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PEEFAOE. 


In  preparing  this  text-book  for  the  use  of  students  and  practitioners  of 
medicine,  I  have  endeavored  to  adapt  it  to  the  wants  of  the  profession,  as 
they  have  appeared  to  me  after  a  considerable  experience  as  a  public  teacher 
of  human  physiology.  My  large  treatise  in  five  volumes  is  here  condensed, 
and  I  have  omitted-bibliographical  citations  and  matters  of  purely  historical 
interest.    Many  subjects,  which  were  considered  rather  elaborately  in  my 
larger  work,  are  here  presented  in  a  much  more  concise  form.    I  have 
added,  also,  numerous  illustrations,  which  I  hope  may  lighten  the  labors  of 
the  student.    A  few  of  these  are  original,  but  by  far  the  greatest  part  has 
been  selected  from  reliable  authorities.    I  have  thought  it  not  without 
historical  interest  to  reproduce  exactly  some  of  the  classical  engravings 
from  the  works  of  great  discoverers,  such  as  illustrations  contained  in  the 
original  editions  of  Fabricius,  Harvey,  and  Asellius.    In  addition,  I  have 
reproduced  a  few  of  the  beautiful  microscopical  photographs  taken  at  the 
United  States  Ai-my  Medical  Museum,  under  the  direction  of  Dr.  J.  J. 
Woodward,  to  whom  I  here  express  my  grateful  acknowledgments.   I  have 
also  to  thank  M.  Sappey  for  his  kindness  in  furnishing  electrotypes  of  many 
of  the  superb  engravings  with  which  his  great  work  upon  anatomy  is  illus- 
trated. 

My  work  in  five  volumes  was  intended  as  a  book  of  reference,  which  I 
hope  will  continue  to  be  useful  to  those  who  desire  an  account  of  the  litera- 
ture of  physiology,  as  well  as  a  statement  of  the  facts  of  the  science.  I 
have  always  endeavored,  in  public  teaching,  to  avoid  giving  undue  promi- 
nence to  points  in  which  I  might  myself  be  particularly  interested,  from 
having  made  them  subjects  of  special  study  or  of  original  research.    In  my 
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text-book,  I  have  carried  out  the  same  idea,  striving  to  teach,  systemati- 
cally and  with  uniform  emphasis,  what  students  of  medicine  are  expected 
to  learn  m  physiology,  and  avoiding  elaborate  discussions  of  subjects  not 
directly  connected  with  practical  medicine,  surgery,  and  obstetrics.  While 
I  have  referred  to  my  original  observations  upon  the  location  of  the  sense 
of  want  of  air  in  the  general  system,  the  new  excretory  function  of  the 
hver,  the  function  of  glycogenesis,  the  influence  of  muscular  exercise  upon 
the  elimination  of  urea,  etc.,  I  have  not  considered  these  subjects  with 
great  mmuteness  and  have  generally  refeiTed  the  reader  to  monographs  for 
the  details  of  my  experiments. 

Finally,  in  presenting  this  work  to  the  medical  profession,  I  cannot 
refrain  from  an  expression  of  my  acknowledgments  to  the  pubHshers,  who 
have  spared  nothing  in  carrying  out  my  views  and  have  devoted  special 
pains  to  the  mechanical  execution  of  the  illustrations. 

New  Yoek,  November,  1875. 
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General  consideratioDS-Transfusion-Quantity  of  Hood-General  characters  ■  of  the  blood-Blood-corpuscles- 
Development  of  the  blood-corpuscles— Leucocytes-Development  of  leucocytes-Composition  of  the  red  cor- 
puscles-GlobuMne-Hfemaglobine— Analysis  of  the  blood— Composition  of  the  blood-plasma-Inorganio  prm- 
ciples-Organic  saline  principles— Organic  non-nitrogenized  principles-Excrementitious  matters-Organic  nitro- 
genized  principles— Plasmine,  fibrin,  metalbumen,  and  serine— Peptones— Coloring  matter— Coagulation  of  the 
blood— Characters  of  the  clot-Characters  of  the  serum-Circumstances  which  modify  coagulation— Coagulation 
of  the  blood  in  the  organism— Spontaneous  arrest  of  hsemorrhage- Cause  of  the  coagulation  of  the  blood— So- 
called  fibrin-factors- Paraglobuline,  or  fibrinoplastio  matter— Fibrinogen. 

From  the  earliest  periods  in  the  history  of  physiology,  the  importance  of  the  blood 
has  been  recognized ;  and,  with  the  progress  of  knowledge,  this  great  nutritive  fluid  has 
been  shown  to  be  more  and  more  intimately  connected  with  the  phenomena  of  animal 
life.  It  is  now  known  to  be  the  most  abundant  and  highly  organized  of  the  fluids  of  the 
body,  providing  materials  for  the  regeneration  of  all  parts,  without  exception,  receiving 
the  products  of  their  waste  and  conveying  them  to  proper  organs,  by  which  they  are 
removed  from  the  system.  These  processes  require,  on  the  one  hand,  constant  regen- 
eration of  the  nutritive  constituents  of  the  blood,  and,  on  the  other,  its  constant  purifi- 
cation by  the  removal  of  efiete  matters. 

Those  tissues  in  which  the  processes  of  nutrition  are  active  are  supplied  with  blood 
by  vessels;  but  some,  less  highly  organized,  like  the  epidermis,  hair,  cartilage,  etc., 
which  are  called  extra-vascular  because  they  are  not  penetrated  by  vessels,  are  none  the 
less  dependent  upon  the  blood,  as  they  imbibe  nutritive  material  from  the  blood  of  ad- 
jacent parts. 

The  importance  of  the  blood  in  the  processes  of  nutrition  is  evident ;  and,  in  animals 
in  which  nutrition  is  active,  death  is  the  immediate  result  of  its  abstraction  in  large 
quantity.  Its  importance  to  life  can  be  readily  demonstrated  by  experiments  upon  the 
inferior  animals.  If  we  take  a  small  dog,  introduce  a  canula  through  the  right  jugular 
vein  into  the  right  side  of  the  heart,  adapt  to  it  a  syringe,  and  suddenly  .withdraw  a  groat 
part  of  the  blood  from  the  circulation,  immediate  suspension  of  all  the  so-called  vital 
processes  is  the  result.  If  wo  then  return  the  blood  to  the  system,  the  animal  is  as  sud- 
denly revived.  To  perform  this  experiment  satisfactorily,  we  must  accurately  adjust  the 
capacity  of  the  syringe  to  the  size  of  the  animal. 

Certain  causes,  one  of  which  is  diminution  in  tile  force  of  the  heart's  action  after 
copious  haamorrhage,  prevent  the  escape  of  all  the  blood  from  the  body,  even  after 
division  of  the  largest  arteries;  but,  after  the  arrest  of  the  functions  which  follows 
copious  discharges  of  this  fluid,  life  may  be  restored  by  injecting  into  tho  vessels 
the  same  blood  or  tho  fresh  blood  of  another  animal.  This  observation,  which  was  first 
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made  on  the  inferior  animals,  has  been  applied  to  the  human  subject;  and  it  has  been 

ascertained  that,  in  patients  sinking  under  hasmorrhage,  the  introduction  of  even  a  few 
ounces  of  fresh  blood  may  restore  the  functions  for  a  time,  and  sometimes  permanently. 
The  operation  of  transfusion,  which  consists  in  the  introduction  of  the  blood  of  one  indi- 
vidual into. the  vessels  of  another,  was  performed  upon  animals  in  the  middle  of  the 
seventeenth  century,  and  was  soon  after  attempted  in  the  human  subject.  So  great  was 
the  enthusiasm  with  which  some  regarded  these  experiments,  that  it  was  thought  pos- 
sible even  to  effect  a  renewal  of  youth  by  the  introduction  of  young  blood  into  the  veins 
of  old  persons ;  and  it  was  also  proposed  to  cure  certain  diseases,  such  as  insanity,  by 
actual  renewal  of  the  circulating  fluid.  These  ideas  were  not  without  apparent  foun- 
dation. It  was  stated,  in  1667,  that  a  dog,  old  and  deaf,  had  his  hearing  improved  and 
was  apparently  rejuvenated  by  transfusion  of  blood  from  a  young  animal.  A  year  later, 
Denys  and  Emmerets  published  a  case  of  a  maniac  who  was  restored  to  health  by  the 
transfusion  of  eight  ounces  of  blood  from  a  calf;  and  another  case  was  reported  of  a 
man  who  was  cured  of  leprosy  by  the  same  means.  But  the  case  of  insanity,  which  was 
apparently  cured,  suffered  a  relapse,  and  the  patient  died  during  a  third  attempt  at 
transfusion.  It  is  almost  unnecessary  to  say  that  these  extravagant  expectations  were 
not  realized.  In  fact,  some  operations  were  followed  by  such  disastrous  consequences, 
that  the  practice  was  forbidden  by  law  in  Paris  in  1668,  and  soon  fell  into  disuse. 

Transfusion,  with  more  reasonable  apphcations,  was  revived  in  the  early  part  of  this 
century  (1818)  by  Blundell,  who,  with  others,  demonstrated  its  occasional  efficacy  in 
desperate  htemorrhage  and  in  the  last  stages  of  some  diseases,  especially  cholera.  There 
are  now  quite  a  number  of  cases  on  record  where  life  has  been  saved  by  this  means;  and 
oftentimes,  when  the  result  has  not  been  so  happy,  the  fatal  event  has  been  consider- 
ably delayed. 

Numerous  experiments  on  transfusion  in  animals  have  been  performed,  with  very 
interesting  results.  Pr6vost  and  Dumas  have  shown  that,  while  an  animal  may  be 
restored  after  hemorrhage  by  the  transfusion  of  defibrinated  blood,  no  such  effect  fol- 
lows the  introduction  of  the  serum;  showing  that  the  vivifying  influence  m  all  prob- 
ability resides  in  the  corpuscles.  Brown-S6quard  has  shown  that,  in  parts  detached 
from  the  body,  after  nervous  and  muscular  irritability  have  disappeared,  these  properties 
may  be  restored  for  a  time  by  the  injection  of  fresh  blood.  He  also  made  a  curious  ex- 
periment in  which  blood  was  passed  from  a  living  dog  into  the  carotid  of  a  dog  just  dead 
from  peritonitis.  The  animal  was  so  far  revived  by  this  operation  as  to  sustam  himself 
on  his  feet,  wag  bis  tail,  etc.,  and  died  a  second  time,  twelve  and  a  half  hours  after.  In 
this  experiment,  insufflation  was  employed  in  addition  to  the  transfusion. 

It  may  be  considered  established  that,  in  animals,  after  hemorrhage,  life  may  be 
restored  by  injecting  the  blood,  defibrinated  or  not,  provided  it  be  introduced  slowly, 
without  admixture  with  air,  and  not  in  too  great  quantity.  In  the  human  subject  es- 
pecially after  hemorrhage,  the  vital  processes  are  sometimes  restored  by  carefu  trans- 
fusion of  human  blood,  with  the  above  precautions ;  remembermg  that  a  very  smaU  quan- 
tity, three  or  four  ounces,  will  sometimes  be  sufficient. 

Quantity  ofBlood.-The  determination  of  the  entire  quantity  of  blood  contained  in 
the  body  is  a  question  of  great  interest,  and  has  long  engaged  the  attention  of  physiolo- 
riats  without  however,  any  absolutely-definite  results.  Among  those  who  have  ex- 
p'S'entd  oV^s  poilit,  may  be  mentioned  Allen-Moulins,  Herbst  Fried.  Hoffmann 
Valentin,  Blake,  Lehmann  and  Weber,  and  Vierordt  The  fac  that  the  abors  o  t  ese 
eminent  Observers  have  so  far  been  unsuccessful  in  dcterniimng  definitely  the  ent  e  qnan^ 
titr  of  blood  shows  the  extent  of  the  difficulties  to  be  overcome  before  the  question  can 
bfenlircly  settled.  The  chief  difficulty  lies  in  the  fact  that  all  the  blood  is  not  discharged 
from  he  body  on  division  of  the  largest  vessels,  as  after  decapitation  ;  and  no  perfectly^ 
accurate  means  have  been  devised  for  estimating  the  quantity  which  remains  m  the 
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vessels.  The  estimates  of  osperimenters  present  the  following  wide  differences :  Allen- 
Moulins  who  was  one  of  the  first  to  study  this  question,  estimated  the  quantity  of  Wood 
at  one-twentieth  the  weight  of  the  entire  body.  The  estimate  of  Herbst  was  a  httle 
higher.  Hoffmann  estimated  the  quantity  at  one-fifth  the  weight  of  the  body.  These 
observers  estimated  the  quantity  remaining  in  the  system  after  opening  the  vessels,  by 
mere  conjecture.  Valentin  was  the  first  who  attempted  to  overcome  this  difficulty  by 
experiment.  For  this  purpose  he  employed  the  following  process :  He  took  first  a  small 
quantity  of  blood  from  an  animal  for  purposes  of  comparison;  then  he  injected  into  the 
vessels  a  known  quantity  of  a  saline  solution,  and,  taking  another  specimen  of  blood  some 
time  after,  he  ascertained  by  evaporation  the  proportion  of  water  which  it  contained, 
and  compared  with  the  proportion  in  the  first  specimen.  He  reasoned  that  the  excess  of 
water  in  the  second  specimen  over  the  first  would  give  the  proportion  of  the  water  intro- 
duced to  the  whole  mass  of  blood;  and,  as  the  entire  quantity  of  water  introduced  was 
known,  the  entire  quantity  of  blood  could  be  deduced  therefrom.  Suppose,  for  example, 
that  the  excess  of  water  in  the  second  specimen  should  be  one  part  to  ten  of  the  blood, 
it  would  show  that  one  part  of  water  had  been  mixed  with  ten  of  the  blood ;  and,  if 
we  had  injected  in  all  five  ounces  of  water,  we  should  have  the  whole  quantity  of  blood 
ten  times  that,  or  fifty  ounces.  This  method,  however,  is  open  to  the  objection  that  it  is 
impossible  to  take  note  of  the  processes  of  imbibition  and  exhalation  which  are  con- 
stantly in  operation. 

The  following  process,  which  is,  perhaps,  the  one  least  open  to  sources  of  error,  was 
employed  by  Lehmann  and  "Weber,  and  applied  directly  to  the  human  subject,  in  the 
case  of  two  decapitated  criminals :  These  observers  estimated  the  blood  remaining  in 
the  body  after  decapitation,  by  injecting  the  vessels  with  water  until  it  came  through 
nearly  colorless.  The  liquid  was  carefully  collected,  evaporated  to  dryness,  and  the  dry 
residue  was  assumed  to  represent  a  certain  quantity  of  blood,  the  proportion  of  dry 
residue  to  a  definite  quantity  of  blood  having  been  previously  ascertained.  If  we  could 
be  certain  that  only  the  solid  matter  of  the  blood  was  thus  removed,  such  an  estimate 
would  be  tolerably  accurate.  As  it  is,  we  may  consider  it  as  approximating  very  nearly 
to  the  truth.    We  quote  the  following  account  of  these  observations : 

"  My  friend,  Ed.  Weber,  determined,  with  my  cooperation,  the  weights  of  two  crimi- 
nals both  before  and  after  their  decapitation.  The  quantity  of  blood  which  escaped 
from  the  body  was  determined  in  the  following  manner  :  Water  was  injected  into  the 
vessels  of  the  trunk  and  head,  until  the  fluid  escaping  from  the  veins  had  only  a  pale-red 
or  yellow  color;  the  quantity  of  the  blood  remaining  in  the  body  was  then  calculated, 
by  instituting  a  comparison  between  the  solid  residue  of  this  pale-red  aqueous  fluid,  and 
that  of  the  blood  which  first  escaped.  By  way  of  illustration,  I  subjoin  the  results 
yielded  by  one  of  the  experiments.  The  living  body  of  one  of  the  criminals  weighed 
60,140  grammes  (132-7  pounds),  and  the  same  body  after  decapitation,  54,600  grammes; 
consequently,  5,540  grammes  of  blood  had  escaped.  28-560  grammes  of  this  blood 
yielded  5-36  grammes  of  solid  residue ;  60-5  grammes  of  sanguineous  water  collected 
after  the  injection,  contained  3-'724  grammes  of  solid  substances ;  6,050  grammes  of  the 
sanguineous  water  that  returned  from  the  veins  were  collected,  and  these  contained 
37-24  grammes  of  solid  residue,  which  corresponds  to  1,980  grammes  of  blood  ;  conse- 
quently, the  body  contained  7,520  grammes  (16-59  pounds),  5,540  escaping  in  the  act  of 
decapitation,  and  1,980  remaining  in  the  body ;  hence,  the  weight  of  the  whole  blood 
was  to  that  of  the  body  nearly  in  the  ratio  of  1  :  8.  The  other  experiment  yielded  a 
precisely  similar  result. 

"  It  cannot  bo  assumed  that  such  experiments  as  these  possess  extreme  accuracy,  but 
they  appear  to  have  the  advantage  of  giving  in  this  manner  the  minimum  of  the  blood 
contained  in  the  body  of  an  adult  man  ;  for  although  some  solid  substances,  not  belong- 
ing to  the  blood,  may  be  taken  up  by  the  water  from  the  parenchyma  of  the  organs  per- 
meated with  capillary  vessels,  the  excess  thus  obtained  is  so  completely  counteracted  by 
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the  deficiency  caused  by  the  retention  of  some  blood  in  tlie  capillaries,  and  in  part  by 
transudation,  that  our  estimate  of  the  quantity  of  blood  contained  in  the  human  body 
may  be  considered  as  slightly  below  the  actual  quantity." 

The  process  just  described  gives  the  most  accurate  idea  of  the  probable  quantity  of 
blood  in  the  human  body;  and,  although  more  recent  investigations  have  been  made 
upon  the  lower  animals,  by  different  methods,  they  are  all  more  or  less  open  to  objec- 
tion. We  may  assume,  then,  that,  in  a  person  of  ordinary  muscular  and  adipose  devel- 
opment, the  proportion  of  blood  to  the  weight  of  the  body  is  about  one  to  eight,  the 
entire  quantity  of  blood  in  the  body  being  from  sixteen  to  eighteen  pounds.  The  relative 
quantity  of  blood  is  said  to  be  less  in  the  infant  than  in  the  adult,  and  to  be  dmimished 
in  old  age.  It  has  been  found,  also,  in  observations  on  the  inferior  animals,  to  be  greater 
in  the  male  than  in  the  female.  . 

Prolonged  abstinence  from  food,  except  when  large  quantities  of  liquid  are  ingested, 
has  a  notable  effect  in  diminishing  the  mass  of  blood,  as  indicated  by  the  small  quantity 
which  can  be  removed  from  the  body,  under  these  circumstances,  with  impunity ;  and  it 
has  been  experimentally  demonstrated  that  the  entire  quantity  of  blood  is  considerab  y 
increased  during  digestion.    Bernard  drew  from  a  rabbit  weighing  about  two  and  a  halt 
pounds  during  digestion,  over  ten  and  a  half  ounces  of  blood  without  producmg  death; 
while  he  found  that  the  removal  of  half  that  quantity  from  an  animal  of  the  same  size, 
fasting  was  followed  by  death.    Wrisberg  has  reported  a  case  of  a  female  crimmal,  very 
plethoric,  from  whom  twenty-one  pounds,  seven  and  three-quarters  ounces  ot  blood 
Lwed  after  decapitation.    As  the  relations  of  the  quantity  of  blood  to  the  d.gestive 
function  are  so  important  it  is  unfortunate  ■  that  the  conditions  of  the  system  m  this 
.rect  were  not  noted  in  the  observations  of  Lehmann  and  Weber.    It  is  evident,  there- 
fZ  lZ  the  quantity  of  blood  in  the  body  is  considerably  ^<-^'-^^'^.^;^^^ 
but  as  regards  the  extent  of  this  increase,  we  cannot  form  any  very  definite  idea.  _  It  is 
only  shoTn  that  there  is  a  marked  difference  in  the  effects  of  haemorrhage  m  animals, 
during  digestion  and  fasting. 

General  Characters  of  the  Mood. 
Ovacitv  -The  opacity  of  the  blood  depends  upon  the  fact  that  it  is  not  a  homogene- 
ous fluS  but  is  composeciof  two  distinct  elements,  a  clear  plasma  and  corpuscles,  which 
are  bo  h  nearly  transparent,  but  which  have  a  different  refractive  power.  I  both  of  these 
ements  had  ie  same  refActive  power,  the  mixture  would  present  no  obstacle  o  th 
elements  nau  ^^.^^        refracted  in  passing  from  the  air 

asmf  .;re  agl  IfScted  whe;  they  enter  the  corpuscles,  and  again,  when 

~Hs:«if:^^ 

:?:;ipSS,  wlTtK-  toth^  animal  .om  which  the  blood  has  been 
alkalinity  diminishes  rapidly  after  the  ^^^  ^^^^  ^      .^^te  of  soda  in  ft 
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wliat  less  in  the  female  than  in  the  male.  Its  density  varies  greatly  under  different  con- 
ditions of  digestion.  '       .  noo     ^  ^ao 

Temperature.— ThQ  temperature  of  the  blood  :s  generally  given  as  from  98  to  100 
Fahr  •  but  recent  experiments  have  shown  that  it  varies  considerably  in  different  parts 
of  the  circulatory  systsm,  independently  of  exposure  to  the  refrigerating  influence  of  the 
atmosphere  By  the  use  of  very  delicate  registering  thermometers,  Bernard  has  suc- 
ceeded in  establishing  the  following  facts  with  regard  to  the  temperature  in  various 
parts  of  the  circulatory  system  in  dogs  and  sheep :  • 

1.  The  blood  is  warmer  in  the  right  than  in  the  left  cavities  of  the  heart. 

2!  It  is  warmer  in  the  arteries  than  in  the  veins,  with  a  few  exceptions. 

3.  It  is  generally  warmer  in  the  portal  vein  than  in  the  abdominal  aorta,  indepen- 
dently of  the  digestive  act. 

4.  It  is  constantly  warmer  in  the  hepatic  than  in  the  portal  veins. 

He  found  the  highest  temperature  in  the  blood  of  the  hepatic  vein,  where  it  ranged 
from  101°  to  107°.    In  the  aorta,  it  ranged  from  99°  to  105°. 

We  may  assume,  then,  in  general  terms,  that  the  temperature  of  the  blood  in  the 
deeper  vessels  is  from  100°  to  107°  Fahrenheit. 

Color  of  the  mood.— The  color  of  the  blood  is  due  to  the  corpuscles.    In  the  arterial 
system  it  is  uniformly  red.    In  the  veins  it  is  generally  dark  blue  and  sometimes  almost 
black.    This  difference  in  color  between  the  blood  in  the  arterial  and  In  the  venous  sys- 
tem was  a  matter  of  controversy  at  the  time  of  Harvey.    By  the  discoverer  of  the  cir- 
culation, the  difference,  which  is  now  universally  known  and  admitted  as  regards  most 
of  the  veins,  was  supposed  to  be  merely  accidental  and  dependent  on  external  causes. 
Fifty  years  later,  Lower  demonstrated  the  change  of  color  in  the  blood  as  it  passes 
through  the  lungs,  and  associated  it  with  the  true  cause;  viz.,  the  absorption  of  oxygen. 
The  color  in  the  veins,  however,  is  not  constant.    Many  years  ago,  John  Hunter  ob- 
served, in  a  case  of  syncope,  that  the  blood  drawn  by  venesection  was  bright  red ;  and 
more  recently,  Bernard  has  demonstrated  that,  in  some  veins,  the  blood  is  nearly  if  not 
quite  as  red  as  in  the  arterial  system.    The  color  of  the  venous  blood  depends  upon  the 
condition  of  the  organ  or  part  from  which  it  is  returned.     The  red  color  was  first  no- 
ticed by  Bernard  in  the  renal  veins,  where  it  contrasts  very  strongly  with  the  black 
blood  in  the  vena  cava.    He  afterward  observed  that  the  redness  only  existed  during  the 
functional  activity  of  the  kidneys ;  and  when,  from  any  cause,  the  secretion  of  urine 
was  arrested,  the  blood  became  dark.    He  was  led,  from  this  observation,  to  examine 
the  venous  blood  from  other  glands  ;  and,  directing  his  attention  to  those  which  he  was 
able  to  examine  during  their  functional  activity,  particularly  the  salivary  glands,  he  found 
the  blood  red  in  the  veins  during  secretion,  but  becoming  dark  as  soon  as  secretion  was 
arrested.    These  observations  may  be  easily  verified  by  opening  the  abdomen  of  a  living 
animal,  exposing  the  renal  veins,  and  introducing  a  canula  into  the  ureter,  so  as  to 
be  able  to  note  the  fiow  or  arrest  of  the  urine.    So  long  as  the  urine  continues  to  flow, 
the  blood  in  these  vessels  is  bright  red ;  but  when  secretion  becomes  arrested,  as  it  soon 
does  after  exposure  of  the  organs,  it  presents  no  difference  from  the  blood  in  the 
vena  cava.    In  the  submaxillary  gland,  by  the  galvanization  of  a  certain  nerve  which  he 
calls  the  motor  nerve  of  the  gland,  Bernard  has  been  able  to  produce  secretion,  and,  by 
the  galvanization  of  another  nerve,  to  arrest  it;  in  this  way  changing  at  will  the  color 
of  the  blood  in  the  veiii.    It  has  been  found  by  the  same  observer  that  division  of  the 
sympathetic  in  the  neck,  which  dilates  the  vessels  and  increases  the  supply  of  blood  to 
one  side  of  the  head,  produces  a  red  color  of  the  blood  in  the  jugular.    He  has  also 
found  that  paralysis  of  a  member  by  division  of  the  nerve  has  the  same  eff"ect  on  the 
blood  returning  by  the  veins. 

The  explanation  of  these  facts  is  evident  when  we  reflect  upon  the  reasons' why  the 
blood  is  red  in  the  arteries  and  dark  in  the  veins.  Its  color  depends  upon  the  corpus- 
cles ;  and  as  the  blood  passes  through  the  lungs  it  loses  carbonic  acid  and  gains  oxygon. 
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changing  from  black  to  red.  In  its  passage  through  the  capillaries  of  the  system,  in  the 
ordinary  processes  of  nutrition,  it  loses  oxygen  and  gains  carbonic  acid,  changing  from 
red  to  black.  During  the  intervals  of  secretion,  the  glands  receive  just  enough  blood 
for  their  nutrition,  and  the  ordinary  interchange  of  gases  takes  place,  with  the  con- 
sequent change  of  color ;  but,  during  their  functional  activity,  the  blood  is  supplied 
in  greatly-increased  quantity,  in  order  to  furnish  the  watery  elements  of  tlie  secretions. 
Under  these  circumstances,  it  does  not  lose  oxygen  and  gain  carbonic  acid  in  any  great 
quantity,  as  has  been  demonstrated  by  actual  analysis,  and  consequently  there  is  no 
marked  change  in  color.  When  filaments  of  the  sympathetic  are  divided,  the  vessels 
going  to  the  part  are  dilated,  and  the  supply  of  blood  is  increased  to  such  an  extent, 
that'a  certain  proportion  passes  through  without  parting  with  its  oxygen  (a  fact  which 
has  also  been  demonstrated  by  analysis),  and  consequently  it  retains  its  red  color.  The 
explanation  in  cases  of  syncope  is  probably  the  same,  although  this  is  merely  a  suppo- 
sition. Even  during  secretion,  a  certain  quantity  of  carbonic  acid  is  formed  in  the 
gland,  which,  according  to  Bernard,  is  carried  off  in  solution  in  the  secreted  fluid. 

It 'may  be  stated,  then,  in  general  terms,  that  the  color  of  the  blood  in  the  arteries  is 
bright  red;  and,  in  the  ordinary  veins,  like  the  cutaneous  or  muscular,  it  is  dark  blue, 
almost  black.  It  is  red  in  the  veins  coming  from  glands  during  secretion,  and  dark  durmg 
the  intervals  of  secretion. 

Anatomical  Elements  of  the  Blood. 
In  1661,  the  celebrated  anatomist,  Malpighi,  in  examining  the  blood  of  the  hedgehog, 
with  the  imperfect  lenses  at  his  command,  discovered  little  floating  V^f'^^^^'^^H? 
niistook  for  granules  of  fat,  but  which  were  the  blood-corpuscles.    He  d.d  not  extend  hi 
Ob  ervations'in  this  direction;  but,  a  few  years  later  (1673),  ^^^^^ ^f^^^l^^'l^ 
of  simple  lenses  of  his  own  construction,  ranging  in  magmfymg  power  f  om  foity  to  one 

rr/ci  Sabmidant  th.n  tke  .-.a,  .nd  wMch  .r»  now  k„„«.  under  th,  n.,ue  of  wh.te 

are  as  follows :  ,,.,11* 
1.  E,d  corp.»le» ;  by  far  the  most  atandant,  constitating  a  httte       than  one-laU 

""^'CoSSt  .-Mte  c„..p.sc.e, ;  les,  aba.dan,,  .ris«»g        in  tbe  p~. 

,   T      •  „     n.n  iilnnd  its  red  color  and  its  opacity. 

They  are  true,  orgamzed  structures,  contammg  or  fatty  matter 

ments  molocularly  united,  and,  as  an  ^^^l^^^'^^ll  ^^^^^^  than  one-half  the  mass 
in  union  with  the  organic  principles.    1  hey  consuiuic 

:  write,  .ivc  the  creait  of  the  a'---^  ,f  J^^^):^^^^^^^^^ 

Btudied  the  blood-corpuscles  of  the  frog  and  d«f  •"'I'^'l '''"^/^f.^"^  „  It  iJ  ^sual  to  dato  discoveries  from  the  tune 
until  1738,  a  number  of  years  after  his  death.   In  questions  of  pnonty, 
of  their  first  publication. 
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of  blood,  and,  according  to  the  observations  of  all  who  have  investigated  this  subject,  are 
more  abundant  in  the  male  than  in  the  female.  ^  .  ^.  •  , 

The  form  of  the  blood-corpuscles  is  peculiar.  They  are  flattened,  biconcave,  circular 
disks,  with  a  thickness  of  from  one-fourtli  to  one-third  of  their  diameter.  Their  edges 
are  rounded,  and  the  thin,  central  portion 
occupies  about  one-half  of  their  diameter. 
Their  consistence  is  not  much  greater  than 
that  of  the  plasma.  They  are  very  elastic, 
and,  if  deformed  by  pressure,  immediately 
resume  their  original  shape  when  the  press- 
ure is  removed.  Their  specific  gravity  is 
from  1088  to  1105,  considerably  greater 
than  the  specific  gravity  of  the  plasma, 
which  is  about  1028.  (Robin.) 

When  the  blood  has  been  drawn  from 
the  vessels  and  coagulates  slowly,  the  great- 
er density  of  the  red  corpuscles  causes  them 
to  gravitate  to  the  lower  portions  of  the 
clot,  leaving  the  white  corpuscles  and  fibrin 
at  the  surface.  This  is  the  cause  of  the 
"huffy-coat"  mentioned  by  some  writers. 
If  coagulation  be  prevented  by  the  addition 
of  a  small  quantity  of  sulphate  of  soda. 


Fig.  I.—Euman  Mood-corp^tscles ;  magnified  S10 diam- 
eters. (From  a  photograph  taken  at  the  United  States 
Army  Medical  Museum.) 


there  is  quite  a  marked  gravitation  of  red  corpuscles  after  standing  for  some  hours. 

The  peculiar  form  of  the  blood-corpuscles  gives  them  a  very  characteristic  appearance 
under  the  microscope.  Examined  with  a  magnifying  power  of  from  three  hundred  to  five 
hundred  diameters,  those  which  present  their  flat  surfaces  have  a  shaded  centre  when  the 
edges  are  exactly  in  focus.  This  appearance  was  formerly  supposed  to  indicate  the  ex- 
istence of  a  nucleus  having  a  constitution  difi"erent  from  that  of  the  rest  of  the  corpuscle. 
It  is  now  understood  to  be  an  optical  eff"ect,  the  result  of  the  form  of  the  corpuscles ;  their 
biconcavity  rendering  it  impossible  for  the  centre  and  edges  to  be  exactly  in  focus  at  the 
same  instant,  so  that,  when  the  edges  are  in  focus,  the  centre  is  dark,  and,  when  the  cen- 
tre is  bright,  the  edges  are  shaded. 

As  the  blood-corpuscles  are  examined 
by  the  microscope  by  transmitted  light, 
they  are  nearly  transparent  and  of  a  pale- 
amber  color.  It  is  only  when  they  are  col- 
lected in  masses  that  they  present  the  red 
tint  characteristic  of  blood  as  it  appears 
to  the  naked  eye.  This  yellow  or  amber 
tint  is  quite  characteristic.  A  pretty  good 
idea  of  the  color  may  be  obtained  by  large- 
ly diluting  blood  in  a  test-tube  and  holding 
it  between  the  eye  and  the  light. 

In  examining  blood  under  the  micro- 
scope, the  corpuscles  are  seen  in  many 
different  positions  ;  some  flat,  some  on 
their  edges,  etc.  This  assists  us  in  recog- 
nizing their  peculiar  form. 

It  lias  long  been  observed  that  the  blood- 
corpuscles  have  a  remarkable  tendency  to 
arrange  themselves  in  rows  like  rouleaux  of  coin.    This  appearance  has  attracted  univer- 
sal attention,  and  for  a  long  time  it  was  not  satisfactorily  explained.  Robin,  however,  has 


Fio.  2.  —Ifmnan  red  blood-corpuselea,  arranged  in  roios, 
with  two  white  corpuscles,  or  leucocytes. 
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given  what  seems  to  bo  the  true  explanation.  He  has  sliown  that,  shortly  after  removal 
from  the  vessels,  there  exudes  from  the  corpuscles  an  adhesive  substance  wliich  smears 
their  surface  and  causes  them  to  stick  together.  Of  course  tlie  tendency  is  to  adliere  by 
their  flat  surfaces.  In  examuiing  a  specimen  of  blood  under  the  microscope,  the  presence 
of  this  adhesive  exudation  may  be  demonstrated  by  employing  firm  and  gradual  pressure 
on  the  glass  cover,  when  the  adherent  corpuscles  may  be  separated,  in  some  instances, 
and  with  oblique  light,  we  can  see  a  little  transparent  filament  between  them,  which 
draws  them  together,  as  it  were,  when  the  pressure  is  removed.  This  phenomenon  is  due 
to  a  post-mortem  change ;  but  it  occurs  so  soon,  that  it  presents  itself  in  nearly  every 
specimen  of  fresh  blood,  and  is  therefore  mentioned  in  connection  with  the  normal  char- 
acters of  the  blood-corpuscles. 

Dimensions. — The  diameter  of  the  blood-corpuscles  has  a  more  than  ordinary  anatom- 
ical interest;  for,  varying  perhaps  less  in  size  than  other  anatomical  elements,  they  are 
often  taken  as  the  standard  by  which  we  form  an  idea  of  the  size  of  other  microscopic 
objects.  The  diameter  usually  given  is  ^Vo  of  an  inch.  The  exact  measurement  given 
by  Robin  is  .0073  of  a  millimetre,  or  ^jVt  of  an  inch.  It  is  stated  by  some  authors  that 
the  size  of  the  corpuscles  is  very  variable,  even  in  a  single  specimen  of  blood.  "We  have 
repeatedly  measured  them  and  found  a  diameter  of  of  an  inch.  Very  few  are  to 
be  found  which  vary  from  this  measurement.  Kolliker,  who  gives  their  average  diame- 
ter as        of  an  inch,  states  that  "at  least  ninety-five  out  of  every  hundred  corpuscles 

are  of  the  same  size." 

We  cannot  leave  the  subject  of  the  size  of  the  blood-corpuscles  without  a  notice  of  the 
measurements  in  the  blood  of  different  animals.  This  point  is  interestmg,  from  the  fact 
that  it  is  often  an  important  question  to  determine  whether  a  given  specimen  of  blood  be 
from  the  human  subject  or  from  one  of  the  inferior  animals.  Comparative  measurements 
also  have  an  interest  on  account  of  a  relation  which  seems  to  exist  in  the  animal  scale 
between  the  size  of  the  blood-corpuscles  and  muscular  activity.  In  all  the  mammalia, 
with  the  exception  of  the  camel  and  llama,  in  which  the  corpuscles  are  oval,  the  blood 
has  nearly  the  same  anatomical  characters  as  in  the  human  subject.  In  only  two  animals, 
the  elephant  and  sloth,  are  the  red  corpuscles  larger  than  in  man ;  in  all  others,  they  are 
smaller  or  of  nearly  the  same  diameter.  By  reference  to  the  table,  it  will  be  seen  that, 
'  in  some  animals,  the  corpuscles  are  very  much 

smaller  than  in  man ;  and,  by  accurate  meas- 
urements, we  are  enabled  to  distinguish  their 
blood  from  the  blood  of  the  human  subject. 
But,  in  forming  an  opinion  on  this  subject, 
it  must  be  remembered  that  there  is  some 
variation  in  the  size  of  tlie  corpuscles  of  the 
same  animal.  "We  can  easily  distinguish  the 
blood  of  the  human  subject,  or  of  the  mam- 
mals generally,  from  that  of  birds,  fishes,  or 
reptiles ;  for,  in  these  classes  of  animals,  the 
corpuscles  are  oval  and  contain  a  granular 
nucleus. 

Milne-Edwards  has  attempted  to  show, 
by  a  comparison  of  the  diameter  of  the 
blood-corpuscles  in  different  species,  that 
their  size  boars  an  inverse  ratio  to  the  mus- 

FiG.  Z.—Blood-oorpuncles  qf  the  frog ;  magnifiedSaQ  „„f:^f„  „f  tlirv  nnimnl     Reference  tO  the 

dinnuteri,.    (i>om  a  photograph  taken  at  the    cular  actmty  Ot  tllC  ammai.  l^eitiuuL,^^ 

United  States  Army  Medical  MuBOum.)  ^^^^jg  ^-[^^^y  i\y^^  this  relation  holdS  gOOtt 

to  some  extent,  while  there  certainly  exists  none  between  the  size  of  the  ^^^J^;^";^ 
the  size  of  the  animal.    In  deer,  animals  remarkable  for  muscular  activity,  the  coipuscles 
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are  very  small,  of  an  inch ;  while  in  the  sloth  they  ai-e  and  in  the  ape,  which 
is  comparatively  inactive,  ^jiVir-  But,  on  the  other  hand,  in  the  dog,  whicli  is  quite 
active,  we  have  a  corpuscle  of  ^Vtr  of  an  inch,  and  in  the  ox,  which  is  certainly  not  so 
active,'  the  diameter  of  the  corpuscle  is  of  an  inch.  Although  this  relation  between 
the  size  of  the  blood-corpuscles  and  muscular  activity  is  not  invariable,  it  is  certain  that, 
the  higher  we  go  in  the  great  classes  of  animals,  the  smaller  are  the  blood- corpuscles ; 
the  largest  being  found  in  the  lowest  orders  of  reptiles,  and  the  smallest,  in  the  mam- 
malia. The  blood  of  the  invertebrates,  with  a  few  exceptions,  contains  no  colored  cor- 
puscles. 

Table  of  Measurements  of  Red  Corpuscles. 

This  table  is  taken  from  the  table  of  Mr.  Gulliver,  published  in  the  Sydenham  edition  of  Hewson's 
Works,  page  23'7.  Nearly  five  hundred  measurements  were  made  by  Mr.  Gulliver ;  and  of  these, 
one  hundre°d  of  the  most  important  have  been  selected.  It  will  be  observed  that  the  diameter  of 
the  human  blood-corpuscle  is  greater  than  that  generally  given.  It  must  be  borne  in  mind  that  all 
these  measurements  are  mere  approximations  ;  but  they  are  useful,  as  showing  the  relations  of  the 
corpuscles  in  different  animals,  and  enabling  us  to  distinguish  the  blood  of  the  human  subject  from 
that  of  some  of  the  inferior  animals.  The  measurements  are  all  given  in  fractions  of  an  English 
inch ;  and,  in  making  the  selections,  the  common  names  of  the  anunals  have  been  substituted  for 
the  technical  names  given  in  the  original. 
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Corpuscles  Circular. 

Diameter.  Diameter. 

Man,   siaij  Weasel,      .       .       .       .       .       •  x^aj 

Chimpanzee,   Polecat,   tAt 

Ourang-outang,    .       .       .       .       ■  TaHnr  Otter,   swoi 

Black  monkey,   aTKru  Seal,   aAx 

Red  monkey,   infss  Porpoise,   Wi?a 

Cape  baboon,   s-sVa  Whale,   3"dW 

Brown  baboon,   aAu  Hog)   i'hfu 

Dog-faced  baboon,   Tji'iiT  Indian  elephant,   ^hb 

Lazy  monkey,   Ti/gr  Indian  rhinoceros,   stVs 

Bat,   4-iVs  Horse   ■T^'uo 

Long-eared  bat,  .....  TiS'S  -^^^i        .......  tSoIj 

Mole,   tjVt  Stag,  •  raVa" 

Hedgehog,   tAt  Tallow  deer,   iirs 

Badger,   agVu  Virginia  deer,   eoW 

Polar  bear,   a  aVu  Giraffe   rirr 

Brown  bear  of  Europe,   ....  s'hi  Antelope,   rtW 

Black  bear  of  North  America.     .       .  Gazelle,   TiiW 

Raccoon,   -^^ts  Goat,  .       .       .       .  •     .       ■       .  wh^ 

Dog,   ttA-y  Sheep,  •  TaVr 

Fox,   4-[^,-y  Ox,     .  '   tAt 

Jackal,   a'a'su  Buffalo,   thW 

Wolf,   -^-^an  Musk  deer  of  Java,     ....  ■nl'TS 

Striped  hyena,   whsj  Plying  squirrel,   Tilfy 

Spotted  hyena,   aaVw  Ped  squirrel,   Toini 

Cat,   :5-^j:j-  Black  squirrel,   TiiVr 

Lion,   -j-jij^  Gray  squirrel,   fhm 

Tiger,   xhs^  Marmot,   tAt 

Leopard, .       .       .       .       .       .       .  -^-^x^  Brown  rat,  ......  ■jl/lT 

Panther,   jj^-^  Black  rat,   -rhri 

Ferret,   -jtVt  Mouse,   Thf 
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Diameter. 

Water  rat,   T^gn 

Porcupiuo   ir^Tf 

Beaver,  .   Ta'iz 

Guinea-pig,   TsVs 

Rabbit,   UoVr 

Two-toed  sloth,   Tesv 


Opossum, 
Kangaroo, 


Dromedary  (oval), 
Camel  (oval). 


Diameter. 
•  ThsT 

L.  diam.  B.  (llam- 


Eagle  (ring-tailed). 

Owl,  . 

Jay, 

Kaven, 

Starling, . 

Wren, 

Sparrow, 

Woodpecker, 

Swallow, 

Stork, 


Birds. 

Corpuscles  Oval. 


Long  Short 
Diameter.  Diameter. 


_  i._ 
;ill4  1 

T'iil 
_JL._ 


4  1  b7 

__!„_ 
4  I  ii  'J 


34  fs 


Pigeon,  . 

Turtle-dove, 

Peacock, 

Cock, . 

Turkey,  . 

Guinea-fowl, 

Quail, 

Goose, 

Swan, 

Duck, 


LCDg 

Diameter. 

•  TsVa 

•  T"8ay 


6 

505  4 
1!34T 

1  h'cmT 


Short 
Diameter. 

■r4^(i(; 

44^7 


Green  turtle,  . 
Land  tortoise. 


Jleptiles. 

Corpuscles  Oval. 

Long  Short 
Diameter.  Diameter. 

r-hr  tAy  Lizard, 
.   T2W     ^A-if  Viper, 


Long 


Short 


Diameter.  Diameter. 
•    TsVs      77  4  a 
•nr74  TsW 


Trog, 


Amphibia. 

Corpuscles  Oval. 

Long  Short 
Diameter.  Diameter. 
TiW     TsW  Toad, 


Long  Short 
Diameter.  Diameter. 


Perch, 
Carp, 


Fishes. 

Corpuscles  Oval. 


Long  Short 
Diameter.  Diameter. 

■rh^  Eel, 


Tl-fT 


Long  Short 
Diameter.  Diameter. 


^  ^7i.  R7««r7  r7or»Msc;cs.— In  most  of  the  quantitative  analyses  of  the 
EnumeraHon  of  '^^^J-'"^-^^^^^^       t„  the  entire  mass  of  blood  is  stated  to  be  a 
blood  the  proportion  of  ™°  f  ^^^^f     *°^33,,,n,  ,ather  rough;  and  it  would  be  in- 
little  .ess  than  one-half  e»e  i  J        the  proportion  of  corpuscles, 

tcrcsfng  to  ascertnm  if  PJ^^^^^^^^  as  these  bodies  play  so  important  a 

Lde  by  Malasse.  .ho  has  ^-^f^^;^^:^^:-^^^^^'^  ^oes  noi 
:  m^:~  t  ^e  proce^;  employed  is  the  following : 
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The  blood  to  be  examined  is  diluted  with  ninety-nine  parts  of  a  liquid  composed  of 
one  volume  of  a  solution  of  gum-arabic  of  a  specific  gravity  of  1020  with  three  volumes 
of  a  solution  of  equal  parts  of  sulphate  of  soda  and  chloride  of  sodmm  also  of  a  spe- 
cific gravity  of  1020.  The  mixture,  containing  one  part  of  blood  iu  one  hundred,  is  m- 
trodiK;ed  into  a  small  thermometer-tube  with 


an  elliptical  bore,  the  sides  of  the  tube  being 
ground  flat  for  convenience  of  microscopical 
examination.  The  capacity  of  the  tube  is  to 
be  calculated,  by  estimating  the  weight  of  a 
volume  of  mercury  contained  in  a  given 
length.  The  tube  is  then  filled  with  the  di- 
luted blood,  and  the  number  of  corpuscles  in 
a  given  length  of  the  tube  is  counted  by 
means  of  a  microscope  fitted  with  an  eye- 
piece micrometer.  In  this  way,  the  number 
of  corpuscles  in  a  given  volume  of  blood  can 
be  readily  estimated.  In  man,  the  number 
in  a  CTibio  milluneter  of  blood  (a  millimeter  = 
about  -jV  of  an  inch)  is  estimated  at  about 

fom'  million.  —  

A ccordinff  to  the  observations  of  Malas-   Fig.  i.— Artificial  eapUlaiy,  filhd  wUn  a  sanawin- 
"    .        „  1     •     V    i  +1  «        eous  mixture,  seen  under  a  quadrilateral  mi- 

sez,  the  proportion  ot  corpuscles  is  about  tue       crometer.  (Malassez.) 

same  in  all  parts  of  the  arterial  system.  In 

the  veins,  the  corpuscles  are  more  abundant  than  in  the  arteries.  In  the  venous  system, 
the  blood  of  the  splenic  veins  presents  the  largest  proportion  of  corpuscles,  and  the  pro- 
portion is  smallest  in  the  blood  of  the  hepatic  veins.  These  results  favor  the  idea 
tliat  the  red  corpuscles  are  formed,  to  a  certain  extent,  in  the  spleen,  and  that  some 
are  destroyed  in  the  liver  ;  but  farther  observations  are  necessary  to  render  this  view 
certain. 


Post-mortem  Changes  in  the  Blood- 
Corpuscles. — In  examining  the  fresh  blood 
under  the  microscope,  after  the  specimen 
has  been  under  observation  a  short  time, 
the  corpuscles  aasunle  a  peculiar  appear- 
ance, from  the  development,  on  their  sur- 
face, of  very  minute,  rounded  projections, 
like  the  granules  of  a  raspberry.    A  little 
later,  when  they  have  become  partly  de- 
siccated, they  present  a  shrunken  appear- 
ance, and  their  edges  are  more  or  less  ser- 
rated.   Under  these  conditions,  their  orig- 
inal form  may  be  restored  by  adding  to 
the  specimen  a  liquid  of  about  the  den- 
sity of  the  serum.    When  they  have  been 
completely  dried,  as  in  blood  spilled  upon 
clothing  or  on  a  floor,  months  or  even        ^.^numan  Viood-corpmcies,  showing  post-mortem 
years  after,  they  can  be  made  to  assume  alterations. 
tlieir  characteristic  form  by  carefully  moist- 
ening thein  with  an  appropriate  liquid.    This  property  is  taken  advantage  of  in  exam- 
inations of  old  spots  supposed  to  be  blood ;  and,  if  the  manipulations  be  carefully  con- 
ducted, the  corpuscles  may  be  recognized  without  difficulty  by  the  microscope. 

If  pure  water  be  added  to  a  specimen  of  blood  under  the  microscope,  the  corpuscles 
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swell  up,  become  spherical,  and  are  finally  lost  to  view  by  solution.    The  same  effect 
follows  almost  instantaneously  on  the  addition  of  acetic  acid. 

Structure.— Tho  structure  of  the  blood-corpuscles  is  very  simple.  They  arc  perfectly 
homogeneous,  presenting,  iu  their  normal  condition,  no  nuclei  or  granules,  and  are  not 
provided  with  an  investing  membrane.  A  great  deal  has  been  said  by  anatomists  con- 
cerning this  latter  point ;  and  some  are  of  the  opinion  that  the  corpuscles  are  cellular  in  their 
structure,  being  composed  of  a  membrane,  with  viscid,  scmiHuid  contents.  Without  going 
fully  into'  the  discussion  of  this  question,  it  may  be  stated  that  few  have  assumed  to  have 
actually  demonstrated  this  membrane ;  but  certain  observers  have  inferred  its  existence 
from  the  fact  of  the  corpuscles  swelling,  and,  as  they  term  it,  bursting  on  the  addition 
of  water.  The  appearances  presented  upon  the  addition  of  iodine  to  blood  previously 
treated  with  water,  which  have  been  supposed  to  indicate  the  presence  of  shreds  of 
ruptured  vesicles,  are  not  sufficiently  distinct  to  demonstrate  the  existence  of  a  membrane. 
The  great  elasticity  of  the  corpuscles,  the  persistence  with  which  they  preserve  then- 
biconcave  form,  and  their  general  appearance,  rather  favor  the  idea  that  they  are  homo- 
geneous bodies  of  a  definite  shape,  than  that  they  have  a  cell-wall  with  semifluid  con- 
tents- especially  as  the  existence  of  a  membrane  has  been  only  inferred  and  not  posi- 
tivelv  demonstrated.  Their  mode  of  nutrition  is  like  that  of  other  anatomical  dements. 
They  are  bathed  in  a  nutritive  fluid,  the  plasma,  and,  as  fast  as  their  substance  becomes 
worn  out  and  effete,  new  material  is  supplied.  In  this  way,  they  undergo  the  same 
molecular  changes  as  other  anatomical  structures.  When  destroyed  or  removed  from  the 
body  in  haemorrhages,  new  corpuscles  are  gradually  developed,  untd  their  quantity 
reaches  the  normal  standard. 

Development  of  the  Blood-Corpuscles.-Yevj  early  in  the  development  of  the  ovum, 
the  h  ood  vessels  appear,  constituting  what  is  called  the  area  vasculosa  At  about  he 
same  time  the  blood  corpuscles  are  developed,  it  may  be  before,  or  it  may  be  just  after  the 
apZrance  of  the  vessels,  for  this  point  is  undetermined.  The  b  ood  becomes  red  when 
Z  embryon  is  about  one-tenth  of  an  inch  in  length.  From  this  t.me  until  the  end  of 
5e  ix^h  01  e  ghi  week,  they  are  from  thirty  to  one  hundred  per  cent,  larger  than  in 
dult.  Most  of  them  are'cb-cular,  but  some  are  ovoid,  ^^  ^^^^^^  ^1 
this  period,  nearly  aU  of  them  are  provided  with  a  nucleus ;  but,  f-m  the  ffi  ^  there  are 
cnrr^B  In  w1  loh  this  is  wanting.  The  nucleus  is  from  „W  ^  ^  ot  an  men  in  mametei, 
r^ilar  gttk    4^  in  water  and  acetic  acid.    As  development  advances, 

£  nucleTd  c;rpuscles  are  gradually  lost;  but,  even  at  the  fourth  month,  we  may 
stirsera  few  remaining.    After  this  time,  they  present  no  anatomical  differences  from 

the  blood-corpuscles  in  the  adult.  „p„nnnl-«  of  the  develon- 

In  many  works  on  physiology  and  general  anatomy  we  ^^l^^^^^l  ^Meh  arl  sup- 

varisties  oomist  In  the  blood-vessel,  which  l..»  g.v»  "'l^XZamKnL  in  the  s„n- 
gumeous  blastema,    ilieie  is,  laiuieunuic,  i ,  „,i  „„,.n,iar.ipa    It  is  ref^ardcd  by 

L..n  „.  or..n.  I;.™  ^^^^^ifr^^jr^t:^:^^ i::o,,..^^i 

some  as  a  necessity  tiiat  there  should  oe  an  or^a  .  ,        ,      organized  bodies 

and  one  for  ti.eir  formation.    Eegarding  them  as  we  cer  ainlj  ^^^^  ^ ,,,,, 

which  are  essential  ^^^^^^^^^^^^ 

reasons,  based  on  ti.cir  ^''^ction  sliould  leaa  pnys     ^  formation  of  pig- 

organ  for  their  destruction.    The  hypotiiesis  tl>at  liey  aie  "  '^'^  ^^.^^ 
nientary  matter  seems  hardly  sufficient  to  account  for  this.    Ihe  obseivai 
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which  show  an  increase  in  the  number  of  corpuscles  in  the  blood  coming  from  the  spleen 
and  a  diminution  in  the  blood  of  the  hepatic  veins,  are  not  sufficiently  definite  to  serve 
as  a'  demonstration  that  the  spleen  is  a  blood-forming  organ ;  and  the  same  remark 
may  be  applied  to  observations  upon  the  formation  of  blood-corpuscles  by  the  marrow 

of  the  bones.  ^  , 

In  the  present  state  of  our  knowledge,  the  foUowmg  seem  to  be  the  most  rational 
views  with  regard  to  the  development  and  nutrition  of  the  blood-corpuscles: 

1.  At  the  time  of  their  first  appearance  in  the  ovum,  they  are  formed  by  no  special 
organs,  for  no  special  organs  then  exist ;  but  they  appear  by  genesis  in  the  sanguineous 
blastema. 

2.  When  fully  formed,  they  are  regularly-organized  anatomical  elements,  subject  to 
the  same  laws  of  gradual  molecular  waste  and  repair  as  any  of  the  anatomical  elements 
of  the  tissues. 

3.  They  are  generated  de  novo  in  the  adult,  when  diminished  in  quantity  by  htemor-  j 
rhage  or  otherwise;  and,  under  these  circumstances,  they  are  probably  formed  in  thej 
liquor  sanguinis,  by  the  same  process  by  which  they  take  their  origin  in  the  ovum. 

Function  of  tJie  Blood-Corpuscles.— Mthongh  the  albuminoid  constituents  of  the  plasma 
of  the  blood  are  essential  to  nutrition,  the  red  corpuscles  are  the  parts  most  immediately 
necessary  to  life.  We  have  already  seen,  in  treating  of  transfusion,  that  life  may  be  re- 
stored to  an  animal  in  which  the  functions  have  been  suspended  from  haemorrhage,  by  the 
introduction  of  fresh  blood;  and,  while  it  is  not  necessary  that  this  blood  should  contain 
the  elements  of  fibrin,  it  has  been  shown  by  the  experiments  of  Prevost  and  Dumas  and 
others,  that  the  introduction  of  serum,  without  the  corpuscles,  has  no  restorative  effect. 
When  all  the  arteries  leading  to  a  part  are  tied,  the  tissues  lose  their  properties  of  con- 
tractility, sensibility,  etc.,  which  may  be  restored,  however,  by  supplying  it  again  with 
the  vivifying  fluid.  We  shall  see,  when  we  come  to  treat  of  the  function  of  respiration, 
that  one  great  distinction  between  the  corpuscular  and  fluid  elements  of  the  blood  is  the 
gi-eat  capacity  which  the  former  have  for  absorbing  gases.  Direct  observations  have 
shown  that  blood  will  absorb  from  ten  to  thirteen  times  as  much  oxygen  as  an  equal  bulk 
of  water ;  and  this  is  dependent  almost  entirely  on  the  presence  of  the  red  corpuscles.  As 
all  the  tissues  are  constantly  absorbing  oxygen  and  giving  off  carbonic  acid,  a  very  im- 
portant function  of  the  corpuscles  is  to  carry  oxygen  to  all  parts  of  the  body.  In  the 
present  state  of  our  knowledge,  this  is  the  only  well-defined  function  which  can  be 
attributed  to  the  red  corpuscles,  and  it  undoubtedly  is  the  principal  one.  They  have  an 
affinity,  though  not  so  great,  for  carbonic  acid,  which,  after  the  blood  has  circulated  in 
the  capillaries  of  the  system,  takes  the  place  ot  the  oxygen.  In  some  experiments  per- 
formed a  few  years  ago  on  the  efifects  of  hemorrhage  and  the  seat  of  the  "  iesoin  de  re- 
spirer,"  we  demonstrated  that  one  of  the  results  of  removal  of  blood  from  the  system 
was  a  condition  of  asphyxia,  dependent  upon  the  absence  of  these  respiratory  elements. 

Leucocytes,  or  White  Corpuscles  of  the  Blood. — In  addition  to  the  red  corpuscles  of 
the  blood,  this  fluid  always  contains  a  number  of  colorless  bodies,  globular  in  form,  in  the 
substance  of  which  are  embedded  a  greater  or  less  number  of  minute  granules.  These 
have  been  called  by  Robin,  leucocytes.  This  name  seems  more  appropriate  than  that  ot 
white  or  colorless  blood-corpuscles,  inasmuch  as  they  are  not  peculiar  to  the  blood,  but 
are  found  in  the  lymph,  chyle,  pus,  and  various  other  fluids,  in  which  they  were  formerly 
known  by  different  names.  All  who  have  been  in  the  habit  of  examining  the  animal 
fluids  microscopically  have  noticed  the  great  similarity  between  the  corpuscular  elements 
found  in  the  above-mentioned  situations ;  and,  as  microscopes  have  been  improved  and 
investigations  have  become  more  exact,  the  varieties  of  corpuscles  have  been  narrowed 
down.  It  is  now  pretty  generally  ackuowlodgcd  that  the  corpuscles  found  in  mucus  and 
pus  are  identical ;  also,  that  there  is  no  difference  between  the  white  corpuscles  found  in 
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the  lymph,  chyle,  and  blood ;  and,  finally,  it  has  been  shown  that  all  of  these  bodies, 
which  were  formerly  supposed  to  present  marked  distinctive  characters,  belong  to  the 
same  class,  presenting  but  slight  diflfcrenccs  in  different  situations.  Tlie  description  which 
Avill  be  given  of  the  white  corpuscles  of  the  blood,  and  the  effects  of  reagents,  will  an- 
swer, in  the  main,  for  all  the  corpuscular  bodies  that  are  grouped  under  the  name  of 
leucocytes. 

Leucocytes  are  normally  found  in  the  blood,  lymph,  chyle,  semen,  colostrum,  and 
vitreous  humor.  Pathologically,  they  are  found  in  the  secretion  of  mucous  mem- 
branes, following  irritation,  and  in  inflammatory  products,  when  they  are  called  pus- 
corpuscles. 

In  examining  a  specimen  of  blood  with  the  microscope,  we  immediately  notice  the 
marked  difference  between  the  leucocytes  and  red  corpuscles.  The  former  are  globular, 
with  a  smooth  surface,  somewhat  opaque  from  the  presence  of  more  or  less  granular 
matter,  white,  and  larger  than  the  red  corpuscles. 

Li  examining  the  circulation  under  the  microscope,  we  are  struck  with  the  adhesive 
character  of  the  leucocytes  as  compared  with  the  red  corpuscles.  The  latter  circulate 
with  great  rapidity  in  the  centre  of  the  vessels,  while  the  leucocytes  have  a  tendency  to 
adhere  to  the  sides,  moving  along  slowly,  and  occasionally  remaining  for  a  time  entirely 
stationary,  until  they  are  swept  along  by  a  change  in  the  direction  or  force  of  the 
current. 

The  size  of  the  leucocytes  varies  somewhat,  even  in  any  one  fluid,  such  as  the  blood. 
Their  average  diameter  may  be  stated  as  of  an  inch.  It  is  in  pus,  where  they  exist  in 
greatest  abundance,  that  their  microscopical  characters  may  be  studied  with  greatest  ad- 
vantage. In  this  fluid,  after  it  is  discharged,  the  corpuscles  sometimes  present  remarkable 
deformities.  They  become  polygonal  in  shape,  and  somQtimes  ovoid,  occasionally  presenting 
projections  from  their  surface,  which  give  them  a  stellate  appearance.  These  alterations, 
however,  are  only  temporary;  and,  after  from  twelve  to  twenty-four  hours,  they  resume 
their  globular  shape.  On  the  addition  of  acetic  acid,  they  swell  up,  become  transparent, 
with  a  delicate  outline,  and  present  in  their  interior  one,  two,  three,  or  even  four  rounded, 
nuclear  bodies,  generally  collected  in  a  mass.  This  is  rather  to  be  considered  as  a  coagu- 
lation of  a  portion  of  the  corpuscle,  than  a  nucleus  brought  out  by  the  action  of  the  acid 
which  renders  the  corpuscle  transparent;  although  in  some  corpuscles  it  is  seen  without 
the  addition  of  any  reagent.  This  appearance  is  produced,  though  more  slowly,  by  the 
addition  of  water. 

Leucocytes  vary  considerably  in  their  external  characters  m  different  situations. 
Sometimes  they  are  very  pale  and  almost  without  granulations,  while  at  others  they  are 
filled  with  fatty  granules  and  are  not  rendered  clear  by  acetic  acid.  As  a  rule,  they 
increase  in  size  and  become  granular  when  confined  in  the  tissues.  In  colostrum,  where 
they  are  called  colostrum-corpuscles,  they  generally  undergo  this  change.  As  the  result 
of  inflammatory  action,  when  they  are  sometimes  called  inflammatory  or  exudation-cor- 
puscles, leucocytes  frequently  become  much  hypertrophied  and  are  filled  with  fatty 

^'^The  deformation  of  the  leucocytes,  to  which  allusion  has  already  been  made,  is  some- 
times so  rapid  and  changeable  as  to  produce  creeping  movements,  ^ue  to  the  projec  ion 
and  retraction  of  portions  of  their  substance.  These  movements  are  of  the  k^^d  called 
amcBboid,  and  are  supposed  to  be  important  in  the  process  of  migration  of  the  corpus- 

cles,  which  has  lately  been  described.  ,   ,     •    „  „„..^„^; 

The  quantity  of  leucocytes  compared  to  the  red  corpuscles  can  only  be  given  approxi- 
mativelyl  It  has  been  estimated  by  counting  under  the  microscope  the  red  corpusc  es  and 
leucocytes  contained  in  a  certain  space.  Moleschott  gives  the  P-P^  ^  ; 
others  at  from  1  :  300  to  1  :  600.  It  has  been  found  by  Dr  E.  H.rt  of  "J^; 
obser;ationo  have  been  confirmed  by  others,  that  the  relative  H""^*'^'^. «  '7°^^*J„^ 
is  much  increased  during  digestion.  He  found,  in  one  individual,  a  proportion  of  1  .  1800 
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6. — Unman  red  and,  wliiie  blood-corpuscles. 


before  breakfast ;  an  hour  after  breakfast,  which  was  taken  at  8  o'clock,  1  :  700 ;  be- 
tween 11  and  1  o'clock,  1:1500;  after  dining,  at  1  o'clock,  1:400;  two  hours  after, 
1  :  1475  ;  after  supper,  at  8  p.  m.,  1  :  550  ;  at  11^  p.  M.,  1  :  1200.  The  leucocytes  are 
much  hghter  than  the  red  corpuscles,  and,  when  the  blood  coagulates  slowly,  are  fre- 
quently found  with  a  certain  amount  of  colorless  fibrin  forming  a  layer  on  the  surface  of 
the  clot,  which  is  called  the  "  bufiy-coat." 
Their  specific  gravity  is  about  1070. 

Numerous  observers,  among  whom  may 
be  mentioned  Donn6,  Kolliker,  Gray,  Hirt, 
and  Malassez,  have  noticed  a  great  in- 
crease in  the  number  of  leucocytes  in  the 
blood  coming  from  the  spleen,  and  have 
supposed  that  they  are  formed  chiefly  in 
this  organ.  It  is  inconsistent  with  the 
mode  of  development  of  these  corpuscles 
to  suppose  that  any  special  organ  is  exclu- 
sively engaged  in  their  production ;  and 
their  persistence  in  animals  after  extirpa- 
tion of  the  spleen  sliows  that  they  are  de- 
veloped in  other  situations. 

The  function  of  the  leucocytes  is  not 
understood.  The  supposition  that  they 
break  down  and  become  nuclei  for  the  de- 
velopment of  red  corpuscles,  which  at  one 
time  obtained,  is  a  pure  hypothesis,  which  has  no  positive  basis  in  fact. 

Development  of  Leucocytes. — These  corpuscles  appear  in  the  blood-vessels  very  early 
in  foetal  life,  before  the  lymphatics  can  be  demonstrated.  They  arise  in  the  same  way  as 
the  red  corpuscles,  by  genesis  from  materials  existing  in  the  vessels.  They  appear  in 
lymphatics,  before  these  vessels  pass  through  the  lymphatic  glands,  in  the  foetus  anterior 
to  the  development  of  the  spleen,  and  also  on  the  surface  of  mucous  membranes ;  so 
they  cannot  be  considered  as  produced  exclusively  by  the  lymphatic  glands,  as  has  been 
supposed.  There  is  no  organ  nor  class  of  organs  in  the  body  specially  charged  with  their 
formation;  and,  although  they  frequently  appear  as  a  result  of  inflammation,  this  process 
is  by  no  means  necessary  for  their  production.  Eobin  has  carefully  noted  the  phenom- 
ena of  their  development  in  recent  wounds.  The  first  exudation  consists  of  clear  fluid, 
with  a  few  red  corpuscles ;  then,  a  finely  granular  blastema.  In  from  a  quarter  of  an 
hour  to  an  hour,  pale,  transparent  globules,  from  -^-^-^  to  of  an  inch  in  diameter, 
make  their  appearance,  which  soon  become  finely  granular  and  present  the  ordinary 
appearance  of  leucocytes.  They  are  thus  developed,  hke  other  anatomical  elements,  by 
organization  of  the  necessary  elements  furnished  by  a  blastema,  and  not  by  the  action 
of  any  special  organ  or  organs. 

This  view  of  the  mode  of  development  of  leucocytes  seems  to  be  established  by  the 
following  very  elegant  experiments  of  Onimus,  showing  that  corpuscles  may  be  devel- 
oped, under  favorable  conditions,  in  a  perfectly  clear,  homogeneous  blastema : 

Onimus  used  the  clear  fluid  taken  without  delay  from  rapidly-developed  blisters, 
which  he  found  ordinarily  contained  no  leucocytes,  but  which  he  carefully  filtered  in 
order  to  remove  all  sources  of  error.  The  filtered  liquid  contained  no  morphological 
elements ;  but,  on  the  other  hand,  ho  found  that,  if  the  liquid  were  allowed  to  remain 
for  an  hour  or  more  in  contact  with  the  derma,  it  always  contained  leucocytes  and  epi- 
thelial cells.  Under  these  circumstances,  even  after  filtration,  the  liquid  contained  a  few 
leucocytes ;  but,  after  six  or  seven  hours  of  repose  in  a  conical  vessel,  the  corpuscular 
elements  gravitated  to  the  bottom,  leaving  the  upper  portion  of  the  liquid  perfectly  clear. 
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Tins  liquid,  entirely  free  from  anatomical  elements,  was  enclosed  in  little  sacs  formed 
of  an  animal  membrane  (gold-beator's  skin)  and  introduced  under  the  skin  of  a  living 
-abbit  At  the  end  of  twelve  hours,  a  lew  small  leucocytes  and  granulations  had  made 
their  appearance;  at  the  end  of  twenty-four  hours,  the  fluid  had  become  somewhat 
opaque,  and  contained  a  large  number  of  leucocytes  and  grandations;  and,  at  the  end 
of  thirty-six  hours,  the  fluid  was  white,  milky,  and  composed  almost  entirely  of  leucocytes 
and  granulations.  The  leucocytes,  which  were  examined  also  by  Prof.  Rohm,  presented 
all  the  characters  by  which  these  corpuscles  are  ordinarily  recognized.  These  experi- 
ments were  repeated  with  more  than  forty  different  specimens  of  fluid  from  blisters 

The  experiments  were  then  varied  in  order  to  show  the  influence  of  the  membrane 
and  the  composition  of  the  blastema  upon  the  development  of  leucocytes.  By  modify- 
ing the  membrane  in  which  the  blastema  was  enclosed,  it  was  found  that  the  corpuscles 
were  rapidly  developed  in  proportion  to  the  activity  of  the  osmotic  action.  _  When  thick 
animal  membranes  were  used,  their  development  was  slow,  and,_in  some  instances,  did 
not  take  place  at  all.  There  was  no  development  of  leucocytes  m  a  clear  blastema  en- 
closed in  a  sac  of  caoutchouc  or  in  glass  tubes  hermetically  sealed ;  and  from  this  it  was 
concluded  that  osmotic  action  is  a  necessary  condition,  and  that  the  mere  heat  of  the 
body  is  not  suflicient  to  develop  these  corpuscles,  even  in  an  appropria  e  blastema  The 
inflaenceof  this  constant  molecular  movement  is  in  striking  contrast  to  the  conditions 
ofabsoTute  repose  which  are  so  essential  to  the  formation  of  crystals  from  ordinary 

^'^"Ztte  most  interesting  points  in  these  experiments  is  0— w,^^^^^^^^ 

enceof  the  composition  of  the  blastema  upon  '^\^^^'''^'^'-\'\'Z  X^^ 
found  that  these  bodies  were  never  developed  in  a  blastema  in  which  the  fibim  had  been 
cor^ula  ed  Experimenting  with  two  liquids,  the  only  diflference  in  their  constitution 
be  nfS  at  in  one  the  fibrin  had  been  coagulated  by  repeatedly  plunging  the  g  ass  tube  xn 
wS  t  was  contained  into  cool  water,  while  the  other  was  kept  a  the  oMinary  tem- 
ptr^u;  ,riittr^^^^^^^^^  of  soda  bemg  added  to  prevent  ^^^^^^g^ 
Ltleuc^cytesweredevelopedasusualint^^^^^^^^^^ 

u-r       ,  ittasll.  ?:at^Sl  was  redissolved.  but 

SlC'wtitsrirrtio,  ceUma  e  eellula,  receives  no_ support  ^om 

these  expe  iments  Onimus  added  to  fluids  which  had  been  deprived  of  ^^^^-^-^  ^  fZ 
Shells  and  pus-corpuscles,  but,  even  aiter  f^^^^Z^^t^ 
additional  development  of  corpuscular  elements,    ^^^'^^'/^f'      i  the  de- 

the  fibrinous  elements  were  unchanged  did  not  seem  to  exert  any  mfluence  upon 
velopment  of  new  corpuscles. 

digestion,  which,  as  they  were  supposed  to  take  Vfj^J^^  ,l,,Uy  are  little 

puscles,  have  been  called  elementary  B'-J-les  oi  -^P-f  Jd U  not  positively 
fatty  particles  of  the  chyle  which  come  from  the  '     ^seular  elements  of 

known  to  have  any  connection  with  the  formation  of  the  other  corpuscuia 

the  blood. 

Composition  of  the  Red  Corpuscles. 

The  red  corpuscles  of  the  blood  contain  ^  -^^^^  Ctm^o^Sn 
globuline,  combined  with  inorganic  principles  a-^l  -  ™g  -f^^^^^  ^L.s  contained 
of  the  leucocytes  has  not  been  accurately  ^  ^^^-  ^l^'^^'^,^"  pother  constituents, 
in  the  red  corpuscles  are  in  a  '^or^^}^'^'^''^ '^^^^^^^^^^  general  terms,  that 

and  can  only  be  separated  by  incineration.  ^ J^.^ J  ^^^f '^^^^^^^  cor- 
most,  if  not  all  of  the  various  inorganic  constituents  ot  the  plasma 
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puscles,  which  latter  are  particularly  rich  in  the  salts  of  potassn.  Iron  exists  in  the  col- 
oring matter  of  the  corpuscles.  In  addition,  the  corpuscles  contain  cholesterine,  lece- 
thine,  a  certain  amount  of  fatty  matter,  and  probably  some  of  the  organic  saline  princi- 
ples of  the  blood. 

GloiuUne.—IioWett,  by  alternately  freezing  and  thawing  blood  several  times  in  succes- 
sion in  a  platinum  vessel,  has  succeeded  in  separating  the  coloring  matter  from  the  red  cor- 
puscles. When  the  blood  is  afterward  warmed  and  liquefied,  the  fluid  is  no  longer  opaque, 
but  is  dark  and  transparent.  Microscopical  examination  then  reveals  the  corpuscles,  entire- 
ly decolorized  and  floating  in  a  red,  semitransparent  serum.  Denis  extracted  the  organic 
principle  of  the  corpuscles  by  adding  to  deflbrinated  blood  about  one-half  its  volume  of 
a  solution  of  chloride  of  sodium  containing  one  part  in  ten  of  water.  Allowing  this  to 
stand  for  from  ten  to  fifteen  hours,  there  appears  a  viscid  mass,  which  is  very  carefully 
washed  with  water  until  all  the  coloring  matter  and  the  salt  added  has  been  removed. 
The  whitish,  translucid  mass  which  remains  is  called  globuline.  Denis  has  also  ex- 
tracted a  small  quantity  of  fibrin  from  the  corpuscles.  Globuline  is  readily  extracted 
from  the  blood  of  birds,  but  is  obtained  with  difficulty  from  the  blood  of  the  human 
subject. 

EmmagloUne.—Th.\B  is  the  coloring  matter  of  the  red  corpuscles.  It  has  been  called 
by  different  writers,  hfemaglobuline  or  hEematocrystalline ;  but  the  crystals  called  hisma- 
tine  and  htematosine  are  derivatives  of  hasmaglobine  and  are  not  true  proximate  princi- 
ples. Hffimaglobine  may  be  extracted  from  the  red  corpuscles  by  adding  to  them,  when 
congealed,  ether,  drop  by  drop.  A  jelly-like  mass  is  then  formed,  which  is  passed  rap- 
idly through  a  cloth,  crystals  soon  appearing  in  the  liquid,  which  may  be  separated  by 
filtration.  (Gautier.) 

The  crystals  of  hsemaglobine  extracted  from  human  blood  are  in  the  form  of  four- 
sided  prisms,  elongated  rhomboids,  or  rectangular  tablets,  of  a  purplish-red  color.  They 
are  composed  of  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and  a  small  quantity  of 
iron.  They  are  soluble  in  water  and  in  very  dilute  alkaline  solutions,  and  the  haamaglo- 
bine  is  precipitated  from  these  solutions  by  ferrocyanide  of  potassium,  nitrate  of  mer- 
cury, chlorine,  or  acetic  acid.  The  proportion  of  this  coloring  matter  to  the  entire  mass 
of  blood  is  about  one  hxmdred  and  twenty-seven  parts  per  thousand.  It  constitutes 
from  -^f  to  ^  of  the  dried  corpuscles.  A  solution  of  hsemaglobine  in  one  thousand 
parts,  examined  with  the  spectroscope,  gives  two  dark  bands  between  the  letters  D  and 
E  in  Frauenhofer's  scale. 

Treated  with  oxygen  or  prepared  in  fluids  in  contact  with  the  air,  there  occurs  a 
union  of  oxygen  with  the  coloring  matter,  forming  what  has  been  called  oxyhasmaglobine. 
There  can  be  no  doubt  that  the  oxygen  enters  into  an  intimate,  though  rather  unstable 
combination  with  htemaglobine,  and  this  is  an  important  point  to  be  considered  in  con- 
nection with  the  absorption  of  oxygen  by  the  blood  in  respiration'.  A  solution  of  oxy- 
hoemaglobine  presents  a  diflPerent  spectrum  from  a  solution  of  pure  hromaglobine.  If 
wo  examine  a  solution  of  oxyhesmaglobine  with  the^  spectroscope  and  then  discharge 
the  oxygen  by  prolonged  ebullition  in  a  vacuum,  the  characteristic  bands  of  pure  hsBma- 
globine  make  their  appearance.  The  union  of  oxygen  with  hjemaglobine  is  unstable  and 
the  oxgen  can  he  removed  by  a  current  of  hydrogen,  nitrous  oxide,  or  carbonic  acid.  A 
current  of  carbonic  oxide  displaces  the  oxygen,  and  the  carbonic  oxide  forms  a  very  sta- 
ble combination  with  the  coloring  matter.  It  is  well  known  that  carbonic  oxide  is  a 
very  poisonous  gas,  which  becomes  fixed  in  the  corpuscles  so  that  they  become  inca- 
pable of  absorbing  oxygen. 

According  to  recent  observations,  oxygen  combined  with  haamaglobine  exists  in  the 
condition  of  ozone.    A  solution  of  oxyhoBmaglobine  is  readily  decomposed  by  a  current 
of  sulphuretted  hydrogen,  forming,  like  ozone,  water  and  a  precipitate  of  sulphur. 
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Iltematine  may  be  produced  by  decomposition  of  bsemaglobine,  by  a  process  ■which 
it  is  not  necessary  to  describe,  as  the  hoaraatine  is  not  a  proximate  principle.  Hajmatoi- 
dine  is  also  a  product  of  decomposition  of  bsenmglobine,  but  it  does  not  contain  iron. 
Hajmatoidine  is  more  interesting,  however,  from  the  fact  that  it  is  frequently  found  in 
old  clots  that  have  been  long  extravasated  in  the  tissues.  Eobin  found  a  notable  quan- 
tity of  crystals  of  hxematoidine  in  a  cyst  of  the  liver. 

Assuming,  as  we  certainly  may,  that  the- 
blood  furnishes  material  for  the  nourishment 
of  all  the  tissues  and  organs,  we  should  ex- 
pect to  find  entering  into  its  composition  all 
the  proximate  principles  existing  in  the  body 
which  undergo  no  change  in  nutrition,  like 
the  inorganic  principles,  and  organic  matters 
capable  of  being  converted  into  the  organic 
elements  of  every  tissue.  Farthermore,  as 
the  products  of  waste  are  all  taken  up  by  the 
blood  before  their  final  elimination,  these  also 
should  enter  into  its  composition.  With  these 
facts  in  our  minds,  we  can  readily  appreciate 
the  importance  of  accurate  proximate  ana- 
lyses of  the  circulating  fluid. 

Notwithstanding  the  immense  amount  of 
labor  bestowed  by  the  most  eminent  chemists 
of  the  day  upon  the  quantitative  analysis  of 
the  blood,  and  the  great  physiological  interest 
attaching  to  every  advance  in  our  knowledge 
in  this  direction,  the  chemical  difficulties  in- 
volved are  so  great,  that  even  now  there  are 
no  analyses  which  give  the  exact  quantities 
of  each  of  its  inorganic  constituents.  This  is 
owing  to  the  great  difficulty  in  the  analysis  of 
any  fluid  in  which  inorganic  and  organic  prin- 
ciples are  so  closely  united ;  for  there  is  no 
more  delicate  problem  in  analytical  chemistry 
than  the  determination  of  the  presence  and  the 
proportions  of  inorganic  substances  united  with 
brganic  matter.  Of  the  animal  fluids  which  are  easily  obtained,  the  blood,  from  the  large 
pl^portion  of  difi-erent  organic  principles  which  enter  into  its  composi  ion,  pi-esents  the 
SeTes  difficulties  to  the  analytical  chemist.  Another  difficulty  is  the  necessity  of  a 
froSmate  and  not  a.  ultimate  analysis.  It  is  not  sufficient  to  give  the  ~t  of  cer- 
tain chem^ical  elements  which  the  blood  contains;  we  must  ascertam  the  amount  of 
hese  elements  in  the  state  of  union  with  each  other  to  form  proximate  principles 

MosrS  the  constituents  of  the  blood  are  found  both  in  the  corpuscles  and  plasma. 
It  is  difficult  to  determine  all  of  the  different  constituents  o  these  two  parts  o  the  blood 
It  has  been  shown,  however,  by  Schmidt,  of  Dorpat,  that  the  P^-P"  ^^^^^^^^ 
abundant  in  the  globules,  while  the  fatty  acids  are  more  'l^'l^''^^^^^ 
salts  with  a  potash-base  have  been  found  by  the  same  observer  to  exist  almost  ent  re  y 
in  the  corpu  cles,  and  the  soda-salts  are  four  times  more  abundant  in  t^^"^  P^^^^  ^^^^^^ 
the  corpuscles    In  addition  to  the  nutritive  principles,  we  have,  entering  mto  the  com 
position  of  the  2ol  urea,  cholesterine,  urate  of  soda,  creatine,  crcatmme  and  other 
^u  Sane  s       characters  of  which  are  not  yet  fully  determined,  ^^longmg  o  t^^^^^^^^^^^^^ 
of  excrementitious  principles.    Their  consideration  comes  more  ^^^rovru^^^J^^^^^ 
head  of  excretion,  and  they  will  be  fully  taken  up  in  the  chapters  devoted  to  that  subject. 


Fig.  "!.— Crystallized  hmmaglobine.  (Gautier.) 
a  6  crystals  ft-oin  the  venous  blood  of  man ;  c,  blood 
of  the  cat ;  (Z,  blood  of  the  Guinea  pig  \  e,  blood 
of  the  marmot ;  /,  blood  of  the  squiirel.  ■  (Gau- 
tier.) 
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Analysis  of  the  Blood. 

In  the  analyses  given  in  the  older  works  on  physiology,  the  blood,  having  been  divided 
into  plasma  and  corpuscles,  was  supposed  to  contain,  in  the  plasma,  two  organic  prmci- 
ples  called  albumen  and  fibrin.  Kecent  investigations,  however,  have  shown  that  the 
organic  constituents  of  the  plasma  are  more  complex ;  and  the  more  modern  analyses  of 
the  blood  give  other  organic  principles,  which  have  been  separated  by  new  methods. 
As  these  have  been  very  generaUy  accepted  by  modern  writers,  it  becomes  necessary  to 
describe  them  in  detail,  and  we  shaU  adopt  the  new  nomenclature,  as  far  as  the  different 
organic  principles  have  been  established  by  definite  observations.  An  argument  in  favor 
of  "this  subdivision  of  the  matters  formerly  recognized  as  fibrin  and  albumen  is  the  fact, 
which  has  long  been  apparent,  that  the  organic  constituents  of  the  blood,  particularly 
albumen,  are  known  to  possess  certain  peculiar  properties  which  distinguish  them  from 
these  principles  as  they  are  found  elsewhere.  The  following  table,  which  we  have  care- 
fuUy  compiled  from  recent  authorities,  particularly  Eobin,  gives  approximatively  the  quan- 
tities of  the  different  constituents  of  the  blood-plasma.  These  may  be  divided  into  the 
followmg  classes:  1.  Inorganic  principles ;  2.  Organic  saline  principles;  3.  Organic  non- 
nitrogenized  principles ;  4.  Excrementitious  matters;  5.  Organic  nitrogenized  principles.. 
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1-500  parts  per  1,000. 
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Composition  of  the  Blood-Plasma. 

Specific  gravity,  1,028. 

Water,  VYg  parts  per  1,000  in  the  male ;  791  parts  per  1,000  in  the  female, 
Chloride  of  sodium,  3  to  4  parts  per  1,000. 
"       "  potassium,  0'359  parts  per  1,000. 
"       "  ammonium,  proportion  not  determined. 
Sulphate  of  potassa,  0'288  parts  per  1,000. 

"      "  soda,  proportion  not  determined. 
Carbonate  of  potassa,    "        "  " 

"       "  soda  (with  bicarbonate  of  soda),  1'200  parts  per  1,000. 
"        "  lime,  proportion  not  determined. 
"        "  magnesia,    "      "  " 
Phosphate  of  lime  of  the  bones,  and  neutral  phosphate, 
"        "  magnesia, 
"        "  potassa, 
"       "  iron  (probable), 
Basic  phosphates  and  neutral  phosphate  of  soda, 
Silica,  copper,  lead,  and  magnesia,  traces  occasionally. 
Lactate  of  soda,  proportion  not  determined. 

"      "  Ume  (probable),  proportion  not  determmed. 
Pneumate  of  soda,  "         "  " 

Oleate  of  soda, 
Margarate  of  soda, 
Stcarate    "  " 
Valerate    "  " 
Butyrate    "  " 
Olcine, 
Margarine, 
Stcarine, 

Lecethine,  containing  nitrogen  and  called  phosphorized  fatty  matter,  0'400  parts  per  1,000. 
Glucose,  0-002  parts  per  1,000. 
Glycogenic  matter,  proportion  not  determined. 
^  Inosite  (muscles),  "         "  " 
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Carbonic  acid  in  solution.  ,   „  ,         ,  • 

Urea,  0177  parts  per  1,000,  in  arterial  blood;  0'088,  in  the  blood  of  the  renal  vein. 
Urate  of  soda,  proportion  not  determined. 

"     "  potassa  (probable),  proportion  not  determined. 

■  "  lime, 
"     "  magnesia, 
"     "  ammonia, 
Sudorates  of  soda,  etc.,  "  " 

Inosates, 
Oxalates, 

.  .  (I        II  II 

Creatinine, 

^      .  ((        II  II 

Leucine, 

,  .  11        11  " 

Hypoxanthine, 

Cholestcrine,  0-455  to  0'751  parts  per  1,000,  in  the  entire  blood. 

(  Fibrin,  3  parts  per  1,000. 
Plasmine,  26  parts  (dried)  per  1,000.  i   Metalbumen,  22  parts  per  1,000. 

Serine,  63  parts  (dried)  per  1,000. 

(Moist  fibrin,  8-820  parts  per  1,000,  in  the  entire  blood. 

Metalbumen  and  serine  constitute  the  albumen  of  the  older  analyses  Albumen, 
about  76  parts  [dried]  and  330  parts  [moist]  per  1,000,  in  the  entire  blood.) 
Peptones,  4  parts  (dried)  and  28  parts  (moist)  per  1,000.  _ 
Coloring  matters  of  the  plasma,  proportion  and  characters  not  determmed. 

We  shall  take  the  above  table  as  a  guide  for  our  study  of  the  individual  coastituents 

which  are  taken  up  by  the  blood  or  conveyed  to  the  blood  vessel,  b  y  p  ^^^^^ 
exist  in  the  blood  in  small  quantity,  and  are  ^^^^     is  the  expla- 

by  the  different  excreting  organs.    Their  constant  ^'^^'^J'^rm^S  Mid.  tLv 
nation  of  the  excessively  minute  proportion  m  ^^^^^^^/J^^^f^f      .'e  L^. 
relations  to  the  organism  wiU  be  fully  -^-^-f^  ^  ^  oftlf  pro^ 

Excluding,  then,  for  the  present  all  co-id  ration  of  tiae  prod  ^^^^ 
we  have  to  study  the  various  constituents  of  the  blood  maz 

concerned  in  nutrition.  _    „„„ofU„f,Titci  of  the  organism,  called  proxi- 

Physiological  chemists  recognize  certain  «°°f  ^^^-^^f '  °  ^     ni^re  frequently 

mate  principles,  which  may  be  elementary  ^^'^''''''''^^^2'^^^^^^^  the 

compounds.'  We  speak  of  f^f^^'^^.^^oZlZrcZC^^^^  ^° 
blood,  because,  as  chloride  of  sodium,  it  gives  to  the  ^^"^^^f™  ^  .  ^       because  they 

regard  the  chemical  element,  cMo-e  and^^^^^^^^^^^^^^  ^ 

do  not  exist  in  the  blood  uncombined.  f  ^^1^'    P'°'''™"X,^,.\n  the  blood,  certain 

element,  as  in  the  case  of  oxygen,  which,  as  oxygen,  peifoims,  m 

important  functions.  ,  „  •  p^Wn  wo  mav  regard  as  a  proximate 

Adopting,  in  the  main,  the  definition  given  by  Eobm,  we  may  rcfc 
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principle,  a  substance  extracted  from  the  body,  winch  cannot  be  subdivided  witliout 
chemical  decomposition  and  loss  of  certain  oharactenstic  properties.  This  definition 
will  apply  to  all  classes  of  proximate  principles,  organic  as  well  as  inoi-ganic  _ 

Takin-  as  a  basis,  the  classification  proposed  by  Robin,  we  may  divide  the  proximate 
principles°of  the  blood,  and,  indeed,  of  the  entire  organism,  as  follows  ■ 

1  Inorganic  Princvples.-1h.xB  class  is  of  inorganic  origm,  definite  chemical  compo- 
sition and  crystallizable.  The  substances  forming  it  are  aU  introduced  from  without, 
and  are  all  discharged  from  the  body  in  the  same  form  in  which  they  entered  They 
never  exist  alone,  but  are  always  combined  with  the  organic  prmciples,  to  form  the 
organized  fluids  or  soUds.  This  union  is  "  atom  to  atom,"  and  so  mtimate  that  they  are 
taken  up  with  the  organic  elements,  as  the  latter  are  worn  out  and  become  eflfete,  and 
are  discharged  from  the  body,  although  themselves  unchanged.  To  supply  the  place  of 
the  principles  thus  thrown  off,  a  fresh  quantity  is  deposited  in  the  process  of  nutrition. 
They  -ive  to  the  various  organs  important  properties;  and,  although  identical  with  sub- 
stance! in  the  inorganic  world,  in  the  interior  of  the  body,  they  behave  as  organic  sub- 
stances. They  require  no  special  preparation  for  absorption,  but  are  soluble  and  taken 
in  unchanged.  They  are  received  into  the  body  in  about  the  same  proportion  at  all 
periods  of  life,  but  their  discharge  is  notably  diminished  in  old  age,  giving  rise  to  cal- 
careous incrustations  and  deposits  and  a  considerable  mcrease  in  the  calcareous  matter 
entering  into  the  composition  of  the  tissues.  As  examples  of  this  class  we  may  cite 
water,  chloride  of  sodium,  the  carbonates,  sulphates,  phosphates,  and  other  morgamc 
salts. 

The  functions  of  water  in  the  blood  are  sufficiently  evident.  It  acts  as  a  solvent  for 
the  inorganic  salts,  the  organic  salts,  and  the  excrementitious  matters.  In  conjunction 
with  the  nitrogenized  principles,  it  constitutes  a  medium  in  which  the  corpuscles  are  sus- 
pended without  solution. 

The  various  salts  enumerated  in  the  table  exist  in  solution  in  water  and  are  more  or 
less  intimately  combined  with  the  coagulable  organic  principles.  Of  these,  the  chloride 
of  sodium  is  the  most  abundant.  It  undoubtedly  has  an  important  function  in  giving 
density  to  the  plasma  and  in  regulating  the  processes  of  endosmosis  and  exosmosis.  In 
connection  with  the  organic  salts  and  crystallizable  excrementitious  matters,  it  may  be 
stated,  in  general  terms,  that  the  blood  contains  from  14  to  10  parts  per  1,000  of  matters 
in  actual  solution,  of  which  from  6  to  8  parts  consist  of  inorganic  salts.  The  presence  of 
these  principles  in  solution,  with  the  organic  coagulable  principles,  prevents  the  solution 
of  the  corpuscular  elements  of  the  blood.  The  presence  of  the  chlorides  and  the  alka- 
line sulphates  assists  in  dissolving  the  sulphates,  carbonates,  and  the  calcareous  phos- 
phates. A  portion  of  the  carbonates  and  phosphates  are  decomposed  in  the  system  and 
furnish  bases  for  certain  of  the  organic  salts,  such  as  the  lactates,  urates,  etc. 

2.  Organic  Saline  Principles. — These  principles  are  for  the  most  part  formed  in  the 
organism,  and  they  exist  in  the  blood  in  very  small  quantity.  The  lactates  are  probably 
produced  by  decomposition  of  a  portion  of  the  bicarbonates  and  the  union  of  the  bases 
with  lactic  acid,  the  lactic  acid  resulting  from  a  change  of  a  portion  of  the  saccharine 
matter  in  the  blood.  The  pneumate  of  soda  is  the  result  of  the  union  of  pneumic  acid, 
an  acid  principle  found  in  the  lungs,  with  the  base.  The  physiological  relations  of  these 
principles  are  little  understood.  The  salts  formed  by  the  union  of  fatty  acids  with  bases 
arc  probably  produced  by  decomposition  of  the  fatty  prmciples,  a  great  part  of  which  is 
derived  from  the  food. 

3.  Organic  Non-nitrogenized  Principles.— Th^se,  usually  exist  in  the  blood  in  small 
quantity  and  are  derived  mainly  from  the  food.  Lecethine,  although  it  contains  nitrogen, 
is  introduced  into  this  class  because  it  presents  many  of  the  properties  of  the  fats.  It 
exists  in  the  blood,  bile,  nervous  substance,  and  the  yolk  of  egg.  This  principle  is  sup- 
posed by  Robin  to  be  almost  identical  with  protagon.  Its  chemical  properties  and 
physiological  relations  are  not  well  understood.    The  saccharine  principles  and  glyco- 
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gonic  matter  are  derived  in  part  from  the  food  and  in  part  from  the  liver,  where  sugar 
and  glycogenic  matter  are  manufactured.  They  are  of  organic  origin,  definite  chemical 
composition,  and  crystaUizahle.  The  fats  and  sugars  are  distinguished  from  other  or- 
ganic principles  hy  the  fact  that  they  are  composed  of  carhon,  hydrogen,  and  oxygen. 
In  the  sugars,  the  hydrogen  and  oxygen  exist  in  the  proportion  to  form  water,  which 
fact  has  given  them  the  name  of  hydrocarbons  or  hydrates  of  carbon.  The  principles 
of  this  class  play  an  important  part  in  development  and  nutrition.  One  of  them,  sugar, 
appears  very  early  in  foetal  life,  formed  first  by  the  placenta,  and  afterward  by  the  liver, 
its  formation  by  the  latter  organ  continuing  dm-ing  life.  Fat  is  a  necessary  element  of 
food  and  is  also  formed  in  the  interior  of  the  body.  The  exact  influence  which  these 
substances  have  on  development  and  nutrition  is  not  known;  but  experiments  and  obser- 
vation have  shown  that  this  influence  is  important.  They  will  be  considered  more  fully 
under  the  head  of  nutrition.  _ 

4  Excrementitious  Matters.-K  full  consideration  of  these  principles,  which  are  all 
formed  by  the  process  of  disassimilation  of  the  tissues  and  are  taken  up  by  the  blood  to 
be  eliminated  by  the  proper  organs,  belongs  to  excretion.  The  relations  of  carbomc 
acid  to  the  system  will  be  fully  considered  in  connection  with  respiration. 

5  Orqanic  Nitrogenized  Principles. -Hhi^  class  of  proximate  principles  is  of  organic 
origin  indefinite  chemical  composition,  and  non-crystallizable.  Substances  formmg  this 
class  are  apparently  the  only  principles  which  are  endowed  with  so-called  vital  properties, 
taking  materials  for  their  regeneration  from  the  nutritive  fluids  and  appropnatmg  them  to 
form  part  of  their  own  substance.  Considered  from  this  point  of  view,  they  are  differ- 
ent from  any  thing  which  is  met  with  out  of  the  living  body.  They  are  a  ,  in  the  body, 
in  a  state  of  continual  change,  wearing  out  ,nd  becoming  effete,  when  they  are  trans- 
formed into  excrementitious  substances.  The  process  of  repair  m  this  instance  is  not 
the  same  as  in  inorganic  substances,  which  enter  and  are  discharged  from  the  body  with- 
ou  undergoing  any  change.  The  analogous  substances  which  exist  in  -dergo  a 
very  elaborate  preparation  by  digestion,  before  they  can  even  be  ^^^^'^f^^'^'^^^^^^^^ 
vessels  •  and  stUl  another  change  takes  place  when  they  are  appropriated  by  the  vauou 
rsues    They  exist  in  all  the  solids,  semisolids,  and  fluids  of  the  body  never  alone  but 

in  accordance  with  which  they  are  regulated, 
in  detail. 
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J.  ,1      /lopnntntion-  to  the  plasma  is  added  an  excess  of  pul- 

the  plasma  may  be  separated  ^^^/f^^.^'^^Xy  subs^^^^^^^^  is  precipitated,  which  is  plas- 
vpri 70(1  chloride  of  sodmm,  when  a  sott,  pulpy  suDstauco  IS  p  ^  i         ,  i 

verued  ch  oriae  ,  ^  proportion  of  about  twenty-five  parts 

corn,  m  tne  way  m  i       substance  which  remains  in  solution,  dissolved 

B^  rt^X'of  rpi^^^^^^^^^^  of  Denis  is  called  metal- 

nrrd"DiSs;;W^  pri-iple  of  the  blood  and,  after  extrac^ 

tionTt" Uss  JusLescribed,  ~-t"rm^^^:^^^^^^^^^ 

s^rrrurnisi^^LXt^^^^^^^^ 

Tcolgulate  ordinary  albumen.  The  proportion  of  ^^'^\^f''^Zl  Vl^tll 
lont  twenty-t^o  parts  per  thousand.    The  proportion  of  dried  hbnn  is  about  thiee 

'"X  thTrttction  of  plasmine  from  the  blood,  another  coagulable  substance  re- 
maitf  wMch  is  called  serme'  This  is  coagulated  by  heat,  the  strong  mmeral  acids  and 
Isolute  alcohol,  but  is  not  coagulated  by  ether,  which  coagulates  f^^^ll  tZ  ^l 
of  eaa  Serine  bears  a  close  resemblance  to  ordinary  albumen,  but  is  stated  to  be  much 
moS'osmot^c    Its  proportion,  desiccated,  in  the  blood  is  about  fifty-three  parts  per 

^''"Wetamiot  admit  the  existence  of  new  coagulable  principles  in  the  blood  unless  it  be 
shown  that  the  processes  by  which  they  are  extracted  do  ^^Tf  "nfsZ  totvolve 
established  proximate  constituents.    The  processes  just  ^^^^'ll'^^^^J^^^^^ 
artificial  decomposition.    It  is  perfectly  proper,  in  analyzing  the  blood,  o  Pr^vent  spon 
taneous  coaguktion  by  the  addition  of  the  sulphate  of  soda  as  f  ^^^^f^^^^^^^ 
the  blood  fii^id  without  apparently  changing  its  organic  constituents,  pi™ 
simply  precipitated  by  the  chloride  of  sodium.    It  is  evident,  also,  tha  ^^^^^^^^^"^^ 
called  metalbumen,  being  coagulated  by  sulphate  of  magnesia,  is  ^'/^^ 
serine  also  presents  some  important  points  of  diiference  from  ^^b^^^, 
existence,  then,  of  plasmine  and  serine,  it  is  important  to  ^^^^^-^/.^^.^^^^ 
ters  of  these  principles  as  compared  with  what  were  formerly  called  fibrm  and  albumem 
Instead  of  fibrin  and  albumen  in  the  blood,  we  now  recogmze  two  new  principles  in 
the  natural  condition  of  the  circulating  fluid,  which  are  called  plasmine  and  ^enne.    i  ie 
substance  known  as  fibrin  is  one  of  the  products  of  decomposition  of  plasmme  Metal- 
bumen and  serine  constitute  what  was  formeriy  called  albumen,  /^l^""^  .^^       "  J  J^^, f 
mate  principle,  but  is  formed  in  the  spontaneous  decomposition  of  plasmme  Metalbu- 
Tn  is  theUer  product  of  decomposition  of  plasmine    The  of  arterial^ 

has  long  been  known  to  differ  somewhat  from  the  fibrin  of  venous  blood,  when  the  blood 
C  befn  allowed  to  coagulate  spontaneously.  Arterial  fibrin  is  insoluble  m  a  solution 
of  chloride  of  sodium  which  will  dissolve  the  fibrin  of  venous  blood. 

Peptones,  etc.- A  certain  quantity  of  nitrogenized  matter,  distinct  from  the  Pi-Jnciples 
just  described,  has  been  extracted  from  the  blood,  which  is  analogous  P^P 
aibummose.  This  is  separated  by  coagulating  the  serum  of  the  blood  with  hot  acet  c 
acid  and  filtering,  when  the  peptones  pass  through  in  the  filtrate.  These  P""<^'Pl<;«^  ^ 
probably  derived  from  the  food.  Their  proportion  in  the  plasma  is  about  four  paits, 
dried,  per  thousand,  or  twenty-eight  parts  before  desiccation. 

A  small  quantity  of  coloring  matter  exists  in  the  plasma.  If  we  separate  the  corpus- 
cles as  completely  as  possible,  the  clear  liquid  still  has  a  reddish-amber  color  Tins  co  - 
oring  matter  has  never  been  isolated  and  studied.  It  is  analogous  to  the  coloring  mat- 
tors  of  the  red  corpuscles,  the  bile,  and  the  urine. 
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In  addition  to  tbe  organic  nitrogenized  principles  whicli  we  have  described,  Bomo 
authors  recognize  a  substance  called  paraglobuline,  or  fibrinoplastic  matter,  and  fibrino- 
genic  matter.  These  are  supposed  to  be  factors  of  fibrin,  which  come  together  in  the 
coagulation  of  the  blood.  They  will  be  considered  in  connection  with  the  theories  of 
coagulation.  The  so-called  albuminates  of  soda  and  potassa  have  not  been  positively 
established  as  proximate  principles. 


Coagulation  of  the  Blood, 

The  remarkable  property  in  the  blood  of  spontaneous  coagulation  has  been  recog- 
nized almost  as  far  back  as  we  can  look  into  the  history  of  physiology ;  and,  since  the 
discovery  of  the  circulation,  there  have  been  few  subjects  connected  with  the  physiology 
of  the  blood  which  have  excited  more  universal  interest ;  but  the  ideas  with  regard  to 
the  cause  of  this  phenomenon  were  for  a  long  time  entirely  speculative.  The  first  defi- 
nite experiments  upon  this  subject  were  performed  by  Malpighi.  He  was  followed  by 
Borelli,  Ruysch,  and  a  host  of  others,  who  hold  conspicuous  places  in  the  history  of  our 
science,  among  whom  may  be  mentioned  Hunter,  Hewson,  Miiller,  Thackrah,  J.  Davy, 
Magendie,  Nasse,  and  Dumas.  Although  much  labor  has  been  expended  on  this  subject, 
the  final  cause  of  coagulation  is  by  no  means  definitely  settled. 

The  blood  retains  its  fiuidity  while  it  remains  in  the  vessels  and  circulation  is  not 
interfered  with.  It  is  then  composed,  as  we  have  seen,  of  a  clear  plasma,  holding  cor- 
puscles in  suspension.  Shortly  after  the  circulation  is  interrupted,  or  after  blood  is 
drawn  from  the  vessels,  it  coagulates  or  "  sets  "  into  a  jelly-like  mass.  In  a  few  hours, 
we  find  that  contraction  has  taken  place,  and  a  clear,  straw-colored  fluid  has  been  ex- 
pressed, the  blood  thus  separating  into  a  solid  portion,  the  crassamentum,  or  clot,  and  a 
liquid,  which  is  called  serum.  The  serum  contains  all  the  elements  of  the  blood  except 
the  red  corpuscles  and  fibrin,  which  together  form  the  clot.  Coagulation  takes  place  in 
the  blood  of  all  animals,  commencing  a  variable  time  after  its  removal  from  the  vessels. 
In  the  human  subject,  according  to  Nasse,  when  the  blood  is  received  into  a  moderately- 
deep,  smooth  vessel,  the  phenomena  of  coagulation  present  themselves  in  the  foUowmg 

order :  •    i.  a 

First,  a  gelatinous  pellicle  forms  on  the  surface,  which  occurs  in  from  one  mmute  and 
forty-five  seconds  to  six  minutes;  in  from  two  to  seven  minutes,  a  gelatinous  layer  has 
formed  on  the  sides  of  the  vessel ;  and  the  whole  mass  becomes  of  ajelly-like  consistence,  m 
from  seven  to  sixteen  minutes.  Contraction  then  begins,  and,  if  we  watch  the  surface 
of  the  clot,  we  see  little  drops  of  clear  serum  making  their  appearance.  This  fluid  in- 
creases in  quantity,  and,  in  from  ten  to  twelve  hours,  separation  is  complete.  The  clot, 
which  is  heavier,  sinks  to  the  bottom  of  the  vessel,  unless  it  contain  bubbles  of  gas  or 
the  surface  be  very  concave.  In  most  of  the  warm-blooded  animals,  the  blood  coagulates 
more  rapidly  than  in  man.  It  is  particularly  rapid  in  the  class  of  birds,  m  some  of  which 
it  takes  place  almost  instantaneously.  Observations  have  shown  that  coagulation  is  more 
rapid  in  arterial  than  in  venous  blood.  In  the  former,  the  proportion  of  fibrin  formed  is 
notably  greater,  and,  as  we  have  seen,  the  characters  of  the  fibrin  are  somewhat  difter- 
ent.  A  solution  of  chloride  of  sodium  dissolves  the  fibrin  of  venous  blood,  but  does  not 
dissolve  the  fibrin  of  an  arterial  clot.  •    ,  j  • 

The  relative  proportions  of  the  serum  and  clot  are  very  variable,  unless  we  include  in 
our  estimate  of  the  serum  that  portion  which  is  retained  between  the  meshes  of  the  coag- 
ulated mass.  As  the  clot  is  composed  of  corpuscles  and  fibrin,  and  as  these  m  then- 
moist  state  represent  in  general  terms  about  one-half  of  the  blood,  it  may  be  stated 
that,  after  coagulation,  the  actual  proportions  of  the  clot  and  serum  are  about  equal 
If  we  take  simply  the  serum  which  separates  spontaneously,  we  have  a  large  quantity 
when  the  clot  is  densely  contracted,  and  a  very  small  quantity  when  it  is  loose  and 
soft.    Usually,  the  clot  retains  about  one-fifth  of  the  serum. 
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Characters  of  the  Clot.— On.  removing  tlie  clot,  after  the  separation  of  the  serum  is 
complete,  it  presents  a  gelatinous  consistence,  and  is  more  or  less  firm,  according  to  the 
den-ree  of  contraction  which  has  taken  place.  As  a  general  rule,  when  coagulation  has 
been  rapid,  the  clot  is  soft  and  but  slightly  contracted.  When,  on  the  other  hand,  coagu- 
lation has  been  slow,  it  contracts  for  a  long  time  and  is  much  denser.  When  coagulation 
i?  slow,  the  clot  frequently  presents  what  is  known  as  the  cupped  appearance,  having  a 
concave  surface,  a  phenomenon  which  depends  merely  on  the  extent  of  its  contraction. 
It  also  presents  a  marked  difference  in  color  at  its  upper  portion.  The  blood  having 
remained  fluid  for  some  time,  the  red  corpuscles  settle,  by  virtue  of  their  greater  weight, 
leaving  a  colorless  layer  on  the  top.  This  is  the  buffy-coat  spoken  of  by  some  authors. 
Although  this  frequently  presents  itself  in  the  blood  drawn  in  inflammations,  it  is  by  no 
means  pathognomonic  of  this  condition,  and  is  liable  to  occur  whenever  coagulation  is 
slow  or  has  been  retarded  by  artificial  means.  It  is  always  present  in  the  blood  of  the 
horse.  Examined  microscopicaUy,  the  buffy-coat  presents  fibrils  of  coagulated  fibrin 
with  some  of  the  white  corpuscles  of  the  blood.  On  removing  a  clot  of  venous  blood 
from  the  serum,  the  upper  surface  is  florid  from  contact  with  the  air,  while  the  rest  of  it 
is  dark ;  and.  on  making  a  section,  if  the  coagulation  have  not  been  too  rapid,  the  gravi- 
tation of  the  red  corpuscles  is  apparent.  The  section,  which  is  at  first  almost  black,  soon 
becomes  red  from  contact  with  the  atmosphere.  If  the  clot  be  cut  into  small  pieces,  it 
will  undergo  farther  contraction,  and  express  a  part  of  the  contained  serum.  If  the  clot 
be  washed  under  a  stream  of  water,  at  the  same  time  kneading  it  with  the  fingers,  we 
may  remove  almost  all  the  red  corpuscles,  leaving  the  meshes  of  fibrin,  which,  on  micro- 
scopical examination,  presents  the  fibrillated  appearance  to  which  we  have  already  referred. 

Characters  of  the  Serum.— After  coagulation,  if  the  serum  be  carefully  removed,  it 
is  found  to  be  a  fluid  of  a  color  varying  from  a  light  amber  to  quite  a  deep,  but  clear  red. 
This  depends  upon  a  peculiar  coloring  matter  which  has  never  been  isolated.  The  specific 
gravity  of  the  serum  is  about  1028,  somewhat  less  than  that  of  the  entire  mass  of  blood. 
It  contains  all  the  principles  found  in  the  plasma,  or  hquor  sanguinis,  with  the  exception 
of  the  elements  of  fibrin.  It  can  hardly  be  called  a  physiological  fluid,  as  it  is  formed 
only  after  coagulation  of  the  blood  and  never  exists  isolated  in  the  body.  The  effusions 
which  are  commonly  called  serum,  although  they  resemble  this  fluid  in  some  particulars, 
are  not  identical  with  it,  being  formed  by  a  process  of  transudation  rather  than  separa- 
tion from  the  blood,  as  in  coagulation.  The  serum  must  not  be  confounded  with  the 
plasma  or  liquor  sanguinis,  which  is  the  natural  clear  portion  of  the  blood. 

Coagulating  Principle  of  the  Blood. — Acquainted,  as  we  are,  with  the  properties  of 
fibrin,  it  is  evident  that  this  substance  is  the  agent  which  produces  coagulation  of  the 
blood.  In  fact,  whatever  coagulates  spontaneously  is  called  fibrin,  and  whatever  requires 
some  agent  to  produce  this  change  of  consistence  is  called  by  another  name.  But,  before 
the  properties  of  fibrin  were  fully  understood,  the  question  of  the  coagulating  principle 
was  a  matter  of  much  discussion.  Malpighi  was  probably  the  first  to  isolate  fibrin,  which 
he  did  by  washing  the  clot  in  a  stream  of  water,  which'removed  the  corpuscles  and  left  a 
whitish,  fibrous  net-work.  His  experiments  are  set  forth  in  an  article  in  which  he  at- 
tempted to  show  that  the  so-called  polypi  of  the  heart  were  formed  of  fibrin,  although  it 
was  not  then  called  by  that  name.  These  observations  were  soon  confirmed  by  others ; 
and  it  then  became  a  question  whether  this  substance  existed  as  a  fluid  in  the  liquor  san- 
guinis, or  was  furnished  by  the  corpuscles  after  the  removal  of  blood  from  the  vessels. 
This  was  decided  by  Hewson,  whose  simple  and  conclusive  experiments  leave  no  doubt 
that  coagulation  of  the  blood  is  duo  to  fibrin,  and  that  this  substance  is  entirely  distinct 
from,  and  independent  of  the  corpuscles.  This  observer,  taking  advantage  of  the  prop- 
erty possessed  by  certain  saline  substances  of  preventing  the  coagulation  of  the  blood, 
was  the  first  to  separate  the  liquor  sanguinis  from  the  corpuscles.    He  mixed  fresh  blood 
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with  a  little  sulphate  of  soda,  which  prevented  coagulation,  and,  after  the  mixture  had 
been  allowed  to  stand  for  a  time,  the  corpuscles  gravitated  to  the  bottom  of  the  vessel. 
The  clear  fluid  was  then  decanted  and  diluted  with  twice  its  quantity  of  water,  when 
fibrin  became  coagulated.  .  tt„  „„„ 

The  facts  thus  demonstrated  by  Hewson  were  confirmed  by  MtiUer,  m  1832.  He  suc- 
ceeded in  separating  the  plasma  from  the  corpuscles  in  the  blood  of  the  frog  by  simple 
filtration,  first  diluting  it  with  a  saccharine  solution.  The  great  size  of  the  corpuscles  m 
this  animal  prevents  their  passage  through  a  filter,  and  the  clear  fluid  which  is  thus  sepa- 
rated soon  forms  a  colorless  coagulum.  ^       , ,    ,  .  , 

From  these  observations,  it  is  evident  that  the  coagulation  of  the  blood  is  due  to  the 
formation  of  fibrin.  Coagulation  of  this  substance  first  causes  the  whole  mass  of  blood 
to  assume  a  gelatinous  consistence;  and,  by  virtue  of  its  contractile  properties,  it  soon 
expresses  the  serum,  while  the  red  corpuscles  are  retained.  One  of  the  causes  which 
operl  to  retain  th;  corpuscles  in  the  clot  is  the  adhesive  matter  which  covers  their 
surface  after  they  escape  from  the  vessels,  which  produces  the  arrangement  m  rows  like 
Ss  of  coin  which  we  have  already  noted  under  the  head  of  microscopical  appearances 
TMs  undoubtedly  prevents  those  which  are  near  the  surface  from  escaping  from  the  clot 
during  its  contraction. 

Circumstances  wUch  modify  Coagulation  out  of  t%e  Body^-1^..  ^^^^^'^^  ^^^^^^ 
xnodify  coagulation  of  the  blood  have  been  closely  studied  by  Hewson,  Davy,  Thackrah, 
Eobin  and  Verdeil,  and  others.    They  are,  in  brief,  the  loUowmg :  . 

Blood  fiowing  slowly  from  a  small  orifice  is  more  rapidly  coagulated  t^a^ 
i,  iarged  in'a  full  stream  from  a  large  orifice.    If  it  be  received  into  a  shallo^^v 
vesse   it  coagulates  much  more  rapidly  than  when  received  into  a  deep  ve  sel.    If  the 

mentioa  tbe  following:  solution,  of  P°'"'  ."f  jf^f  ""j""   i„  .he  n,.-*-,.!  Sow, 


membrane. 


Wnnd  coao-ulates  in  the  vessels  after 
Coagulation  of  the  Blood  in  the  Orgamsm.--1h^ ^ooa      .  proposition, 

death,  though  less  rapidly  than  when  removed  ^^^J^  ^  tenty-four'hours  after  circula- 
it  may  be  stated  that  this  takes  p  ace  m  from  ^^^^^^  ^^^i^A       the  venous 

tion  has  ceased.  Under  these  --'^-^^^/.^'^^'^J^i^item  contraction  of  their  mus- 
system,  as  the  arteries  are  S^^^^l^V:"^  Iw  and  imperfect.  Coagula  are  found, 
cular  coat;  but,  in  the  veins  coagulation  is  Jow  and  .mpe  fee       ^  g^  ^^^^^^^  ^^^^^ 

however,  in  the  left  side  of  the  heart  ^f.'^y^^l^;^^,^  ise  coagula  present  the 
those  in  the  right  side  of  the  ^^-t  a^^^^^^^^    They  are"  equently  covered  by  a  soft, 

general  characters  we  have  ^^^^^^f  dark  in  their  interior.  . 

whitish  film,  analogous  to  the  buflfy-coat        are  ^.^       ^^^^  p^^^^ 

It  was  supposed  by  John  Hunter  *at  jagd^^^^^^^^^  of  t  ^^^^  ^^^^^^^  . 

animals  killed  by  lightning,  or  by  P'-°^°°jJ^~"^^^  view  is  not  correct.  J.  Davy 
but  it  appears  from  the  observations  of  others  tnai 
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reported  a  case  of  death  by  lightning  where  a  loose  coagulum  was  found  m  the  heart 
twenty-four  hours  after.  In  this  case,  decomposition  was  very  far  advanced,  and  it  is 
probable  that  the  coagulum  had  become  less  firm  from  that  cause.  His  observations  also 
show  that  coagulation  occurs  after  poisoning  by  hydrocyanic  acid,  and  m  ammals  hunted 

*°  Copulation  in  different  parts  of  the  vascular  system  is  by  no  means  unusual  during 
life  in  the  heart,  we  sometimes  find  coagula  which  bear  evidence  of  having  existed  for 
some  time  before  death.  These  were  called  polypi  by  some  of  the  older  writers,  and  are 
often  formed  of  fibrin  almost  free  from  red  corpuscles.  They  generaUy  occur  when  death 
is  very  gradual  and  when  the  circulation  continues  for  some  time  with  greatly-dimimshed 
activity  It  is  probable  that  a  small  coagulum  is  first  formed,  from  which  the  corpuscles 
are  wasl.ed  away  by  the  current  of  blood ;  that  this  becomes  larger  by  farther  depositions, 
until  we  have  large,  vermicular  masses  of  fibrin,  attached,  in  some  mstances,  to  the 
chordae  tendineffl.  Clots  produced  in  this  way  may  be  distinguished  from  those  formed 
after  death  by  their  whitish  color,  dense  consistence,  and  the  closeness  with  which  they 
adhere  to  the  walls  of  the  heart. 

Bodies  projecting  into  the  caliber  of  a  blood-vessel  soon  become  coated  with  a  layer 
of  fibrin  Rough  concretions  about  the  orifices  of  the  heart  frequently  induce  the  deposi- 
tion of  little  masses  of  fibrin,  which  sometimes  become  detached  and  are  carried  to  vari- 
ous parts  of  the  circulatory  system,  as  the  lungs  or  brain,  plugging  up  one  or  more  of  the 
smaller  vessels.  The  experunent  has  been  made  of  passing  a  thread  through  a  small 
artery,  allowing  it  to  remain  for  a  few  hours,  when  it  is  found  coated  with  a  layer  of 
coagulated  fibrin. 

Blood  generally  coagulates  when  effused  into  the  areolar  tissue  or  into  any  of  the 
cavities  of  the  body,  although,  effused  mto  the  serous  cavities,  the  tunica  vaginalis  for 
example,  it  has  been  known  to  remain  fluid  for  days  and  even  weeks,  and  coagulate  when 
let  out  by  an  incision.  In  the  Graafian  follicles,  after  the  discharge  of  the  ovum,  we 
sometimes  have  the  cavity  filled  with  blood,  which  forms  a  clot  and  is  slowly  removed 
by  absorption. 

Coagulation  thus  takes  place  in  the  vessels  as  the  result  of  stasis  or  of  very  great  retarda- 
tion of  the  circulation,  and  in  the  tissues  or  cavities  of  the  body,  whenever  it  is  accident- 
ally effused.  In  the  latter  case,  it  is  generally  removed  in  the  course  of  time  by  absorp- 
tion. This  takes  place  in  the  following  way:  First,  we  have  disappearance  of  the  red 
corpuscles,  or  decoloration  of  the  clot,  and  the  fibrin  is  then  the  only  substance  which 
remains.  This  becomes  reduced  from  a  fibrillated  to  a  granular  condition,  softens,  finally 
becomes  amorphous,  and  is  absorbed ;  although,  when  the  size  of  the  clot  is  considerable, 
this  may  occupy  weeks,  and  even  months,  and  may  never  be  completely  effected.  Effused 
in  this  manner,  the  constituents  of  the  blood  act  as  foreign  bodies ;  the  corpuscles  cease 
to  be  organized  anatomical  elements  capable  of  self-regeneration,  break  down,  and  are 
absorbed.  The  fibrin  which  remains  undergoes  the  same  process,  the  stages  through 
which  it  passes  being  always  those  of  decay,  and  not  of  development.  In  other  words, 
the  clot  is  incapable  of  organization. 

Office  of  the  Goagxdation  of  the  Blood  in  arresting  Emmorrhage.— The  property  of  the 
blood  under  consideration  has  a  most  important  oflSce  in  the  arrest  of  htemorrhage.  The 
effect  of  an  absence  or  great  diminution  of  the  coagulability  of  the  circulating  fluid  is 
exemplified  in  instances  of  what  is  called  the  haamorrhagic  diathesis ;  a  condition  in  which 
shght  wounds  are  apt  to  be  followed  by  alarming,  and  it  may  be  fatal  hoemorrhage.  This 
condition  of  the  blood  is  not  characterized  by  any  peculiar  symptoms  except  the  obsti- 
nate flow  of  blood  from  slight  wounds ;  and  this  may  continue  for  years.  In  a  case 
which  came  under  our  observation  a  few  years  since,  excision  of  the  tonsils  was  fol- 
lowed by  bleeding,  which  continued  for  several  days,  and  was  arrested  with  great  dif- 
ficulty.   On  inquiry  it  was  ascertained  that  the  patient,  a  young  man  about  twenty 
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years  of  age,  in  other  respects  perfectly  healthy,  had  been  subject  from  early  life  to  per- 
sistent hsemorrhago  from  slight  wounds. 

Circumstances  which  accelerate  coagulation  have  a  tendency  to  arrest  hemorrhage. 
It  is  well  known  that  exposure  of  a  bleeding  surface  to  the  air  has  this  effect  The  way 
in  which  the  vessel  is  divided  has  an  important  iniiuence.  A  clean  cut  will  bleed  more 
freely  than  a  ragged  laceration.  In  division  of  large  vessels,  this  difference  is  sometimes 
very  marked.  Oases  are  on  record  in  which  the  arm  has  been  torn  off  at  the  shoulder- 
joint,  and  yet  the  hemorrhage  was,  for  a  time,  spontaneously  arrested;  while  we  know 
that  division  of  an  artery  of  comparatively  small  size,  if  it  be  cut  across,  would  be  fatal 
if  left  to  itself.  Under  these  circumstances,  the  internal  coat  is  torn  m  shreds  which 
retract,  their  curled  ends  projecting  into  the  caliber  of  the  vessel  and  having  the  same 
effect  on  the  coagulation  of  blood  as  a  bundle  of  twigs.  In  laceration  of  ^^^^^  J^em 
vessel  as  the  axillary  artery,  the  arrest  cannot  be  permanent,  for,  as  soon  as  the  system 
llZZ  from  the  sLck,  the  contractions  of  the  heart  will  force  out  the  coagulated  blood 

which  has  closed  the  opening.    „ 

From  the  foregoing  considerations,  it  is  evident  that  the  remarkable  phenomenon  of 
eoagulation  of  the  blood,  which  has  so  much  engaged  the  attention  of  physiologiBts  has 
rler  a  mechanical  thaA  a  vital  function;  for  its  chief  ofiice  is  in  the  arrest  of  hemor- 
rfa'  e  oTagulation  never  takes  place  in  the  organism,  unless  the  blood  be  m  a- ab-rmal 
condition  with  respect  to  circulation.  Here  its  operations  are  mainly  conse  vative ,  but 
^raimost  d  conservative  processes  are  sometimes  perverted,  clots  in  the  body  may  be 
protcte  of  iSury,  as  in  L  instances  of  cerebral  apoplexy,  clots  in  the  heart  occurrmg 
before  death,  the  detachment  of  emboli,  etc. 

Pause  oftTie  Coagulation  of  the  Blood.-U^e  adopt  the  views  regarding  the  compo- 
sitionTthi  bl  od  which  invoive  the  production  of  fibrin  as  a  result  of  tbe  d^^^^^^^^^^ 
of  pTasmine,  we  must  change  in  toto  our  ideas  of  the  cause  of  the  coagulation  of  the  blood. 
IccoXg  o  our  present  fdeas,  fibrin  does  not  exist  as  a  proximate  Pr--Pl«'  ^^/^^^ 

mate  principle  itself,  and  not  as  a  P™""'^"  '  ,   ,        blood  normally 

haled  by  the  lungs,  and  that,  when  the  circuiat  o  „^i,„iea  <ind  coaculat  ion  takes 

blood  is  effused  or  drawn  from  the            ^"^^^^^^  adheres,  however, 

place.    This  theory  has  been  ^^^^^f\f^^^^^^^^^^^  reliable,  they  seem 

to  the  accuracy  of  his  experiments.    If  ^^^^^^^P'J  ,ocesses  which  will 

to  prove  the  theory;  but  it  is  ^^ated  by  Bobin    ha^,  u^^^^^^  P^^^^  ^^^^ 

detect              of  ammonia,  not  a  t.ace  of        -^^^^^^^^^^  ,  ,,„g„,„,ion ;  and 

that  a  small  quantity  of  ammonia  added  to  ^^^^ ,  coagulate.  The  chemical 
that  the  blood  secured  against  ^^'^^^^^^l^^^,:^^^^^^^ 

Snrpfob^y" 

r  IL^^o^io   of  the  bW  is  d.  .  eoagulation, 

cause  of  coagulation,  which  was  ^-^'l' ^  ™  «Li7  f  H"n  "^^P*^^ 
coagulation  takes  place  in  a  vacuum    Tlie  vital  theory  ^  . 
by  most  physiologists  of  his  time,  is  too  indefinite  foi  discussion  i 
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really  expresses  utter  want  of  knowledge  on  the  subject.  The  theory  that  motion  is  the 
cause  of  the  fluidity  of  fibrin  in  the  body,  is  disproved  by  the  fact  that  violent  agitation 
of  the  blood  out  of  the  body  docs  not  prevent  coagulation  ;  and  thus  it  is  with  nearly 
all  the  theories  that  have  been  advanced. 

The  idea  which  we  have  to  present  does  not  explain  why  the  blood  coagulates,  but 
it  gives  a  certain  notion  of  the  probable  conditions  under  which  plasmine  exists  in  the 
circulating  fluid :  .  , 

Plasmiue,  circulating  in  the  blood-vessels,  under  normal  conditions,  is  a  hquid,  and 
its  decomposition  into  metalbumen  and  fibrin  is  abnormal.  Plasmine  is  undoubtedly  an 
important  nutritive  principle,  and  is  constantly  undergoing  change  as  it  is  used  in  the 
nutrition  of  the  nitrogenized  constituents  of  the  various  tissues  and  organs,  the  material 
thus  expended  being  supplied  by  the  nitrogenized  constituents  of  the  food.  It  is,  there- 
fore like  other  nitrogenized  constituents  of  the  organism,  in  a  condition  of  constant 
metamorphosis ;  and  aU  that  we  can  say  is  that,  while  in  this  condition,  getting  material 
from  some  parts  and  giving  off  matters  in  others,  it  does  not  undergo  those  decomposmg 
changes  which  are  observed  when  it  is  effused,  drawn  from  the  body,  or  the  circulation 
is  arrested,  which  involve  coagulation  of  the  blood. 

The  above  expresses  nearly  all  that  we  positively  know  of  the  cause  of  the  coagula- 
tion of  the  blood ;  but  the  question  in  fact  reduces  itself  to  the  rather  unsatisfactory 
proposition  that  the  blood  coagulates  because,  when  its  nitrogenized  principles  are  re- 
moved from  those  constant  molecular  changes  which  are  characteristic  of  the  class  of 
nitrogenized  principles  as  they  exist  in  the  living  organism,  decomposition  takes  place, 
which  results  in  the  production  of  a  coagulating  matter.  It  is  hardly  to  be  expected 
that  physiologists  would  be  satisfied  with  this,  which  is  indeed  httle  more  than  a  confes- 
sion of  ignorance  ;  but  it  must  be  remembered  that  we  are  very  little  acquainted  with 
the  molecular  changes  taking  place  constantly  in  the  living  body.  When  we  understand 
these  more  thoroughly,  we  may  obtain  a  better  knowledge  of  the  causes  of  coagulation 
of  the  blood,  cadaveric  rigidity  of  muscles,  and  other  changes  which  take  place  when 
the  processes  of  nutrition  cease. 

"Within  the  last  few  years,  A.  Schmidt  (1861)  has  proposed  a  theory  of  coagulation 
which  involves  the  coming  together  of  certain  principles  called  fibrin-factors.  This  the- 
ory has  been  adopted  and  more  or  less  modified  by  Kuhne,  Virchow,  and  others.  If 
blood-plasma,  rendered  neutral  with  acetic  acid,  be  diluted  with  ten  times  its  volume  of 
water  at  32°  Fahr.  and  then  be  treated  with  a  current  of  carbonic-acid  gas,  a  flocculent 
precipitate  is  formed,  which  has  been  called  paraglobuline,  or  fibrinoplastic  matter.  This 
substance  may  be  dissolved  in  water  containing  air  or  oxygen  in  solution.  After  this 
precipitate  has  been  separated,  if  the  clear  liquid  be  diluted  with  about  twice  its  volume 
of  ice-cold  water  and  be  again  treated  for  a  long  time  with  a  current  of  carbonic  acid, 
a  viscid  scum  is  produced,  which  has  been  called  fibrinogen.  A  small  quantity  of  fibrin- 
ogen added  to  a  solution  of  paraglobuline  produces  coagulation  of  a  substance  like  fibrin. 
More  recently,  a  third  principle,  a  femient,  has  been  described  by  Schmidt,  which  he 
considers  necessary  to  the  formation  of  fibrin. 

It  is  very  questionable  whether  the  substances  called  paraglobuline  and  fibrinogen  ex- 
ist in  the  blood  as  peculiar  principles.  Eobin  considers  paraglobuline  as  identical  with 
metalbumen,  which  is  itself  one  of  the  products  of  the  decomposition  of  plasmine.  It 
is  true  that  the  so-called  fibrinogen  added  to  the  liquid  of  hydrocele  or  other  serosities 
not  spontaneously  coagulable  produces  coagulation,  but  this  occurs,  though  more  slowly, 
when  tlie  serum  separated  from  the  coagulated  blood  is  added  to  these  liquids. 

It  is  more  in  accordance  with  our  positive  knowledge  to  state  that  we  understand 
nothing  with  regard  to  the  cause  of  coagulation  of  the  blood  beyond  the  fact  that  plas- 
mine, when  removed  from  its  normal  condition  in  the  circulation,  decomposes  into  coag- 
ulating fibrin  and  metalbumen,  than  to  admit  the  existence  of  fibrinogen,  a  ferment,  and 
paraglobuline,  all  of  which  may  be  products  of  decomposition. 
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It  is  a  curioua  fact  that  leech-drawn  blood  remains  fluid  in  the  body  of  the  ani- 
mal. Richardson  has  observed,  also,  that  the  blood  flowing  from  a  leech-bite  presents 
the  same  persistent  fluidity,  which  explains  the  well-known  fact  that  the  insignificant 
wound  gives  rise  to  considerable  hsemorrhago.  On  this  point  he  has  made  the  following 
curious  experiment : 

"  After  the  leech  was  removed  from  the  arm,  the  wound  it  had  produced  continued  . 
to  give  out  blood  very  freely.  I  caught  the  blood  thus  flowing  at  different  intervals, 
allowing  it  to  trickle  into  teaspoons  of  the  same  size  and  shape.  The  results  were  curi- 
ous. The  blood  which  was  received  into  the  first  spoon,  and  which  was  collected  hnme- 
diately  after  the  removal  of  the  leech,  was  dark,  and  showed  the  same  feebleness  of 
coagulation  as  the  blood  taken  from  the  leech  itself.  Another  portion  of  blood,  received 
into  a  second  spoon  five  minutes  later,  coagulated  in  twenty-five  minutes  with  moderate 
firmness.  A  third  portion  of  blood,  caught  ten  minutes  later  still,  coagulated  in  eight 
minutes  ';  while  at  the  end  of  half  an  hour  the  blood  which  still  flowed  from  the  wound 
coagulated  firmly,  and  in  fine  red  clots,  in  two  minutes.  Ultimately  the  blood  coagu- 
lated as  it  slowly  oozed  from  the  wound,  so  that  the  wound  itself  was  sealed  up." 

The  existence  of  projections  into  the  caliber  of  vessels,  or  the  passage  of  a  fine  thread 
through  an  artery  or  vein,  will  determine  the  formation  of  a  smaU  coagulum  upon  the 
foreign  substance,  while  the  circulation  is  neither  interrupted  nor  retarded.  These  facts 
demand  explanation;  but  all  we  can  say  with  regard  to  them  is,  that,  m  the  present 
state  of  our  knowledge,  explanation  is  difficult,  if  not  impossible.  The  process  under 
these  circumstances,  cannot  be  subjected  to  direct  experiment,  as  m  the  case  of  blood 
coagulating  out  of  the  body;  but  a  reasonable  inference  is  that  the  foreign  substance 
arrests  the  circulation  of  a  certain  portion  of  plasmine,  which  then  undergoes  decompo- 

''^'Diiring  coagulation,  fibrin  assumes  a  filamentous  form,  presenting,  under  the  micro- 
scope, the  appearance  of  rectilinear  fibrill^.  These  fibrillar  gradually  increase  in  num- 
ber aM  as  contraction  of  the  clot  occurs,  becomes  irregularly  crossed.    They  are  always 


Fig.  S— Coagulated fihnn.  (Eobin.) 

Straight,  however,  and  never  assume  the  undulating  appearance  characteristic  of  the 
white  fibrous  tissue.    The  appearance  just  described  does  not  indicate  a  P''^  «f 
ganization.    When  fibrin  is  efltused  into  any  of  the  tissues  or  ^^'^^^  ^^P'J"  "J 

vessels,  it  acts  as  a  foreign  substance,  and,  in  time,  becomes  entirely  or  m  PJ^^  ab  oihed. 
The  gradual  production  of  membranes  of  new  formation,  as  one  "^"^'^^''^''^^^^^^'^^ 
mation,  these  becoming  organized,  is  entirely  diflterent  from  sudden  hemorrhagic 

'^"lie  blood  of  the  renal  and  hepatic  veins,  capillary  blood,  and  the  blood  which  passes 


DISCOVERY  OF  THE  OIROULATION-. 


31 


from  the  capillary  system  into  the  veins  after  death  does  not  generally  coagulate  or 
coac-ulates  very  imperfectly  ;  in  other  words,  these  varieties  of  hlood  do  not  readily  form 
fibrin  The  reason  of  this  peculiarity  is  not  known  ;  hut  the  fact  affords  a  partial  ex- 
planation of  the  normal  fluidity  of  the  blood  ;  for  this  fluid,  passing  over  the  entire 
course  of  the  circulation  in  about  thirty  seconds,  seems  to  be  constantly  losing  its  coagu- 
lability in  its  passage  through  the  liver,  kidneys,  and  the  general  capillary  system,  as  tast 
as  its  coac^ulability  is  increased  in  the  other  parts.  Taking  into  consideration  the  rapidity 
of  the  ch-culation,  it  is  evident  that  the  blood  cannot  coagulate  while  the  normal  cir- 
culation is  maintamed,  and  while  it  is  undergoing  the  constant  cuanges  mcident  to  gen- 
eral  nutrition. 


CHAPTER  II. 

CIBCULATION  OF  TBE  BLOOD-ACTIOJ^  OF  TEE  BEABT. 

Discovery  of  the  circulation-PhyBiologieal  anatomy  of  the  hear^^VSlves  of  the  he"t-Movements  the  heart- 
Impulse  of  the  heart-Succession  of  movements  of  the  heart-Force  of  the  heart's  acHon-Action  of  the  valves- 
SoLs  of  the  heart-Causes  of  the  sounds  of  the  heart-Frequency  of  the  heart  s  action-Muence  of  ^^^^^^ 
Influence  of  digestion-Influence  of  posture  and  muscular  exertion-Iufluenee  of  exercise-Muence  of  m- 
perature-Influence  of  respiration  on  the  action  of  the  heart-Cause  of  the  rhythmical  contracbons  of  the  heart 
-Influence  of  the  nervous  system  on  the  heart-Division  of  the  pneumogastncs-Galvanization  of  the  pnea- 
-  -mogastrics— Causes  of  arrest  of  action  of  the  heart^Blows  upon  the  epigastrium. 

Harvet  discovered  the  circulation  of  the  blood  in  1616,  taught  it  in  his  public  lect- 
ures in  1619,  and,  in  1628,  published  the  "  Exercitatio  Anatomica  de  Motu  Cordis^  et 
Sanguinis  in  Animalibus:''  This  momentous  discovery,  from  the  isolated  facts  bearing 
upon  it  which  were  observed  by  anatomists,  to  its  grand  culmination  with  Harvey,  so 
fully  illustrates  the  gradual  development  of  most  great  physiological  truths,  that  it  does 
not  seem  out  of  place  to  begin  our  study  of  the  circulation  with  a  rapid  sketch  of  its 
history. 

The  facts  bearing  upon  the  circulation,  which  were  developed  before  the  time  of  Har- 
vey, were  chiefly  anatomical.  The  writings  of  Hippocrates  are  very  indefinite  upon  all 
points  connected  with  the  circulatory  system  ;  and  no  clear  and  positive  statements  are 
to  be  found  in  ancient  works  before  the  time  of  Aristotle.  The  work  of  Aristotle  most 
frequently  quoted  by  physiologists  is  his  "  History  of  Animals ; "  and  in  this  occurs  a 
passage  wliich  seems  to  indicate  that  he  thought  that  air  passed  from  the  lungs  to  the 
heart;  but  in  his  work,  De  Partibus  Animalium,  it  is  stated  that  there  are  two  great 
blood-vessels,  the  vena  cava  and  aorta,  arising  from  the  heart,  and  that  the  aorta  and 
its  branches  carry  blood.  Galen,  however,  demonstrated  experimentally  the  presence  of 
blood  in  the  arteries,  by  including  a  portion  of  one  of  these  vessels  between  two  liga- 
tures, in  a  living  animal ;  but  his  ideas  of  the  communication  between  the  arteries  and 
veins  were  erroneous,  for  he  believed  in  the  existence  of  small  orifices  in  the  septum  be- 
tween the  ventricles  of  the  heart,  a  mistake  that  was  corrected  by  Vesalius,  at  about  the 
middle  of  the  sixteenth  century. 

In  1553,  Michael  Servetus,  who  is  generally  regarded  as  the  discoverer  of  the  pas- 
sage of  the  blood  through  the  lungs,  or  the  pulmonary  circulation,  described  in  a  work 
on  theology  the  course  of  the  blood  through  the  lungs,  from  the  right  to  the  left  side  of 
the  heart.  This  description,  complete  as  it  is,  was  merely  incidental  to  the  development 
of  a  theory  with  regard  to  the  formation  of  the  soul,  and  the  development  of  what  were, 
called  animal  and  vital  spirits  (spiritus).  The  same  year,  at  the  instigation  of  Oalvln, . 
Servetus  was  burned  alive  at  Geneva,  and  a  copy  of  his  book  was  also  committed  to  the 
flames.    But  one  or  two  copies  of  this  work  are  now  in  existence.    One  is  in  the  library 
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of  tho  Institute  of  Franco,  and  bears  evidence,  in  some  pages  that  are  partially  burned, 
of  the  fato  which  it  so  narrowly  escaped. 

A  few  years  later,  Oolumbo,  professor  of  anatomy  at  Padua,  and  Oesalpinus,  of  Pisa, 
described  the  passage  of  the  blood  through  the  lungs,  though  probably  without  any 
knowledge  of  what  had  been  written  by  Servetus.  To  Oesalpinus  is  attributed  the  first 
use  of  the  expression  circulation  of  the  blood.  He  also  remarked  that,  after  ligature  or 
compression  of  veins,  the  swelling  is  always  below  the  point  of  obstruction. 

The  history  of  the  discovery  of  the  valves  in  the  veins  is  quite  obscure,  although  pri- 
ority of  observation  is  almost  universaUy  conceded  to  Fabricius.  As  regards  this  poiot, 
we  can  depend  only  upon  the  dates  of  pubUshed  memoirs,  notwithstanding  the  assertion 
of  Fabricius,  that  he  had  seen  the  valves  in  1574.  In  1545,  Etienne  described,  in  branches 
of  the  portal  vein,  "  valves,  whicli  he  called  apophyses,  and  which  he  compared  to  the 
valves  of  the  heart."  In  1551,  Amatus  Lusitanus  published  a  letter  from  Oannanus,  in 
which  it  is  stated  that  he  had  found  valves  in  certain  of  the  veins.  In  1563,  Eustachius 
published  an  account  of  the  valves  of  the  coronary  vein.  In  1586,  a  clear  account,  by 
Piccolhominus,  of  the  valves  of  the  veins  was  published.  Fabricius  gave  the  most  accu- 
rate descriptions  and  delineations  of  the  valves,  and  his  first  publication  is  said  to  have 
appeared  in  1603.  He  demonstrated  them  to  Harvey,  at  Padua ;  and  it  is  probable  that 
this  was  the  origin  of  the  first  speculations  by  Harvey  on  the  mechanism  of  the  circula- 
tion Shortly  after  the  return  of  Harvey  from  Padua  in  1602,  he  advanced  beyond  the 
study  of  inanimate  parts  by  dissections,  and  investigated  animated  nature  by  means  of 
vivisections.  As  is  evident,  when  we  consider  the  state  of  science  at  that  time  anato- 
mists had  long  been  preparing  the  way  for  the  discovery  of  the  circulation  although 
they  knew  little  of  the  functions  of  the  parts  they  described.  The_ 
heart  and  vessels,  and  even  the  arrangement  of  the  valves  of  the  vems,  did  ^ot  ]Mem 
to  suspect  the  course  of  the  blood ;  but  a  few  well-conceiyed 

mals  have  made  it  appear  so  simple,  that  we  now  wonder  it  remamed  unkno^^_n  so  long 
Farthermore,  these  experiments  made.it  evident  that  there  was  a  communication  at  the 

periphery  between  the  arteries  and  the  vems.  ,     ^  +v„  -Up^rt  whioh  ho 

In  the  work  of  Harvey  are  described,  first  the  movements  of  the  heart,  which  he 

the  charge  of  blood  expelled  with  force."    From  the  description  of  the  action  o  the 

tttShe  passes  to  L  auricles,  and  shows  how  ^^^^^^  ^^^  ZToTtZ  Z 

ventricles  with  blood.    By  experiments  upon  ^^^^P^f « Exposing  tre  heart 

blood  fills  the  heart  from  the  veins,  and  is  sent  out  into  the  "^/^^^^^^^^ 

and  great  vessels  in  these  animals,  he  apphed  I'f^^]^  ^^^^^^^^^  and 

effect  of  cutting  oif  the  supply  from  the  heart  so  that  ^  ^e^^^™ ^  ^^^^ 

by  removing  the  Hgature       Hood  could  be  ^^^^^^^^^ 

the  heart  soon  f  ^^d^^^*^  X^thT-result  of  numerous  experiments  npon  Uv- 

The  descriptions  given  by  Harvey  ^^^^  .      ^ ;  movements  are 

ing  animals ;  exposing  the  heart  of  -^^"^  warm-blooded  animals, 

^i;=rs^rsrs— ^^^^  - 


sent 


course  of  the  blood  in  tho  arteries  Mil  veins  and  the  uses  01  tne 
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These  experiments  are  models  of  simplicity  and  pertinence.  First,  lie  showed  that  a 
licratm-e  tightly  applied  to  a  limb  prevented  the  blood  from  entermg  the  artery  and 
arrested  pulsation.  The  ligature  then  relaxed  and  applied  with  moderate  tightness  so 
as  to  compress  only  the  superficial  veins  allowed  the  blood  to  pass  into  the  part  by  the 
arteries  but  prevented  its  return  by  the  veins,  which  consequently  became  excessively 
con-ested  The  ligature  being  removed,  the  veins  soon  emptied  themselves  and  the 
member  regained  its  ordinary  appearance.  He  observed  the  "  knots  "  in  the  veins  of  the 
arm  when  a  ligature  was  applied,  as  for  phlebotomy,  and  showed  that  the  space  be- 
tween these  knots,.which  are  formed  by  the  valves,  could  be  emptied  of  blood  by  press- 
in-  toward  the  heart,  and  would  not  fill  itself  while  the  finger  was  kept  at  the  lower 
extremity.  It  was  impossible,  by  pressure  with  the  fingers,  to  force  the  blood  back 
through  one  of  the  valves. 


Fig.  d.—Uarvet/a  observations  on  the  flow  of  Mood  in  the  veins,  (llurvey.) 


By  such  simple,  yet  irresistibly  conclusive  experiments  was  completed  the  chain  of 
evidence  establishing  the  fact  of  the  circulation  of  the  blood.  Truly  it  is  said  that  here 
commenced  an  epoch  in  the  study  of  physiology ;  for  then  the  scientific  world  began  to 
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emancipate  itself  from  the  ideas  of  the  ancients,  which  had  held  despotic  sway  for  twa 
centuries,  and  to  study  Nature  for  themselves  by  moans  of  experiments. 

Although  Harvey  described  so  perfectly  the  course  of  the  blood  and  left  not  a  shadow 
of  doubt  as  to  the  communication  between  the  arteries  and  veins,  it  was  left  to  others  to 
actually  see  the  blood  in  movement  and  follow  it  from  one  system  of  vessels  to  the  other. 
In  1G61,  Malpighi  saw  the  blood  circulating  in  tlie  vessels  of  the  lung  of  a  living  frog, 
examining  it  with  magnifying  glasses ;  and,  a  little  later,  Leeuwenhoek  saw  the  circula- 
tion in  the  wing  of  a  bat.    The  great  discovery  was  then  completed. 

Enough  has  been  said  in  the  preceding  historical  sketch  to  give  a  general  idea  of  the 
course  of  the  great  nutritive  fluid  and  the  natural  anatomical  and  physiological  divisions 
of  the  circulatory  system.  There  is  a  constant  flow  from  the  central  organ  to  all  the 
tissues  and  organs  of  the  body,  and  a  constant  return  of  the  blood  after  it  has  passed 
througli  these  parts.  But  before  the  blood,  which  has  thus  been  hrought  back,  is  flt  to 
return  again  to  the  system,  it  must  pass  through  the  lungs  and  undergo  the  changes 
incident  to  respiration.  In  some  animals,  hke  fishes,  the  same  force  sends  the  blood 
through  the  gills,  and  from  them  through  the  system.  In  others,  like  the  reptiles,  a 
mixture  of  aerated  and  non-aerated  blood  takes  place  in  the  heart,  and  the  general 
system  never  receives  blood  that  has  been  fully  arterialized.  But  in  man  and  all 
warm-blooded  animals,  the  organism  demands  blood  that  has  been  fully  purified  and 
oxygenated  by  its  passage  through  the  lungs,  and  here  we  find  the  first  great  and  com- 
plete divisions  of  the  circulation  into  the  pulmonary  and  systemic,  or,  as  they  have  been 
called,  the  lesser  and  greater  circulation.  The  heart  in  this  instance  is  double;  hav- 
ing a  right  and  left  side  which  are  entirely  distinct  from  each  otheri    The  right  heart 

receives  the  blood  as  it  is  brought 
from  the  system  by  the  veins  and 
sends  it  to  the  lungs;  the  left  heart 
receives  the  blood  from  the  lungs 
and  sends  it  to  the  system.  It  must 
be  borne  in  mind,  however,  that  al- 
though the  two  sides  of  the  heart 
are  distinct  from  each  other,  their 
action  is  simultaneous  ;   and,  in 
studying  the  motions  of  this  or- 
gan, we  shall  find  that  the  blood 
is  sent  simultaneously  from  the 
right  side  to  the  lungs,  and  from 
the  left  side  to  the  system.  It  will 
not  be  necessary,  therefore,  to  sep- 
arate the  two  circulations  m  our 
study  of  their  mechanism ;  for  the 
simultaneous  action  of  both  sides 
of  the  heart  enables  us  to  study 
its  functions  as  a  single  organ,  and 
the  constitution  and  operations  of 
the  two  kinds  of  vessels  do  not 
present  any  material  difterences. 
For  convenience  of  study,  the"  circulatory  system  may  be  divided  jn^^^^  l^eart  and 
vessels,  the  latter  being  of  three  kinds:  the  arte"es,  wh.ch  '^^•^^  ^l^'J^^^^^^ 
heart   o  the  system;  the  capillaries,  which  distribute       .^^""^^^ J J^^Vfr^ 
dantly  in  diffeLt  p^vts  of  the  system;  and  the  vems,  ^ "^l^.^f 
the  system  to  the  heart.    The  functions  of  each  of  these  divisions  may  be  considerea 

separately. 


Fig.  10.-Dlagra,n  of  the  fovr  carUies  of  Ihf  hfort  (J"-  "•■"^^^J 
«rf,  right  auricle;  right  ventricle ;  0(7,  lelt  ouncle,  cff,  left 
veitincle.   The  arrows  indicate  the  course  of  the  blood. 
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Physiological  Anatomy  of  the  Heart. 
The  heart  of  the  human  subject  is  a  pear-shaped,  muscular  organ,  situated  in  the 
thoracic  cavity,  with  its  base  about  in  the  median  line  and  its  apex  at  the  fifth  mter- 
coS  space  midway  between  the  median  line  and  a  perpendicular  dropped  through 
the  left  nipple.    Its  weight  is 
from  eight  to  ten  ounces  in 
the  female,  and  from  ten  to 
twelve  ounces  in  the  male.  It 
has  four  distinct  cavities;  a 
right  and  a  left  auricle,  and  a 
right  and  a  left  ventricle.  Of 
these,  the  ventricles  are  the 
more  capacious.    The  heart  is 
held  in  place,  or  may  be  said 
to  be  attached  by  the  great 
vessels  to  the  posterior  waU 
of  the  thorax,  while  the  apex 
is  free  and  capable  of  a  cer- 
tain degree  of  motion.  The 
whole  organ  is  enveloped  in  a 
fibrous  sac  called  the  pericar- 
dium.   This  sac  is  lined  by  a 
serous  membrane,  which  is  at- 
tached to  the  great  vessels  at 
the  base  and  reflected  over  its 
surface.    The  membrane  is  lu- 
bricated by  a  drachm  or  two 
of  fluid,  so  that  the  movements 
of  the  heart  are  normally  ac- 
complished without  any  friction.    The  serous  pericardium  does  not  present  any  dif- 
ferences from  serous  membranes  in  other  situations.    The  cavities  of  the  heart  are  lined 
by  a  smooth  membrane,  called  the  endocardium,  which  is  continuous  with  the  lining 
membrane  of  the  blood-vessels. 

The  right  auricle  receives  the  blood  from  the  venffi  cav£B  and  empties  it  into  the  right 
ventricle.  The  auricle  presents  a  principal  cavity,  or  sinus,  as  it  is  called,  with  a  little 
appendix,  called  from  its  resemblance  to  the  ear  of  a  dog,  the  auricular  appendix.  It  has 
two  large  openings  for  the  vena  cava  ascendens  and  the  vena  cava  descendens,  with  a 
small  opening  for  the  coronary  vein  which  brings  the  blood  from  the  substance  of  the  . 
heart  itself.  It  has,  also,  another  large  opening,  called  the  auriculo-ventricular  opening, 
by  which  the  blood  flows  into  the  ventricle.  The  walls  of  this  cavity  are  quite  thin  as 
compared  with  the  ventricles,  measuring  about  one  line.  They  are  composed  of  mus- 
cular fibres  arranged  in  two  layers,  one  of  which,  the  external,  is  common  to  both  auri- 
cles, and  the  other,  the  internal,  is  proper  to  each.'  These  muscular  fibres,  although 
involuntary  in  their  action,  belong  to  the  striated,  or  what  is  termed  voluntary  variety, 
and  are  similar  in  structure  to  the  fibres  of  the  ventricles.  The  fibres  of  the  auricles  are 
much  fewer  than  those  of  the  ventricles.  Some  of  them  are  looped,  arising  from  a 
cartilaginous  ring  which  separates  the  auricles  and  ventricles,  and  passing  over  the 
auricles  ;  and  others  are  circular,  surrounding  the  auricular  appendages  and  the  open- 
ings of  the  veins,  extending,  also,  a  short  distance  along  the  course  of  these  vessels. 
One  or  two  valvular  folds  arc  found  at  the  orifice  of  the  coronary  vein,  preventing  a 
reflux  of  blood,  but  there  are  no  valves  at  the  orifices  of  the  vente  cavro. 

The  left  auricle  receives  the  blood  which  comes  from  the  lungs  by  the  pulmonary 


Fig.  11.— Heart  in  situ.  (Dalton,  in  Flint,  "on  the  Heart.") 
a  h  c  etc.,  ribs;  1,  2,  3,  etc.,  intercostal  spaces ;  vertical  line,  median  line; 
'  '  triangle,  superficial  cardiac  region ;  x  on  the  fourth  nb,  nipple. 
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voins.  It  does  not  differ  materiaUy  in  its  anatomy  from  the  right.  It  is  a  little  smaller, 
and  its  walls  are  thicker,  measuring  about  a  line  and  a  half.  It  has  four  openings  by  whicli 

it  receives  the  blood  from  the 
four  pulmonary  veins.  These 
openings  are  not  provided  with 
valves.    Like  the  right  auricle, 
it  has  a  large  opening  by  which 
blood  flows  into  the  left  ven- 
tricle.   The  arrangement  of  the 
muscular  fibres  is  essentially  the 
same  as  in  the  right  auricle.  In 
adult  life,  the  cavities  of  the  au- 
ricles are  entirely  distinct  from 
each  other.    Before  birth,  they 
communicate  by  a  large  open- 
ing, the  foramen  ovale,  and  the 
orifice  of  the  inferior  vena  cava 
is  provided  with  a  membranous 
fold,    the   Eustachian  valve, 
which  serves   to    direct  the 
blood  from  the  lower  part  of 
the  body  through  the  opening 
into  the  left-  auricle.  After 
birth,   the  foramen   ovale  is 
closed  and  the  Eustachian  valve 
gradually  disappears. 

The  ventricles,  in  the  human 
subject  and  in  warm-blooded 
animals,  constitute  the  bulk  of 
the  heart.  They  have  a  ca- 
pacity somewhat  greater  than 
that  of  the  auricles  and  are 
provided  with  thick  muscular 
walls.  It  is  by  the  powerful 
action  of  this  portion  of  the 
heart  that  the  blood  is  forced, 
on  the  one  hand,  to  the  lungs  and  back  to  the  left  side,  and  on  the  otter,  t^^^^^^^^^^ 
entire  system  of  the  greater  circulation  to  the  right  side  I  has  -j;*^'!^*^ ^^^^^ 
capacity  of  the  right  ventricle  is  considerably  greater  than  that  of  the  left.    T^he  most 

Lnflml  conclusive  observations  on  this  subject  are  those 
In  these  experiments,  the  cavities  were  filled  with  an  injection  of        f^^/f,"/'  i^^^^^^^ 
were  made'by  calculating  the  amount  of  liquid 

cavities    Care  was  taken  to  make  the  injection  m  animals  befoie  cadaver  c  "gi^^'ty  naa 
eUn  or  after  it  had  passed  away,  in  the  human  subject.    The  comparative  resul^ts  ob- 
ta led  by tese  observers  are  the  most  interesting,  for  the  -^^^es  wei.  m^^^^^^^^ 
tended  by  the  injection  to  their  extreme  capacity,  and  contained  "^^^^  ^^^^^^^^^ 
do  during  life    They  found  the  capacity  of  the  right  auricle  from  one-tenth  to  one 
dghth  gfelS:  than 'that  of  the  left.     The  capacity  of  the  ^^^^^J^^^J^s  Z 
one-tenth  to  one-eighth  greater  than  that  of  the  left,  but  more  ^^^^^^J       ?  ,1" 
disparity  between  the  two  ventricles  than  between  the  -^'^'^iJll'^'^^^^^^^^ 
ventricle  exceeded  that  of  the  corresponding  auricle  by  from  ^^^"f  ^^^^j^^^VnX 
Nine  times  out  often,  this  predominance  of        ^'^t"^^^  .^^^J  ,7;',37;bservation^ 
left  Bide.    The  absolute  capacity  of  the  left  ventricle,  accordmg  to  these  obsenatio  s. 


Fig  n.—Reart,  anterior  view.    (Bonamy  and  Beau.) 
1,  right  'oentHcle;  2,  left  uentricle ;  B,  i  right  auricle ;  BA/e/Za«"- 
cle;  7,  pulmoiary  artery;  8,  aorta;  9,  superior  vena  cava;  10  ante- 
rio^  coronary  artery ;  11,  branch  of  the  coronary  vein ;  12, 12, 12,  lym- 
phatic vessels. 


ANATOMY  OF  THE  HEART. 


37 


is  from  143  to  213  cubic  centimeters,  or  from  about  4-8  to  7  ounces.  This  is  muoh 
greater  than  most  estimates,  which  place  the  capacity  of  the  various  cavities,  moderately 
distended,  at  about  2  ounces. 

Notwithstanding  the  disparity  in  the 
extreme  capacity  of  the  various  cavities, 
the  quantity  of  blood  which  enters  these 
cavities  is  necessarily  equal  to  that  which 
is  expelled.  This  has  been  stated  to  be 
a  little  more  than  two  ounces.  There 
are  no  means  of  estimating  with  exact- 
ness the  quantity  of  blood  discharged 
with  each  ventricular  contraction  ;  and 
we  find  the  question  rather  avoided  in 
works  on  physiology.  ALL  we  can  say 
is  that,  from  observations  on  the  heart 
during  its  action,  it  never  seems  to  con- 
tain much  more  than  half  the  quantity  in 
all  its  cavities  that  it  does  when  fully 
distended  by  injection ;  but  it  is  the  right 
cavities  which  are  most  dilatable,  and 
probably  the  ordinary  quantity  of  blood 
in  the  left  ventricle  is  from  four-fifths  to 
five-sixths  of  its  extreme  capacity. 

The  cavities  of  the  ventricles  are 
triangular  or  conoidal,  the  right  being 
broader  and  shorter  than  the  left,  which 
extends  to  the  apex.  The  inner  surface 
of  both  cavities  is  marked  by  peculiar 
ridges  and  papillce,  which  are  called 
columna  carnese.  Some  of  these  are 
mere  fleshy  ridges  projecting  into  the 
cavity;  others  are  columns  attached  by 
each  extremity  and  free  at  the  central 
portion;  and  others  are  papillfB  giving 
origin  to  the  chordse  tendinese,  which  are 
attached  to  the  free  edges  of  the  auriculo- 
ventricular  valves.  These  fleshy  columns 
interlace  in  every  direction  and  give  the  inner  surface  of  the  cavities  a  reticulated  ap- 
pearance. This  arrangement  evidently  facilitates  the  complete  emptying  of  the  ventri- 
cles during  their  contraction. 

The  walls  of  the  left  ventricle  are  imiformly  much  thicker  than  on  the  right  side. 
Bonillaud  found  the  average  thickness  of  the  right  ventricle  at  the  base  to  he  two  and 
a  half  Unes,  and  the  thickness  of  the  left  ventricle  at  the  corresponding  part,  seven  lines. 

The  arrangement  of  the  muscular  fibres  constituting  the  walls  of  the  ventricles  is 
more  regular  than  in  the  auricles,  and  their  course  enables  us  to  explain  some  of  the  phe- 
nomena which  accompany  the  heart's  action.  The  direction  of  the  fibres  cannot  be 
well  made  out  unless  the  heart  have  been  boiled  for  a  number  of  hours,  when  part 
of  the  intermuscular  tissue  is  dissolved  out,  and  the  fibres  can  be  easily  separated  and 
followed.  Without  going  into  a  minute  description  of  their  direction,  it  is  suflicient  to 
state,  in  this  connection,  that  they  present  two  principal  layers ;  a  superficial  layer  com- 
mon to  both  ventricles,  and  a  deep  layer  proper  to  each.  The  superficial  fibres  pass 
obliquely  from  right  to  left  from  the  base  to  the  apex ;  here  they  take  a  spiral  course, 
become  deep,  and  pass  into  the  interior  of  the  organ  to  form  the  columua3  carneo3. 


Fig.  I&.—Left  cavities  of  the  heart.   (Bonamy  and  Beau.) 

\,left  vmtricular  cauity ;  2,  mitral  valve;  8,  4,  columnm 
carnece ;  5,  aortic  opening;  G,  aorta;  7,  8,  i),  aortic 
Halves;  10,  right  ventrioulai'  cavity;  11,  intervontricular 
septum;  12,  pulmonary  artery;  13,  li,  pulmonic  valves; 
15,  left  auricular  cavity ;  16,  16,  right  pulmonary  veins, 
with  17, 17,  openinga  of  the  veins ;  18,  section  of  the  cor- 
onary vein. 


CIRCULATION  OF  THE  BLOOD. 


38 

These  envelop  both  ventrleles.  ;^^r .'^'^ ^^^'Z::"^:^^^^^^^^^ 
„.arked  by  a  little  ,-oove  which  mdlcte,  the  ^^Z.  or  „a„,erse. 

and  surround  each  ventricle  separately. 

The  muscular  tissue  of  the  heart 
is  of  a  deep-red  color  and  resembles,  in 
its  gross  cliaracters,  the  tissue  of  ordi- 
nary voluntary  muscles ;  but,  as  already 
intimated,  it  presents  certain  peculiar- 
ities in  its  minute  anatomy.    The  fibres 
are  considerably  smaller  and  more  gran- 
ular than  those  of  ordinary  muscles.  They 
are,  moreover,  connected  with  each  other 
by  short  inosculating  branches,  whUe  m 
the  voluntary  muscles  each  fibre  runs 
from  its  origin  to  its  insertion  enveloped 
in  its  proper  sheath,  or  sarcolemma.  The 
muscular  fibres  of  the  heart  have  no  sar- 
colemma. These  peculiarities,  particular- 
ly the  inosculation  of  the  fibres,  favor  the 
contraction  of  the  ventricular  walls  in 
every  direction  and  the  complete  expul- 
sion of  the  contents  of  the  cavities  with 

each  systole. 

The  distribution  of  the  nerves  to  the 
heart  and  the  arrangement  of  the  ganglia 
and  nerve-terminations  in  its  substance 
will  be  taken  up  in  connection  with  the 
influence  of  the  nervous  system  upon  he 
action  of  the  heart. 

Each  ventricle  has  two  orifices;  one 
by  which  it  receives  the  blood  from  the 
auricle,  and  the  other  by  which  the  blood 
passes  from  the  right  side  to  the  lungs 
and  from  the  left  side  to  the  system 
cava;  .1,  a„..,  -  AH  of  these  Openings  are  provided  with 

valves,  which  are  so  arranged  as  to  ^1;°- *f  .^^^f  ^^^^^^^  It 
Tricuspid  rahe.-This  valve  is      f  f  .^J  *^'^Srane,  which  are  attached  around 
has  three  curtains,  formed  of  a  t^m  but  re  istmg  xn^^^^^^^   ^  ^^^^     ^,^,1,  ,Hse 

the  opening.  The  free  borders  are  attached  t"  the  hoi  ^.^^^^^^  ^^^^  ^^^^ 

from  the  papilla  on  the  inner  surface  of  ^^'^J-;^^';;  ^^^^  ,re  applied  to  the  walls  ot 
of  tho  ventricle.    When  the  organ  is  ^^P^;*;  but  when  the  ventricle  is 

the  ventricle,  leaving  the  ^^V'^'"''"? T  bev  a^^^^^^^^^^      "P'  ^^^"^ 
completely  filled  and.  the  fibres  contract  they 

applied  to  each  other,  and  the  openmg  is  closeU-  id  calves  of  the 

''pulmonic  Val.es.-Tl..se  valves  also  ^^^^J^l^^^'  ^^,^,3,    They  are  strong  mem- 
right  side,  are  situated  at  the  orifice  of  t^e  puimo     y  ^^^^^^ 
br'anous  pouches,  with  tl-iv  convexities  when   l^  e^^^^^  applied  very 

They  are  attached  around  the  orifice  °f    °  ^      from  the  ventricle ;  but  at 

nearly  to  the  walls  of  the  vessel  when  ^J^  J^^^  J  ^  ^^^^^^^  regurgitation  of  blood.  A 
r:rXr«:^^-  cLpusde  Cled  the  corpuscle  of 


Fio.  U.-ItigM  cavities  of  the  heart.   (Bonamy  and  Beau.) 

nary  vein;  6,  Eustachian  ^»>^^^J'"°'5o  inferior  -vena 
R  fo89a  ovalis;  9,  superior  vena  cava,  lu,  inienui 
ckvaT  iraoHa;  12,  12,  right  puhnonary  vems. 
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-Vrantius-  and  just  above  the  margins  of  attachment  of  the  valves,  the  artery  presents 
three  little  dilatations,  or  sinuses,  called  the  sinuses  of  Valsalva.  The  corpuscles  of 
Arantius  probably  aid  in  the  adapta- 
tion of  the  valves  to  each  other  and 
in  the  effectual  closure  of  the  orifice. 

Mitral  Valve.— Thia  valve,  some- 
times caUed  the  bicuspid,  is  situated 
at  the  left  auriculo-ventricular  orifice. 
It  is  called  mitral  from  its  resem- 
blance, when  open,  to  a  bishop's  mi- 
tre. It  is  attached  to  the  edges  of  the 
opening,  and  its  free  borders  are  held 
in  place,  when  closed,  by  the  chords 
tendinete  of  the  left  side.  It  presents 
no  material  difference  from  the  tri- 
cuspid valve,  with  the  exception  that 
it  is  divided  into  two  curtains  instead 
of  three. 

Aortic  Valves.— These  valves,  also 
called  the  semilunar  or  sigmoid  valves 
of  the  left  side,  present  no  difference 
from  the  valves  at  the  orifice  of  the 
pulmonary  artery.  They  are  situated 
at  the  aortic  orifice. 

The  physiological  anatomy  of  the 
tricuspid  and  mitral  valves  may  be 
studied  by  cutting  away  the  auricles 
so  as  to  expose  the  auriculo-ventric- 
ular openings,  introducing  a  pipe  into 
the  pulmonary  artery  and  aorta,  after 
destroying  the  semilunar  valves,  and 
then  forcing  water  into  the  ventricles 
by  a  syi-inge  or  from  a  hydrant.  In  this  way  the  play  of  the  valves  may  be  strikingly 
exhibited. 

We  can  study  the  action  of  the  semilunar  valves  by  cuttmg  away  enough  of  the  ven- 
tricles to  expose  them  and  forcing  water  mto  the  vessels.    These  experiments  give  an 


Fig.  15.— 3fuscular  fibres  of  the  rentrioles.  (Bonamy  and  Beau.) 
1  superficial  fibres,  common  to  both  ventricles ;  2.  fibres  of  the 
'    left  ventricle ;  8,  deep  fibres,  jiassins  upward  toward  the 
base  of  the  heart ;  i,  fibres  peuetratiug  the  left  ventricle. 


Fio.  IG.—Anustomosing  muscular  Jibrcs  of  the  heart.  (Morel.) 


idea  of  the  immense  strength  of  the  valves ;  for  they  can  hardly  be  ruptured  by  a  force 
which  is  not  sufficient  to  rupture  the  vessels  themselves. 
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Pig.  it.—  Vaioes  of  the  heart.    (Bonamy  and  Beau.) 
1,  Eight  aurioulo- ventricular  orifice,  closed  by  the  tricuspid  valve;  2,  fibrinous  ring;  3,  left  auriculo-ventricukr 
orifice,  closed  by  the  mitral  valve;  4,  fibrinous  ring;  5,  aortic  orifice  and  valves;  6,  pulmonic  orifice  and  valves; 
7,  8,  9,  muscular  fibres. 

Movements  of  the  Heart. 

In  studying  the  phenomena  which  accomyjany  the  action  of  the  heart,  we  shall  fol- 
low the  course  of  the  blood,  beginning  with  it  as  it  flows  from  the  vessels  into  the  auri- 
cles. Tlie  dilatation  of  the  cavities  of  the  heart  is  called  the  diastole,  and  the  contrac- 
tion of  the  heart,  the  systole.  When  these  terms  are  used  without  any  quahfication, 
they  are  understood  as  referring  to  the  ventricles  ;  but  they  are  also  applied  to  tlie  action 
of  the  auricles,  as  the  auricular  diastole  or  systole,  which,  as  we  shall  see,  is  distinct 
from  the  action  of  the  ventricles. 

A  complete  revolution  of  the  heart  consists  in  the  filling  and  emptying  of  all  its  cavi- 
ties, during  which  they  experience  an  alternation  of  repose  and  activity.  As  these  phe- 
nomena occupy,  in  many  warm-blooded  animals,  a  period  of  time  less  than  one  second, 
it  will  be  appreciated  that  the  most  careful  study  is  necessary  in  order  to  ascertain  their 
exact  relations  to  each  other.  When  the  heart  is  exposed  in  a  living  animal,  the  most 
prominent  phenomenon  is  the  alternate  contraction  and  relaxation  of  the  ventricles ; 
but  this  is  only  one  of  the  operations  of  the  organ.  In  aU  the  mammalia,  the  anatomy 
and  action  of  the  vascular  system  are  to  all  intents  and  purposes  the  same  as  m  the  hu- 
man subject ;  and.  although  the  exposure  of  the  heart  by  opening  the  chest  modifies  some- 
what the  force  and  frequency  of  its  pulsations,  the  various  phenomena  follow  each  other 
in  their  natural  order  and  present  essentially  their  normal  characters.  The  operation  of 
exposure  of  the  heart  may  be  performed  on  a  living  animal  without  any  great  difliculty ; 
and  if  we  simply  take  care  to  keep  up  artificial  respiration,  the  action  of  the  heart  will 
continue  for  a  considerable  time.  We  may  keep  the  animal  quiet  by  the  administration 
of  ether  or  by  poisoning  with  woorara,  the  latter  agent  acting  upon  the  motor  nerves 
but  having  no  efi-ect  upon  the  heart.  Having  opened  the  chest,  we  see  the  heart,  envel- 
oped in  its  pericardium,  contracting  regularly,  and,  on  slitting  up  and  removing  this 
covermg,  the  various  parts  are  completely  exposed.  The  right  ventricle  and  auricle  aiid 
a  portion  of  the  left  ventricle  can  be  seen  without  disturbing  the  position  of  the  parts; 
hut  the  greater  part  of  the  left  auricle  is  concealed.  As  both  auricles  and  ventricles  act 
together,  the  parts  of  the  heart  which  are  exposed  are  sufficient  for  purposes  of  study. 


Action  of  the  Auricles.--Ex<^^V^  the  short  time  occupied  in  the  contraction  of  the 
auricles,  these  cavities  are  continually  receiving  blood  on  the  right  side  from  the  system 
by  the  vena  cava3,  and  on  the  left  side  from  the  lungs,  by  the  pulmonary  veins.  This 
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continues  until  the  cavities  of  the  auricles  are  completety  filled,  the  blood  coming  in  by 
a  steady  current ;  and,  during  the  repose  of  the  heart,  the  blood  is  also  flowing  through 
the  anriculo-ventricular  orifices  into  the  ventricles.  "When  the  auricles  have  become 
fully  distended,  they  contract  quickly  and  with  considerable  power  (the  auricular  sys- 
tole), and  force  the  blood  into  the  ventricles,  producing  complete  diastole  of  these  cavi- 
ties. During  this  contraction,  the  blood  not  only  ceases  to  flow  in  from  the  veins,  but 
some  of  it  is  regurgitated,  as  the  orifices  by  which  the  vessels  open  into  the  auricles  are 
not  provided  with  valves.  The  size  of  the  auriculo-ventricular  orifices  is  one  reason 
why  the  greater  portion  of  the  blood  is  made  to  pass  into  the  ventricles ;  and,  farther- 
more,  during  the  auricular  systole,  the  muscular  fibres  which  are  arranged  around  the 
orifices  of  the  veins  constrict  them  to  a  certain  extent,  which  tends  to  diminish  the  reflux 
of  blood.  There  can  be  no  doubt  that  some  regurgitation  takes  place  from  the  auricles 
into  the  veins,  but  this  prevents  the  possibility  of  over-distention  of  the  ventricles. 

It  has  been  shown  by  experiments  that  the  systole  of  the  auricles  is  not  immediately 
necessary  to  the  performance  of  the  circulation ;  and  the  contractility  of  the  auricles 
may  be  temporarily  exhausted  by  prolonged  ii-ritation,  the  ventricles  continuing  to  act, 
keeping  up  the  circulation  of  blood. 

Action  of  the  Ventricles. — Immediately  following  the  conti-action  of  the  auricles,  by 
-which  the  ventricles  are  completely  distended,  we  have  contraction  of  the  ventricles. 
This  is  the  chief  active  operation  performed  by  the  heart  and  is  generally  spoken  of  as 
the  systole.  As  we  should  expect  from  the  great  thickness  of  the  muscular  walls,  the 
contraction  of  the  ventricles  is  very  mucb  more  powerful  than  that  of  the  auricles.  By 
their  action,  the  blood  is  forced  from  the  right  side  to  the  lungs  by  the  pulmonary  artery, 
and  from  the  left  side  to  the  system  by  the  aorta.  Regurgitation  into  the  auricles  is  pre- 
vented by  the  closure  of  the  tricuspid  and  mitral  valves.  This  act  accomplished,  the 
heart  has  a  period  of  repose,  the  blood  flowing  into  the  auricles,  and  from  them  into  the 
ventricles,  until  the  auricles  are  filled  and  another  contraction  takes  place. 

Locomotion  of  the  Eeart. — The  position  of  the  heart  after  death  or  during  the  re- 
pose of  the  organ  is  with  its  base  directed  slightly  to  the  right  and  its  apex  to  the  left 
side  of  the  body.  "With  each  ventricular  systole,  it  raises  itself  up,  the  apex  is  sent  for- 
ward, and  is  moved  slightly  from  left  to  right.  The  movement  from  left  to  right  is  a 
necessary  consequence  of  the  course  of  the  superficial  fibres.  The  fibres  on  the  anterior 
surface  of  the  organ  are  longer  than  those  on  the  posterior  surface,  and  pass  from  the 
base,  which  is  comparatively  fixed,  to  the  apex,  which  ismpnovabk.  As  a  consequence 
of  this  anatomical  arrangement,  the  heart  is  moved  upward  and  forward  during  its  sys- 
tole. The  course  of  the  fibres  from  the  base  to  tlie  apex  is  from  right  to  left ;  and,  as 
they  shorten,  the  apex  is  of  necessity  slightly  moved  from  left  to  right. 

The  locomotion  of  the  entire  heart  forward  was  observed  by  Harvey,  in  the  case  of 
the  son  of  the  Viscount  Montgomery.  The  young  man,  aged  about  nineteen  years,  suf- 
fered a  severe  injury  to  the  chest,  resulting  in  an  abscess,  which  on  cicatrization  left 
an  opening  into  which  Harvey  could  introduce  three  fingers  and  the  thumb.  This 
opening  was  directly  over  the  apex  of  the  heart.  The  action  of  the  portion  of  the  heart 
thus  exposed  is  described  by  Harvey  in  the  following  words : 

"  We  also  particularly  observed  the  movements  of  the  heart,  viz. :  that  in  the  dias- 
tole it  was  retracted  and  withdrawn  ;  whilst  in  the  systole  it  emerged  and  protruded ; 
and  the  systole  of  the  heart  took  place  at  the  moment  the  diastole  or  pulse  in  the  wrist 
was  perceived.  To  conclude,  the  heart  struck  the  walls  of  the  chest,  and  became  promi- 
nent at  the  time  it  bounded  upward  and  underwent  contraction  on  itself." 

The  locomotion  of  the  heart  takes  place  in  the  direction  of  its  axis  and  is  due  to  the 
sudden  distention  of  the  great  vessels  at  its  base.  These  vessels  are  eminently  elastic, 
and,  as  they  receive  the  charge  of  blood  from  the  ventricles,  become  enlarged  in  every 
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diroctioii  and  consequently  project  the  entire  organ  against  tlie  walls  of  the  chest.  This 
movement  is  aided  by  the  recoil  of  the  ventricles  as  they  discharge  their  contents.  The 
displacement  of  the  heart  during  its  systole  has  long  been  observed  in  vivisections  and 
may  be  demonstrated  in  any  of  the  mammals.  The  most  interesting  observations  on 
this  point  are  those  of  Ghauveaii  and  Faivre,  which  were  made  upon  a  monkey.  In  this 
animal,  in  which  the  position  of  the  heart  is  very  much  the  same  as  in  the  human  sub- 
ject, the  locomotion  of  the  organ  was  fully  established. 

Twisting  of  the  Heart.— Tho  spiral  course  of  the  superficial  fibres  would  lead  ns  to 
look  for  another  phenomenon  accompanying  its  contraction  ;  namely,  twisting.  If  we 
attentively  watch  the  apex  of  the  heart,  especially  when  its  action  has  become  a  httle 
retarded,  there  is  a  palpable  twisting  of  the  point  upon  itself  from  left  to  right  with  the 
systole,  and  an  untwisting  with  the  diastole. 

hardening  of  the  Heart.— If  the  heart  of  a  living  animal  be  grasped  by  the  hand,  it 
will  be  observed  that  at  each  systole  it  becomes  hardened.    The  fact  that  it  is  composed 
almost  exclusively  of  fibres,  resembling  very  closely  those  of  the  voluntary  muscles,  . 
explains  this  phenomenon.    Like  any  other  muscle,  it  is  sensibly  hardened  during  con- 
traction. 

Shortening  and  Elongation  of  the  ^.ari.-The  phenomena  which  we  have  just  de- 
scribed are  admitted  by  all  writers  on  physiology  and  can  easily  be  observed ;  but  the 
change  in  length  of  the  heart  during  its  systole  has  been  a  matter  of  discussion.  AH  who 
have  st^idied  the  heart  in  action  have  observed  changes  in  length  during  contraction  and 
^elaxa  on  •  but  the  contemporaries  of  Harvey  were  divided  as  to  the  periods  m  the  heai^  . 
acSn  whl^h  are  attended  with  elongation  and  shortening,    ^arvey  him^^^^^^^ 

elongation  during  the  systole  ;  but  HaUer  l^^^^^"'' that  the  heart  is 

com^s  shortened.  The  view  generally  entertained  a  ^^^J^^^^l  ^^^^^^^  truded 
shortened  during  its  systole.    There  as  no  doubt        * ^^^^^^^^^  the  Ventricles, 

during  the  ventricular  systole,  but  this  p^^^^^^ 
By  suddenly  cutting  the  heart  out  ot  a  waim  dioou« 

en'a  which  Lcompany  the  few  regular  cont-tions  which  f  U^^^^^^  ;Vi;;eciated  by  the 
tricles  invariably  shorten  during  the  systole.  T^!^  ;'^;  ^^^J.^  ,  J4,t  with  a  plane 
eye,  but  more  readily  if  the  point  of       -S^n  .^rufm^  observed  to  recede, 

surface  at  right  angles,  when,  at  each  -  tion  t  nnm^t  y  ^^^^  ^^^^^^^^ 
The  following  experiments  we  have  frequently  r^ea  ed  beto 

Hospital  Medical  College,  and  have  satisfied  o^y^^^^^.^  artificial  respiration 

foumlland  pup,  about  nine  months  o  d,  ^^J^-^f, ^Zusion  of  the  point  and 
was  kept  up,  and  the  heart  exposed.    After  showing        1  rapidly  removed, 

the  apparent  elongation  of  the  heai-t  while  ^^^J^^^^^^^fj  the  base,  pinning 

placed  upon  the  table,  and  confined  by  two  ^^^Sf  ^fjf  ^^f^f  J^^^  ,^3tole  the  ventricles 
t  to  the  wood.    It  contracted  for  one  or  t-""  "^J^^f^'^^^^^  an  upright,  and  it  re- 

were  manifestly  shortened^  The  point  .^^^^  this  ph—  -s  'apparent  to 

ceded  with  each  systole  about  an  eighth  of  ^n  >^o^..    i     V  ^^^^.^^^ 
all  present.    In  another  experiment.  P-f-ned  ^  ^  Ty  pinning  t  ^vith  two  needles  to 
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at  right  angles  to  and  touching  the  point  during  the  diastole,  and  a  small  silver  tube 
was  introdiiced  through  the  walls  into  the  left  veatricle.  At  each  contraction,  a  jet 
of  blood  spurted  out  through  the  tube,  and  the  point  of  the  lieart  receded  from  the 
knife  about  an  eighth  of  an  inch.  The  animal  experimented  upon  was  a  dog  a  little 
above  the  medium  size.  These  simple  experiments  demonstrate  that,  in  the  dog  at 
least,  the  ventricles  shorten  during 

their  systole.  The  arrangement  of  an 
the  muscular  fibres  is  too  nearly  <\         1  H 

identical  in  the  heart  of  the  warm-  a 
blooded  animals  to  leave  room  for  2#>'^''''^?  f 

doubt  that  it  also  shortens  in  the  ^  ,/W — \ 

human  subject.     The  error  which  %v  ^  ■■'''  J)  \, 

has  arisen  in  this  respect,  and  which  'C'iij=^--~^;;i:i:i;Il!^Ma^-  ^\ 

obtained  in  our    first  experiments   iiv.-Mi...i"'>'i"'  I'l'i-"  •  "-'i"''^' 

made  in   1861,  is  due  to   the  loco-  ^^<^.  lS.-I>iaora,n  of  tke  sk^rtenf^^ 

motion  and  protrusion  of  the  entire   The  dotted  lines  show  the  position  ofthe  heart  during  contraction. 

organ,  so  as  to  make  the  point  strike 

against  the  chest.  A  little  reflection  indicates  the  mechanism  of  this  phenomenon. 
During  the  intervals  of  contraction,  the  great  vessels,  particularly  the  aorta  and  pul- 
monary artery,  which  attach  the  base  of  the  heart  to  the  posterior  wall  of  the  thorax, 
are  filled  but  not  distended  with  blood;  at  each  systole,  however,  these  vessels  are 
distended  to  their  utmost  capacity ;  their  elastic  coats  permit  of  considerable  enlarge- 
ment, as  can  be  seen  in  the  living  animal,  and  this  enlargement,  taking  place  in  every 
direction,  pushes  the  whole  organ  forward.  "We  have  also  considerable  locomotion  of 
the  heart  from  recoil.  It  is  for  this  reason  that,  observing  the  heart  in  situ,  the 
ventricles  seem  to  elongate.  It  is  only  when  we  examine  the  heart  firmly  fixed,  or 
contracting  after  it  is  removed  from  the  body,  that  we  can  appreciate  the  actual  changes 
which  occur  in  the  length  of  the  ventricles.  During  the  systole  the  ventricles  are  short- 
ened and  are  narrowed  in  their  transverse  diameter,  but  their  antero-posterior  diameter 
is  slightly  increased. 

In  addition  to  the  marked  changes  in  form,  position,  etc.,  which  the  heart  undergoes 
during  its  action,  we  observe,  on  careful  examination,  that  the  surface  of  the  ventricles 
becomes  marked  with  slight  longitudinal  ridges  during  the  systole.  This  was  not  noted 
by  Harvey  but  is  mentioned  by  Ilaller. 

Impulse  of  the  Heart. — Each  movement  of  the  heart  produces  an  impulse,  which  can 
be  readily  felt  and  sometimes  seen,  in  the  fifth  intercostal  space,  a  little  to  the  left  of  the 
median  line.  Vivisections  have  demonstrated  that  the  impulse  is  synchronous  with  the 
contraction  of  the  ventricles.  If  the  hand  be  introduced  into  the  chest  of  a  living  animal, 
and  the  finger  be  placed  between  the  point  of  the  heart  and  the  walls  of  the  thorax, 
every  time  that  we  have  a  hardening  of  the  point,  the  finger  will  be  pressed  against  the 
side.  If  the  impulse  of  the  heart  be  felt  while  the  finger  is  on  the  pulse,  it  is  evident 
that  the  heart  strikes  against  the  thorax  at  the  time  ef  the  distention  of  the  arterial 
system.  The  impulse  is  due  to  the  locomotion  of  the  ventricles.  In  the  words  of  Harvey, 
"the  heart  is  erected,  and  rises  upwards  to  a  point,  so  that  at  this  time  it  strikes  against 
the  breast  and  the  pulse  is  felt  externally."  In  the  case  of  the  son  of  the  Viscount  Mont- 
gomery, already  referred  to,  Harvey  gives  a  most  graphic  description  of  the  manner  in 
which  the  heart  is  "retracted  and  withdrawn"  during  the  diastole,  and  "emerged  and 
protruded"  during  the  systole. 

Succession  of  the  Movements  of  the  Eeart. — "We  have  already  followed,  in  a  general 
way,  the  course  of  the  blood  through  the  heart  and  the  successive  action  of  the  various 
parts;  but  wo  have  yet  to  consider  these  points  more  in  detail,  and  to  ascertain,  if  possi- 
ble, the  relative  periods  of  activity  and  repose  in  each  portion  of  the  organ. 
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Tho  great  points  in  the  succession  of  movements  are  readily  observed  in  the  heart* 
of  cold-blooded  animals,  in  which  the  pulsations  are  very  slow.  In  examining  the  heart 
of  tho  frog,  turtle,  or  alligator,  tho  alternations  of  repose  and  activity  are  very  strongly 
marked.  Dm-ing  the  intervals  of  contraction,  the  whole  heart  is  flaccid,  and  the  ventricle 
is  comparatively  pale ;  we  then  see  the  auricles  slowly  filling  with  blood ;  wlien  they 
have  become  fully  distended,  they  contract  and  fill  tho  ventricle,  which,  in  these  animals, 
is  single  •  the  ventricle  immediately  contracts,  its  action  following  upon  the  contraction 
of  the  auricles  as  if  it  were  propagated  from  them.  When  the  heart  is  filled  with  blood, 
it  has  a  dark-red  color,  which  contrasts  strongly  with  its  appearance  after  the  systole. 
This  operation  may  occupy  from  ten  to  twenty  seconds,  giving  an  abundance  of  time  for 
observation.  The  case  is  different,  however,  with  the  warm-blooded  animals,  m  which 
the  anatomy  of  the  heart  is  nearly  the  same  as  in  man.  Here  a  normal  revolution  may 
occupy  less  than  a  second;  and  it  is  evident  that  the  varied  phenomena  we  have  just 
mentioned  are  followed  with  the  utmost  difiiculty.  In  spite  of  this  rapidity  of  action,  it 
can  be  seen  that  a  rapid  contraction  of  the  auricles  precedes  the  ventricular  systole,  and 
that  the  latter  is  synchronous  with  the  impulse. 

Various  estimates  have  been  made  of  the  relative  time  occupied  by  the  auricular  and 
ventricular  contractions;  and  the  question  has  been  at  last  definitely  settled  by  the 
observations  of  Marey,  who  has  constructed  very  ingenious  and  delicate  instruments  for 
registering  the  form  and  frequency  of  the  pulse.  He  devised  a  series  of  most  mteresting 
experiments,  in  which  he  was  enabled  to  register  simultaneously  the  pulsations  of  the 
different  divisions  of  the  heart,  and  has  succeeded  in  establishing  a  definite  relation  be- 
tween the  contractions  of  the  auricles  and  ventricles.  The  method  of  Marey  enables 
us  to  determine,  to  a  small  fraction  of  a  second,  the  duration  of  the  contraction  of  each 
of  the  divisions  of  the  heart.  ...  4.  „ 

The  method  of  transmitting  the  movement  from  the  heart  to  a  ^'^g-f  ,7  b^ 
is  very  simple.  The  apparatus  consists  of  two  little  elastic  bags  connected  togethei  by 
an  e  astio  Le,  the  wl^le  closed  and  filled  with  air.  A  pressure,  like  the  pr™  f 
the  fingers,  upon  one  of  these  bags  produces,  of  course,  an  instantaneous  and  conespond- 
ng  dilati  on  of  the  other.  If  we  suppose  one  of  these  bags  to  be  introduced  into  one 
of  the  Ses  of  the  heart,  and  the  other  placed  under  a  small  lever  arranged  on  a  pivot 
as  to  be  sensible  to  the  'slightest  impression,  it  is  evident  t^^^^-^^-^P-Xr  ,t 
bag  in  the  heart  would  produce  a  correspondmg  change  in  -^^^^^^^^^  ^  f^; 

which  would  be  indicated  by  a  movement  of  the  lever.    Marey  arranged  the  le^  er  with 

connected  with  the  lever,  is  called  the  terminal  bag    The  fomei  n.aj 

form  with  reference  '^'^  *?l';h"SclVe\t  tt S^^^  between  the  „etole  ot 

°^lSi«rrIe  ri.ht  Sid,  0<  the  heart  thron.h  ^e  on.uUr  ,eln  »n 
operatio„«hich„a,hepe.«^^^ 

r^rtLTeXthfC  L-'U-e  corrcpondin. 
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ternal  intercostal  muscle  over  the  point  where  the  apex-beat  is  felt.  A  little  bag,  stretched 
over  two  metallic  buttons  separated  by  a  central  rod,  is  then  carefully  secured  in  the 
cavity  thus  formed,  and  conuected  by  an  elastic  tube  with  the  registering  apparatus. 
All  the  tubes  are  provided  with  stop-cocks,  so  that  each  initial  bag  may  be  made  to  com- 
municate with  its  lever  at  will.  When  the  operation  is  concluded  and  the  sound  firmly 
secured  in  place  by  a  ligature  around  the  vein,  the  animal  experiences  no  inconvenience, 
is  able  to  walk  about,  eat,  etc.,  and  there  is  every  evidence  that  the  circulation  is  not  in- 
terfered with.  The  cylinders  which  caii-y  the  paper  destined  to  receive  the  traces  are 
arranged  to  move  by  clock-work  at  a  given  rate.  The  paper  may  also  be  ruled  in  lines, 
the  distances  between  which  represent  certain  fractions  of  a  second.  Fig.  19  represents 
the  apparatus  reduced  to  one-sixth  of  its  actual  size.    Two  of  the  levers  are  connected 


Pio.       Cardiograph.   (Ohauveau  and  Marey.) 

"'^''ffrS.w°?nn„*rif,''°'?rr-'^  f        PriDcipal  elements:  A  E,  the  registering  apparatus,  and  A  S,  the  sphygmo- 
SrVrt"'^K  T^'''^  ^1^<^^^B,  transmits,  and  ampliflSs  the  moyements  Which  are  to  be 

ter^o^fll  m„t,„=^''™'H°°f''^''!;"'l"P.°°v,*¥  b«gpv'»'li'»'i  is  placed  over  the  apex  of  the  heart  between  the  in- 
Sd  nnn^^h!.  Inil  .""^^"'''''^^^  ^"j  ^"■^^"'^    ^^"^  ^""^  t^e  fifst  lever.   The  compression  ex- 

ThrnTempn  t«  nf  ,1  r  T"?*^'     «oi"l"=ted  by  the  tubes  i!  o  and  <  «  to  the  two  remaining  levers, 

ihe  movements  oi  the  levers  are  regiitered  simultaneously  by  the  cylinders  A  E. 


With  the  double  sound  for  the  right  auricle  and  ventricle,  and  one  is  connected  with  the 
bag  destined  to  receive  the  impulse  of  the  heart.  In  an  experiment  upon  a  horse,  every 
thing  being  carefully  arranged  in  the  way  indicated,  the  clock-work  was  set  in  motion, 
and  the  movements  of  the  three  levers  produced  traces  upon  the  paper  which  were 
interpreted  as  follows : 

1.  The  paper  was  ruled  so  that  each  division  represented  one-tenth  of  a  second.  The 
traces  formed  by  the  three  levers  indicated  four  revolutions  of  the  heart.  The  first  revo- 
lution occupied  1-rV  sec,  the  second,  1^^  sec,  the  third,  1,^  sec,  and  the  fourth,  1  sec. 

2.  The  auricular  systole,  as  marked  by  the  first  lever,  immediately  preceded  the  ven- 
tricular systole,  and  occupied  about  two-tenths  of  a  second.  The  elevation  of  the  lever 
indicated  that  it  was  much  more  feeble  than  the  ventricular  systole,  and  sudden  ui  its 
character;  the  contraction,  when  it  had  arrived  at  the  maximum,  being  immediately  fol- 
lowed by  relaxation. 

3.  The  ventricular  systole,  as  marked  by  the  second  lever,  immediately  followed  the 
auncular  systole,  and  occupied  about  four-tenths  of  a  second.  The  almost  vertical  direc- 
tion ot  the  trace  and  the  degree  of  elevation  showed  that  it  was  sudden  and  powerful  in 
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its  character.    The  abrupt  descent  of  the  lever  showed  that  the  relaxation  was  almost 

instantaneous.  ,        ^   i    „i  „„i.,t„ 

4.  The  impulse  of  the  heart,  as  marked  by  the  third  lever,  was  shown  to  be  absolute- 
ly synchronous  with  the  ventricular  systole.  ■, .   ^  * 

Condensing  the  general  results  obtained  by  Marey,  which  are  of  course  subject  to  a 
certain  amount  of  variation,  we  have,  dividing  the  action  of  the  heart  mto  ten  equal 
parts,  three  distinct  periods,  which  occur  in  the  foUowmg  order:  .  ,vi« 

Auricular  Systole.-This  occupies  two-tenths  of  the  heart's  action.  It  is  feeble  as 
compared  with  the  ventricular  systole,  and  relaxation  immediately  follows  the  contraction. 

Ventricular  Systole.-This  occupies  four-tenths  of  the  heart's  action.  The  contrac- 
tion is  powerful  and  the  relaxation,  sudden.  It  is  absolutely  synchronous  with  the  im- 
pulse of  the  heart. 

Auricular  Diastole. -This  occupies  four-tenths  of  the  heart  s  action. 

Force  of  the  ffeart.-Theve  are  few  points  in  physiology  concerning  which  opinions 
have  been  more  widely  divergent  than  the  question  of  the  force  ^P^^/f  .^^  ^J^^^^*^^^ 
each  contraction.  Borelli,  who  was  the  first  to  give  a  definite  estnna  e  of  this  fo  c^,  put 
it  at  180,000  pounds,  while  the  calculations  of  Keill  give  only  5  ounces  These  estimates, 
however  well  made  on  purely  theoretical  grounds.  Borelli  estimated  force  em- 
ployed by'he  deltoid  in  sLilg  a  given  weight  held  at  arm's  -S*' --^^^^^ 
estimate  of  the  power  of  the  heart  by  comparing  tbe  weight  of  the  orga^j  tha  of 
the  deltoid  Keill  made  his  estimate  from  a  calculation  of  the  lapidity  ot  the  cu  lem 
"it  the  arteries.  Hales  was  the  first  to  — ^  t^^^ 
by  the  application  of  the  cardiometer.         showed  ha^^^^^^^ 

aorta  could  be  — ed  by  th^^  Jeight  te  .bic^  l^^^^^^llZ^^,^,  the  press- 
with  that  vessel,  and  estimated  the  torce  ot  tne  lei  ,  ■        The  cardiometer 

ure  in  the  aorta  by  the  area  of  the  internal  ^f!^;^  .^^f^^^J^^'tve  is  the  principle 
has  undergone  various  i-P-— ^^^^^ 

which  is  so  extensively  made  use  of  at  the  present  aay  ii^provement  of 

blood  in  different  parts  of  the  cii-culatory  ^l^^^.J'^^^^^^^^^  the  long  straight  tube 
Poiseuille,  who  substituted  a  IJ-tube  partly  filled  ^^Jf  "^^'^^J  ^    Magendie,  Ber- 

of  Hales;  and  then,  the  various  forms  of  '^^f]''^';  '^^^^^ 

nard,  Marey,  and  others,  which  will  be  more  fully  jVvXey^ith  very  good 

rial  Circulation.    These  i-«ts  l.ave  bee^^^^^^^^^  ^art. 
results,  in  investigating  the  relative  force        .^.^J  ^'^if  th^^^        to  which  the  blood 
Hales  estimated,  from  experiments  upon  Imng  ^^^^^^^  ,  ^^.t  6  inches, 

would  rise  in  a  tube  connected  with  the  ^^J^^^fJ^^^^^  ,e  calculates  the 

and  gives  the  area  of  the  left  ventricle  as  15  ^^--^^^-^       g,,,^,te  is  only  an  ap- 
force  of  the  left  ventricle  as  equal  to  51  5  P^^^^^f^"  ,  f . /^han  any  other, 
proximation,  it  seems  to  be  based  on  more  cavities  of 

The  apparatus  of  Marey  for  registermg  the  c^^it' ventricles  and  the 
the  hear!  enabled  him  to  ascertain  the  -7^-  ^^J^^,"',  ^il'ty  of  introducing  a 
right  auricle ;  the  -tuation  of  the  ef  auricle  pre  lu^^  J  ^^^^^^^^ 

sound  into  its  cavity.    By  first  «"b.,ectmg  th  bags  to  ^^^^  g 

gree  of  elevation  of  a  lever  may  he  g™^^  f^*^  J^^;^^^^^  right  ventricle,  and  right 

liometer.  In  analyzing  traces  made  by  ^^J^^  J^^  ^^  J  ,lp„,,tive  force  of  the 
auricle,  in  the  horse,  Marey  ^o^-^'^^'^J'  Tiae  force  of  the  right  auricle  is  comparatively 
^::::;^t::Z  —  with      n^t  ventricle,  omy  as  one  to  ten. 

Action  of  tne  VaUes.-^^  have  already  indicated  the  course  of  the  hl^o^ough 
the  cavities  of  the  heart,  and  it  has  been  ^PP^^^^^^^^  one  direction.  The 

demand  some  arrangement  by  which  the  current  shall  y 
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anatomy  of  the  valves  which  guard  the  orifices  of  the  ventricles  gives  an  idea  of  their 
function  ;  but  we  have  yet  to  consider  the  precise  mechanism  by  which  they  are  opened 
and  closed  and  the  way  in  which  regurgitation  is  prevented. 

In  man  and  the  warm-blooded  animals,  there  are  no  valves  at  the  orifices  by  which 
the  veins  open  into  the  auricles.  As  has  already  been  seen,  compared  with  the  ventri- 
cles, the  force  of  the  auricles  is  insignificant ;  and  it  has  farthermore  been  shown  by  ex- 
periment that  the  ventricles  may  be  filled  with  blood  and  the  circulation  continue,  when 
the  auricles  are  entirely  passive.  Although  the  orifices  are  not  provided  with  valves, 
the  circular  arrangement  of  the  fibres  about  the  veins  is  such,  that  during  the  contrac- 
tion of  the  auricles  the  openings  are  considerably  narrowed,  and  regurgitation  cannot 
take  place  to  any  great  extent.  The  force  of  the  blood  flowing  into  the  auricles  like- 
wise oifers  an  obstacle  to  its  return.  There  is  really  no  valvular  apparatus  which  oper- 
ates to  prevent  regurgitation  from  the  heart  into  the  veins ;  for  the  valvular  folds, 
which  are  so  numerous  in  the  general  venous  system,  and  particularly  in  the  veins  of 
the  extremities,  do  not  exist  in  the  vente  cava3.  The  continuous  flow  of  blood  from  the 
veins  into  the  auricles,  the  feeble  character  of  the  auricular  contractions,  the  arrange- 
ment of  the  fibres  around  the  orifices  of  the  vessels,  and  the  great  size  of  the  auriculo- 
ventricular  openings,  are  conditions  which  provide  sufiiciently  for  the  flow  of  blood  into 
the  ventricles. 

Action  of  the  Aurieulo-  Ventricular  Vahes. — After  the  ventricles  have  become  com- 
pletely distended  by  the  auricular  systole,  they  take  on  their  contraction,  which,  it  will 
be  remembered,  is  very  many  times  more  powerful  than  the  contraction  of  the  auricles. 
They  have  to  force  open  the  valves  which  close  the  orifices  of  the  pulmonary  arteiy  and 
aorta  and  empty  their  contents  into  these  vessels.  To  accomplish  this,  at  tlie  moment  of 
the  ventricular  systole,  there  is  an  instantaneous  and  complete  closure  of  the  auriculo- 
ventricular  valves,  leaving  but  one  opening  through  which  the  blood  can  pass.  That 
these  valves  close  at  the  moment  of  contraction  of  the  ventricles  is  demonstrated  by  the 
experiments  of  Chauveau  and  Faivi-e,  who  introduced  the  flnger  through  an  opening  into 
the  auricle  and  actually  felt  the  valves  close  at  the  instant  of  the  ventricular  systole. 
This  tactile  demonstration,  and  the  fact  that  the  first  sound  of  the  heart,  which  is  pro- 
duced in  great  part  by  the  closure  of  the  auriculo-ventricular  valves,  is  synchronous 
with  the  ventricular  systole,  leave  no  doubt  as  to  the  mechanism  of  the  closure  of  these 
valves.  It  is  probable  that,  as  the  blood  flows  into  the  ventricles,  the  valves  are  slight- 
ly floated  out,  but  they  are  not  closed  until  the  ventricles  contract. 

If  a  bullock's  heart  be  prepared  by  cutting  away  the  auricles  so  as  to  expose  the 
mitral  and  tricuspid  valves,  securing  the  nozzles  of  a  double  syringe  in  the  pulmonary 
artery  and  aorta,  after  having  destroyed  the  semilunar  valves,  and  if  fluid  be  injected 
simultaneously  into  both  ventricles,  the  play  of  the  valves  will  be  exhibited.  The  mitral 
valve  effectually  prevents  the  passage  of  fluid,  its  edges  being  so  accurately  approxi- 
mated that  not  a  drop  passes  between  them  ;  but,  when  the  pressure  is  considerable,  a 
certain  quantity  of  fluid  passes  the  tricuspid  valve.  There  is,  indeed,  a  certain  amount 
of  insufticiency  at  the  right  auriculo-ventricular  orifict,  which  does  not  exist  on  the 
opposite  side. 

The  fact  just  noted  was  first  pointed  out  by  Mr.  T.  W.  King,  and  is  called  by  him  the 
"  safety-valve  function  of  the  right  ventricle."  The  advantage  of  this  slight  insufficiency 
is  apparent  on  a  little  reflection.  The  right  ventricle  sends  its  blood  to  the  lungs,  where, 
m  order  to  facilitate  the  respiratory  processes,  the  walls  of  the  capillaries  are  very  thin. 
The  lungs  themselves  are  exceedingly  delicate,  and  an  efiusion  of  blood,  or  considerable 
congestion,  would  be  liable  to  be  followed  by  serious  consequences.  To  prevent  this,  the 
right  ventricle  is  not  permitted  to  exert  all  its  force,  under  all  circumstances,  upon  the 
blood  going  into  the  pulmonary  artery  ;  but,  when  the  action  of  the  heart  is  exaggerated 
from  any  cause,  the  lungs  arc  relieved  by  a  .slight  regurgitation,  which  takes  place  through 
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the  tricuspid  valve.  Tlie  lungs  are  stiU  farther  protected  by  the  sufficiency  of  the  mitral 
valve,  which  effectuaUy  prevents  regurgitation  from  the  left  ventricle.  In  the  systemic 
circulation,  the  capillaries  are  less  deUcate  ;  extravasation  of  blood  would  not  be  followed 
by  any  serious  results  ;  and  the  circulating  fluid  is  made  to  pass  through  a  considerable 
extent  of  elastic  vessels,  before  it  is  distributed  in  the  tissues.  It  is  evident  that,  on 
the  left  side,  there  is  no  necessity  for  sucb  a  provision,  and  it  does  not  exist. 

Action  of  the  Aortic  and  Pulmonic  Vahes.-Tho  action  of  the  semilunar  valves  is 
nearly  the  same  upon  both  sides.  In  the  intervals  of  the  ventricular  contractions,  they 
are  closed  and  prevent  regurgitation  of  blood  into  the  ventricles.  The  systole  however, 
overcomes  the  resistance  of  these  valves  and  forces  the  contents  of  the  ventricles  into  he 
arteries  During  this  time,  the  valves  are  applied,  or  nearly  applied,  to  the  walls  ot  the 
vessel  •  but,  so  soon  as  the  ventricles  cease  their  contraction,  the  constant  pressure  of  the 
Wood  'which,  as  we  shall  see  hereafter,  is  very  great,  instantaneously  closes  the  openings. 

The  action  of  the  semilunar  valves  can  be  exhibited  by  cutting  away  a  portion  of  the 
ventricles  in  the  heart  of  a  large  animal,  securing  the  nozzles  of  a  double  syringe  m  the 
aorta  and  pvdmonary  artery,  and  forcing  water  into  the  vessels.    In  performmg  this  ex- 
periment it  will  be  noticed  that,  while  the  aortic  semilunar  valves  oppose  the  passage  of 
the  liquid  so  effectually  that  the  aorta  may  be  ruptured  before  the  valves  will  give  way, 
a  considerable  degree  of  insufficiency  exists,  mider  a  high  pressure,  at  the  on^ce  of 
pulmonary  artery.    There  is  at  this  orifice  a  safety-valve  func  ion  as  important  as  tha^ 
ascribed  by  King  to  the  tricuspid  valve.    It  is  evident  that  the  slight  insufBciency  at  the 
rimonic  orifice  may  be  even  more  directly  important  in  protecting  the  lungs  than  the 
fnsufficTncy  of  the  tricuspid  valve.    The  difl:erence  in  the  sufficiency  o  the  semilunar 
va^ron  the  two  sides  is  fully  as  marked  as  between  the  auricu^o-ventncular  valv  s  ; 
Indlt  is  surprising  that,  since  the  observations  of  King,  this  fact,  which  we  demonstrated 
for  the  first  time  in  1864,  has  not  attracted  the  attention  of  physiologists. 
'°    Hs  ;r  bile  that  th;  corpuscles  of  Arantius,  which  are  -^-te^m  the  m.ddle  of  e^^^^ 
valvular  curtain,  assist  in  the  accurate  closure  of  the  orifice.    The  sinuses  of  Valsalva^ 
lited  in  the  'artery  behind  the  valves,  are  regarded  as  facHitatmg  the  closure  of  the 
valves  by  allowing  the  blood  to  pass  easily  behmd  them. 

«     J    ^^7,    TT.^^f    Tf  the  ear  be  applied  to  the  prascordial  region,  it  will  be  found 
,,,JZ'^JoZ^Zt::^^^tJl^'^^\  oer..i»  Ln...    A  c.-eM         of  these 

r:,irjrf:Le  sr^^^^^ 

pulse.    It  is  natural,  therefore  m  ^^^/y'^S  ^.^^       ,,^ot  appreciate 

'^'^::t:^!'TZZX^^o^  ^--^  apex-beat.  The  second  so.jnd 
foUows  the  Vr^t  with  scarbely  In  appreciable  interval.    Between  the  second  and  the 

n=tr;:^r:;:?:~tthes^^^^^^ 

to  each  other,  by  certain  syllables,  as,  "  InU-dnp  or  lulM  ;    ^"^j*  ^^fX  fs 
to  attempt  t^  make  such  a  comparison,  which  can  only  be  Y^mt^^^  oL  he  so 
practically  acquainted  with  the  heart-sounds,  when  the  sounds  themselves  can 
easily  studied. 
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Both  sounds  nro  generally  hoard  with  distinctness  over  any  part  of  the  prcocordia. 
The  first  sound  is  heard  with  its  maximum  of  intensity  over  the  hody  of  the  heart,  a  little 
below  and  within  the  nipple,  between  the  fourth  and  fifth  ribs,  and  is  propagated  with 
greatest  facihty  downward,  toward  the  apex.  The  second  sound  is  heard  witfi  its  maxi- 
mum of  intensity  at  the  base  of  the  heart,  between  the  nipple  and  the  sternum,  at  about  the 
locality  of  the  third  rib,  and  is  propagated  upward,  along  the  course  of  the  great  vessels. 

The  rhythm  of  the  sounds  bears  a  certain  relation  to  the  rhythm  of  the  heart's  action, 
which  we  have  already  discussed  ;  the  difference  being,  that  we  here  regard  the  heart's 
action  as  commencing  with  the  systole  of  the  ventricles,  while,  in  following  the  action  of 
different  parts  of  the  organ,  we  followed  the  course  of  the  blood  and  commenced  with 
the  systole  of  the  auricles.  Laennec  was  the  first  to  direct  special  attention  to  the  rhythrn 
of  these  sounds,  although  they  had  been  recognized  by  Harvey,  who  compared  them  to  the 
sounds  made  by  the  passage  of  fluids  along  the  oesophagus  of  a  horse  when  drinking.  He 
divided  a  single  revolution  of  the  heart  into  four  parts:  the  first  two  parts  are  occupied 
by  the  first  sound  ;  the  third  part,  by  the  second  sound  ;  and  in  the  fourth  part  there  is 
no  sound.  He  regarded  the  second  sound  as  following  immediately  after  the  first.  Some 
authors  have  described  a  "  short  silence  "  as  occurring  after  the  first  sound,  and  a  "  long 
silence,"  after  the  second  sound.  The  short  silence,  if  appreciable  at  all,  is  so  indistinct 
that  it  may  practically  be  disregarded. 

Most  physiologists  regard  the  duration  of  the  first  sound  as  a  little  less  than  two-fourths 
of  the  heart's  action,  and  the  second  sound  as  a  little  more  than  one-fourth.  "When  we 
come  to  consider  the  mechanism  of  the  production  of  the  two  sounds,  we  shall  see  tbat, 
if  our  views  on  that  point  be  correct,  the  first  sound  should  occupy  the  period  of  the  ven- 
tricular systole,  or  four-tenths  of  the  heart's  action,  the  second  sound  about  three-tenths, 
and  the  repose  three-tenths. 

The  first  sound  is  relatively  dull,  low  in  pitch,  and  is  made  np  of  two  elements ;  one, 
a  valvular  element,  in  which  it  resembles  in  character  the  second  sound,  and  the  other,  an 
element  which  is  due  to  the  action  of  the  heart  as  a  muscle.  It  has  been  ascertained  that 
all  muscular  contraction  is  attended  with  a  certain  sound.  To  this  is  added  an  impulsion 
element,  wliich  is  produced  by  the  striking  of  the  heart  against  the  walls  of  the  thorax. 

The  second  sound  is  relatively  sharp,  high  in  pitch,  and  has  but  one  clear  element, 
which  we  have  already  alluded  to  as  valvular. 

Causes  of  the  Sounds  of  the  Heart. — There  is  now  scarcely  any  difference  of  opinion 
with  regard  to  the  cause  of  the  second  sound  of  the  heart.  The  experiments  of  Rouanet, 
published  in  1832,  settled  beyond  a  doubt  that  it  is  due  to  a  closure  of  the  aortic  and 
pulmonary  semilunar  valves.  In  his  essay  upon  this  subject,  Rouanet  acknowledges  his 
indebtedness  for  the  first  suggestion  of  this  explanation  to  Mr.  Carswell,  who  was  at 
that  time  prosecuting  his  studies  in  Paris.  The  experiments  by  which  this  is  demon- 
strated are  as  simple  as  they  are  conclusive.  First  we  have  the  experiments  of  Rouanet, 
who  imitated  the  second  sound  by  producing  sudden  closure  of  the  aortic  valves  by  a 
column  of  water.  We  then  have  the  experiments,  even  more  conclusive,  of  the  British 
Commission,  in  which  the  semilunar  valves  were  caught  up  by  curved  hooks  introduced 
through  the  vessels  of  a  living  animal,  the  ass,  with  the  result  of  abolishing  the  second 
sound  and  substituting  for  it  a  hissing  murmur.  When  the  instruments  were  with- 
drawn and  the  valves  permitted  to  resume  their  action,  the  normal  sound  returned. 

It  is  unnecessary  to  discuss  the  various  theories  which  have  been  advanced  to  explain 
the  second  sound,  as  it  is  now  generally  acknowledged  to  be  due  to  the  sudden  closure 
of  the  semilunar  valves  at  the  orifices  of  the  aorta  and  pulmonary  artery.  We  remark, 
however,  that  the  sound  is  heard  with  its  maximum  of  intensity  over  the  site  of  these 
valves,  and  is  propagated  along  the  great  vessels,  to  which  tliey  are  attached.  It  also 
occurs  precisely  at  tlie  time  of  tlioir  closure ;  viz^  immediately  following  the  ventricular 
systole. 
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The  cause  of  the  first  sound  of  tho  heart  Jjas  not,  until  within  a  few  years,  been  so 
well  understood.  It  wi^s  maintained  by  Rouanet  that  this  sound  was  produced  by  the 
sudden  closure  of  the  auriculo-ventricular  valves ;  but  tlie  situation  of  these  valves  ren- 
dered it  difficult  to  demonstrate  this  by  actual  experiment.  We  Imve  already  seen,  that, 
while  the  second  sound  is  purely  valvular  in  its  character,  the  first  sound  is  composed  of 
a  certain  number  of  difi:ercnt  elements ;  but  auscultatory  experiments  have  been  made  by 
which  all  but  the  valvular  element  are  eliminated  and  the  character  of  the  first  sound 
made  to  resemble  that  of  the  second.  Conclusive  observations  on  this  point  were  made 
a  few  years  ago  by  Dr.  Austin  Flint,  constituting  part  of  an  essay  which  received  the 
prize  of  the  American  Medical  Association  in  1858.  In  this  essay,  the  foUowing  points 
were  established : 

1.  If  a  folded  handkerchief  be  placed  between  the  stethoscope  and  integument,  the 
first  sound  is  divested  of  some  of  its  most  distinctive  features.  It  loses  the  quality  of  im- 
pulsion and  presents  a  well-marked  valvular  quality. 

2.  In  many  instances,  when  the  stethoscope  is  applied  to  the  prsecordia  while  the 
subject  is  in  a  recumbent  posture  and  the  heart  is  removed  by  force  of  gravity  from  tho 
anterior  wall  of  theihorax,  the  first  sound  becomes  purely  valvular  in  character  and  as 
short  as  the  second. 

3  When  the  stethoscope  is  applied  to  the  chest  a  little  distance  from  the  pomt  where 
the  first  sound  is  heard  with  its  maximum  of  intensity,  it  presents  only  its  valvular  ele- 
ment. „  1  1 

These  observations,  taken  in  connection  with  the  fact  that  the  first  sound  occurs  when 
the  ventricles  contract  and  necessarily  accompanies  the  closure  of  the  auriculo-ventncular 
valves,  show  pretty  conclusively  that  these  valves  produce  at  least  one  element  of  the 
sound.  In  farther  support  of  this  opinion,  we  have  the  fact  that  the  first  sound  is  heard 
with  its  maximum  of  intensity  over  the  site  of  the  valves  and  is  propagated  downward 
along  the  ventricles,  to  which  the  valves  are  attached.  Actual  experiments  are  no  want- 
in-  to  confirm  this  view.  Ohauveau  and  Faivre  have  succeeded  m  abolishing  the  first 
sound  by  the  introduction  of  a  wire  ring  into  the  auriculo-ventricular  orifice  through  a 
little  opening  in  the  auricle,  so  as  to  prevent  the  closure  of  the  valves.  When  this  is 
done,  the  fiist  sound  is  lost;  but  on  taking  it  out  of  the  openmg  the  sound  re  urns. 
These  observers  also  abolished  the  first  sound  by  introducing  a  small  curved  tenotomy- 
knife  through  the  auriculo-ventricular  orifice  and  dividing  the  chord^  tendmece.  In 
this  experiment  a  loud  rushing  murmur  took  the  place  of  the  sound.  These  observations 
and  experiments  settle  beyond  question  the  fact  that  the  closure  of  the  auriculo-ven- 
tricular valves  produces  one  element  of  the  first  sound.        ^  .  ^,       ^  . 

The  other  elements  which  enter  into  the  composition  of  the  first  sound,  so 
prominent  as  the  one  we  have  just  considered,  although  ^^^^^^  f  *°  f^^^f.^'/J^t 
lontred  and  "booming"  character.  These  elements  are,  a  sound  like  that  Produced  by 
any  arge  muscle  durfng  its  contraction,  called  by  some  the  musculo.-,  murmur,  and  the 
sound  produced  by  the  impulse  of  the  heart  against  the  walls  of  the  chest. 

the  first Tnd.    This  is  demonstrated  by  noting  the  diiierence  m  the  sound  when  he 
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sternum  has  been  removed.  Under  these  conditions,  the  first  sound  loses  its  booming 
character,  retaining,  however,  the  muscular  element,  when  the  instrument  is  applied  to 
the  exposed  organ. 

The  first  sound  of  the  heart  is  complex.  It  is  produced  by  the  sudden  closure  of  the 
auriculo-ventricular  valves  at  the  beginning  of  the  ventricular  systole,  to  which  are  super- 
added, the  muscular  sound,  due  to  the  contraction  of  the  muscular  fibres  of  the  heart,  and 
the  impulsion-sound,  due  to  the  shock  of  the  organ  against  the  walls  of  the  thorax. 

The  second  sound  is  simple.  It  is  produced  by  the  sudden  closure  of  the  aortic  and 
pulmonic  semilunar  valves,  immediately  following  the  ventricular  systole. 

It  is  of  tlie  greatest  importance,  with  reference  to  pathology,  to  have  a  clear  idea  of 
the  currents  of  blood  through  the  heart,  with  their  exact  relation  to  the  sounds  and 
intervals.  At  the  commencement  of  the  first  sound,  the  blood  is  forcibly  thrown  from 
the  ventricles  into  the  pulmonary  artery  on  the  right  side  and  the  aorta  on  the  left, 
and  the  auriculo-ventricular  valves  are  suddenly  closed.  During  the  entire  period  oc- 
cupied by  this  sound,  the  blood  is  flowing  rapidly  through  the  arterial  orifices,  and  the 
auricles  are  receiving  blood  slowly  from  the  venae  cavas  and  the  pulmonary  veins.  When 
the  second  sound  occurs,  the  ventricles  having  become  suddenly  relaxed,  the  recoil  of 
the  arterial  walls,  acting  upon  the  column  of  blood,  immediately  closes  the  semilunar 
valves  upon  the  two  sides.  The  auricles  continue  to  dilate,  and  the  ventricles  are  slowly 
receiving  blood.  Immediately  following  the  second  sound,  during  the  first  part  of  the 
interval,  the  auricles  become  fully  dilated ;  and,  in  the  last  part  of  the  interval,  imme- 
diately preceding  the  first  sound,  the  auricles  contract  and  the  ventricles  are  fully 
dilated.    This  completes  a  single  revolution  of  the  heart. 

Frequency  of  the  Hcarfs  Action. — ^Physicians  have  always  attached  the  greatest  im- 
portance to  the  frequency  of  the  action  of  the  heart,  as  one  of  the  important  indications 
of  the  general  condition  of  the  system.  The  variations  which  are  met  with  in  health,  de- 
pending upon  age,  sex,  muscular  activity,  the  condition  of  the  digestive  system,  etc.,  point 
to  the  fact  that  the  action  of  the  heart  is  closely  allied  to  the  various  functions  of  the 
economy  and  readUy  sympathizes  with  their  derangements.  As  each  ventricular  systole 
is  followed  by  an  expansion  of  the  arteries,  which  is  readily  appreciated  by  the  touch,  it 
is  more  convenient  to  study  the  succession  of  these  movements  by  exploring  the  vessels 
than  by  examination  of  the  heart  itself.  Leaving  out  certain  of  the  quahties  of  the  pulse, 
this  becomes  an  exact  criterion  of  the  acts  of  the  heart. 

The  number  of  pulsations  of  the  heart  is  not  far  from  seventy  per  minute  in  an  adult 
male  and  is  from  six  to  ten  more  in  a  female.  There  are  individual  cases,  however,  in 
which  the  pulse  is  normally  much  slower  or  more  frequent  than  this,  a  fact  which  must  bo 
remembered  when  examining  the  pulse  in  disease.  It  is  said  that  the  pulse  of  Kapoleon  I. 
was  only  forty  per  minute.  Dr.  DungHson  mentions  a  case  which  came  under  his  own 
observation,  in  which  the  pulse  presented  an  average  of  thirty-six  per  minute.  The  same 
author  states  that  the  pulse  of  Sir  "William  Congreve  was  never  below  one  hundred  and 
twenty-eight  per  minute,  in  health.  It  is  by  no  means  unfrequent  to  find  a  healthy  pulse 
of  a  hundred  or  more  a  minute;  but,  in  the  cases  reporied  in  which  the  pulse  has  been 
found  to  be  forty  or  less,  it  is  possible  that  every  alternate  beat  of  the  heart  was  so  feeble 
as  to  produce  no  perceptible  arterial  pulsation.  In  this  case,  the  fact  may  be  ascertained 
by  listening  to  the  heart  while  the  finger  is  placed  upon  the  artery.  Such  an  instance  has 
lately  come  under  our  observation,  in  which  the  pulse  was  apparently  but  thii-ty-five  per 
minute. 

Influence  of  Age  and  Sex. — In  both  the  male  and  female,  observers  have  constantly 
found  a  great  diiference  in  the  rapidity  of  the  heart's  action  at  different  periods  of  life. 
The  observations  of  Dr.  Guy  on  this  point  are  very  numerous  and  were  made  witli  the 
utmost  care  witli  regard  to  the  conditions  of  the  system  at  the  time  the  pulse  was  taUcn 
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in  each  case.  All  were  taken  at  the  same  hour  and  with  the  subject  in  a  sitting  posture. 
Dr  Guy  found  the  pulsations  of  the  heart  in  the  foetus  to  be  pretty  uniformly  140  per 
ramute.  At  birth,  the  pulse  is  13G.  It  gradually  diminishes  during  the  first  year  to 
about  128.  The  second  year,  the  diminution  is  quite  rapid,  the  tables  of  Dr.  Guy  givmg 
107  as  the  mean  frequency  at  two  years  of  age.  After  the  second  year,  the  frequency 
progressively  diminishes  until  adult  life,  when  it  is  at  its  minimum,  which  is  about  70  per 
minute.  It  is  a  common  but  erroneous  impression  that  the  pulse  diminishes  m  frequency 
iu  old  age  On  the  contrary,  numerous  observations  show  that  at  the  later  periods  of 
life  the  movements  of  the  heart  become  slightly  accelerated,  ranging  from  75  to  80. 

During  early  life  there  is  no  marked  and  constant  difference  in  the  rapidity  of  the 
pulse  in  the  sexes;  but,  toward  the  age  of  puberty,  the  development  of  the  sexual  pecu- 
liarities is  accompanied  with  an  acceleration  of  the  heart's  action  in  the  female  which 
continues  even  into  old  age.  The  differences  at  different  ages  are  shown  m  the  following 
table,  compiled  from  the  observations  of  Dr.  Guy : 


AOES. 

From  2  to  7  years 

"    8  "  14  " 

"  14  "  21  " 

"  21  "  28  " 

"  28  "  S5  " 

"  35  "  42  " 

"  42  "  49  " 

"  49  "  56  " 

"  56  "  63  " 

"  63  "  70  " 

"  70  "  77  " 

"  77  "  84  " 


Males. 
Average  pulsations. 
97 


84 
76 
73 


70 
68 


70 
67 
68 
70 
67 
71 


FZMALEB. 

Average  pulsations. 
98 


94 
82 
80 
78 
78 
77 
76 
77 
78 
81 
82 


Muence  of  mgestion.-1\^  condition  of  the  digestive  system  has  a  marked  influence 
on  thf  rSty  of  the  pulse,  and  there  is  generally  an  increase  in  the  pu  se  of  from  five 
to  en  Ss  per  minute  after  each  meal.  Prolonged  fasting  diminishes  its  ti-equency  by 
from  twelv  to  fourteen  beats.  Alcohol  first  diminishes  and  afterward  accelerates  the 
pTe  0  ffte  is  said  to  accelerate  the  pulse  in  a  marked  degree  It  has  ^-n  -certa^^^^^^^^ 
flS  ihe  pulse  is  accelerated  to  a  greater  degree  by  animal  than  by  vegetable  food.  These 
variations  have  long  been  recognized  by  physiologists. 

Influence  of  Posture  an^  Muscular  E.ertion.-li  ^^.^^^^  °^-;tlsr'E^ Sents 
of  the'^body  has  a  very  marked  influence  ^^P- f  .^^^ ^uV L^otC to 
f^f  a  vprv  interestins  character  have  been  made  by  Ui.  ^^uy  anu  omeis, 

and  the  recumbent  posture.  In  the  female,  the  vanations  wi  h  posi  .n  a  e  no  so  gi^_t. 
The  average  given  by  Dr.  Guy  is,  for  the  male  standing  1  s.ttmg  1  Ipng,  66,^^ 
for  the  female :  standi^^^^^^^^^  si  .^^^^^^^^^^^^  y  g,  ^^^^     ^^^^^  ^.,3 

large  number  ^^^^.^^^^^  j^^^^^^^  some  in  which  the  variation  was  much  greater 
TnteTvyagr  in  ^  1^:^  Tosture,  the  pulse  was  found  to  be  reduced  about 

'"Thetuostion  at  once  suggests  itself  whether  the  acceleration^  th^^^^^^ 
and  standing  may  not  be  due,  in  some  measure,  to  the  muscular  effoit  requi.ed  in  maK 
ing  thTchan'ge  of  posture,    ihis  is  answered  by  ^^^^^^^^^  Siout 
which  the  subjects  were  placed  on  a  revolvmg  board,  and  the  postuie  cnangc 
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any  muscular  eflfort.  The  same  results  as  those  cited  above  were  obtained  in  these  ex- 
periments showing  that  tlie  difference  is  duo  to  the  position  of  the  body  alone.  In  a 
sin-le  observation,  Dr.  Guy  found  the  pulse,  standing,  to  be  89 ;  lying,  YT ;  difference, 
12"  With  the  posture  changed  without  any  muscular  effort,  the  results  were  as  follows: 
standing  87-  lying,  74;  difference,  13.  Various  theoretical  explanations  of  these  vari- 
ations have  been  offered  by  pliysiologists ;  but  Dr.  Guy  seems  to  have  settled  experi- 
mentaUy  the  fact  that  the  acceleration  is  due  in  part  to  the  muscular  effort  required  to 
maintain  the  body  in  the  sitting  and  standing  positions.  The  following  are  the  results 
of  experiments  which  bear  conclusively  on  this  point,  in  which  it  is  shown  that  when 
the  body  is  carefully  supported  in  the  erect  or  sitting  posture,  so  as  to  be  mamtamed 
without  muscular  effort,  the  pulse  is  less  frequent  than  when  the  subject  is  standmg; 
and,  farthermore,  that  the  pulse  is  accelerated,  in  the  recumbent  posture,  when  the  body 
is  only  partially  supported : 

"1.  Difference  between  the  pulse  in  the  erect  posture,  without  support,  and  leaning 
in  the  same  posture,  in  an  average  of  twelve  experiments  on  the  writer,  12  beats ;  and 
on  an  average  of  eight  experiments  on  other  healthy  males,  8  beats. 

"  2.  Difference  in  the  frequency  of  the  pulse  in  the  recumbent  posture,  the  body  fully 
supported,  and  partially  supported,  14  beats,  on  an  average  of  five  experiments. 

"  3.  Sitting  posture  (mean  of  ten  experiments  on  the  writer),  back  supported,  80 ; 
unsupported,  87  ;  difference,  7  beats. 

"4.  Sitting  posture  with  the  legs  raised  at  right  angles  with  the  body  (average  of 
twenty  experiments  on  the  writer),  back  unsupported,  86  ;  supported,  68  ;  difference,  18 
beats.  An  average  of  fifteen  experiments  of  the  same  kind  on  other  healthy  males  gave 
the  foUowing  numbers:  back  unsupported,  80;  supported,  68;  a  difference  of  12  beats." 

Influence  of  Exercise,  etc.— It  is  a  fact  generally  admitted  that  muscular  exertion  in- 
creases the  frequency  of  the  pulsations  of  the  heart ;  and  the  experiments  just  cited  show 
that  the  difference  in  rapidity,  which  is  by  some  attributed  to  change  in  posture  (some 
positions,  it  is  fancied,  offering  fewer  obstacles  to  the  current  of  blood  than  others),  is 
mainly  due  to  muscular  exertion.  Every  one  knows,  indeed,  that  the  action  of  the  heart 
is  much  more  rapid  after  violent  exertion,  such  as  running,  lifting,  etc.  Experiments  on 
this  point  date  from  quite  a  remote  period.  Bryan  Robinson,  who  published  a  treatise 
on  the  "Animal  Economy"  in  1734,  states,  as  the  result  of  observation,  that  a  man  in 
the  recumbent  position  has  64  pulsations  per  minute;  sitting,  68;  after  a  slow  walk,  78; 
after  walking;  four  miles  in  an  hour,  100 ;  and  140  to  150  after  running  as  fast  as  he 
could.  This  general  statement,  which  has  been  repeatedly  verified,  shows  the  powerful 
influence  of  the  muscular  system  on  the  heart.  The  fact  is  so  familiar  that  it  need  not 
be  farther  dwelt  upon. 

The  influence  of  sleep  upon  the  action  of  the  heart  reduces  itself  almost  entirely  to 
the  proposition  that,  during  this  condition,  we  have  an  entire  absence  of  muscular  effort, 
and  consequently  the  number  of  beats  is  less  than  when  the  individual  is  aroused.  It 
has  been  found  that  there  is  no  difference  in  the  pulse  between  sleep  and  perfect  quiet  in 
the  recumbent  posture.  This  fact  obtains  in  the  adult  male;  but  it  is  said  by  Quetelet 
that  there  is  a  marked  difference  in  females  and  young'children,  the  pulse  being  always 
slower  during  sleep. 

Influence  of  Temperature.— The  influence  of  extremes  of  temperature  upon  the  lieart 
is  very  decided.  The  pulse  may  be  doubled  by  remaining  a  very  few  minutes  exposed 
to  extreme  heat.  Bence  Jones  and  Dickinson  have  ascertained  that  the  pulse  may  bo 
very  much  reduced  in  frequency,  for  a  short  time,  by  the  cold  douche.  It  has  also  been 
remarked  that  the  pulse  is  habitually  more  rapid  in  warm  than  in  cold  climates. 

Although  many  circumstances  materially  affect  the  rapidity  of  the  heart's  action,  they 
do  nut  complicate,  to  any  great  extent,  our  examinations  of  the  pulse  in  disease.  In 
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cases  which  present  considerable  febrile  movement,  the  patient  is  generally  in  the  recum- 
bent postm-o.  The  variations  induced  by  violent  exercise  are  easily  recognized,  while 
those  dependent  upon  temperature,  the  condition,  of  the  digestive  system,  etc.,  are  so 
slight  that  they  may  practically  be  disregarded.  It  is  necessary  to  bear  in  mind,  how- 
ever, the  variations  which  exist  in  the  sexes  and  at  different  periods  of  life,  as  well  as 
the  possibility  of  individual  peculiarities,  when  the  action  of  the  heart  may  be  extraor- 
dinarily rapid  or  slow. 

Influence  of  Eespiration  upon  the  Action  of  the  Heart.— relations  between  the 
functions  of  circulation  and  respiration  are  very  intimate,  and  one  function  cannot  go  on 
without  the  other.  If  circulation  be  arrested,  the  muscles,  being  no  longer  supplied  with 
fresh  blood,  soon  lose  their  contractile  power,  and  respiration  ceases.  We  shall  also  find 
that  circulation  is  impossible  if  respiration  be  permanently  arrested.  When  respiration 
is  imperfectly  performed,  the  action  of  the  heart  is  slow  and  labored.  All  physicians 
are  familiar  with  the  slow,  full  pulse,  indicating  labored  action  of  tlie  heart,  which 
occurs  in  profound  coma.  The  effects  of  arrest  of  respiration  are  marked  in  all  parts 
of  the  circulatory  system,  arteries,  capillaries,  and  veins ;  but  the  disturbances  thus  pro- 
duced all  react  upon  the  heart,  and  the  modifications  which  take  place  in  the  action  of 
this  organ  are  of  the  greatest  interest  and  huportance. 

If  the  heart  be  exposed  in  a  living  animal  and  artificial  respiration  be  kept  up, 
although  the  pulsations  are  increased  in  frequency  and  diminished  in  force,  after  a  time 
they  become  perfectly  regular  and  continue  thus  so  long  as  air  is  adequately  supphed  to 
the  lungs.  Under  these  circumstances,  we  have  the  respiration  entirely  at  our  com- 
mand and  can  study  the  effects  of  its  arrest  upon  the  heart  with  the  greatest  facility. 
If  we  arrest  respiration,  we  observe  the  following  changes  in  the  action  of  the  heart: 
For  a  few  seconds  pulsations  go  on  as  usual,  but  in  about  a  minute  they  be^n  to 
diminish  in  frequency.  At  the  same  time,  the  heart  becomes  engorged  with  blood,  and 
the  distention  of  its  cavities  rapidly  increases.  For  a  time  its  contractions  are  com- 
petent to  discharge  the  entire  contents  of  the  left  ventricle  into  the  arterial  system,  and 
a  cardiometer  applied  to  an  artery  will  indicate  a  great  increase  in  the  pressure  of  blood. 
A  corresponding  increase  in  the  movements  of  the  mercury  will  be  noted  at  each 
action  of  the  heart,  indicating  that  the  organ  is  acting  with  abnormal  vigor.  If  respira- 
tion be  still  discontinued,  the  engorgement  becomes  intense,  the  heart  at  each  diastole 
being  distended  to  its  utmost  capacity.  It  now  becomes  incapable  of  emptymg  itself, 
the  contractions  become  very  unfrequent,  perhaps  three  or  four  in  a  minute  and  are 
progressively  enfeebled.  The  organ  is  dark,  almost  black,  owing  to  the  circulation  of 
venous  blood  in  its  substance.  If  respiration  be  not  resumed,  this  distention  continues, 
the  contractions  become  less  frequent  and  more  feeble,  and  in  a  few  minutes  they  en- 

The  arrest  of  the  action  of  the  heart,  under  these  circumstances,  is  chiefly  mechani- 
cal. The  unaerated  blood  passes  with  difficulty  through  the  capillaries  of  the  system, 
and,  as  the  heart  is  constantly  at  work,  the  arteries  become  immensely  distended.  This 
is  proven  by  the  great  increase  in  the  arterial  pressure  while  these  vessels  are  full  of 
black  blood.  If  we  now  closely  examine  the  heart  and  great  vessels,  we  are  able  to 
note  distinctly  the  order  in  which  they  become  distended.  These  phenomena  were  par- 
ticularly noticed  and  described  by  Prof.  Dalton,  and  they  demonstrate  conclusively  that, 
in  asphyxia,  the  obstruction  to  the  circulation  commences,  not  m  the  lungs,  as  is  com- 
monly supposed,  but  in  the  capillaries  of  the  system  and  is  propagated  ^^ckward  o 
the  heart  through  the  arteries.  The  distention  of  the  heart  m  asphyxia  is  therefore  due 
to  the  fact  that  unaerated  blood  cannot  circulate  in  the  systemic  capillaries.  When  thus 
distended,  the  muscular  fibres  of  the  heart  become  paralyzed,  like  any  muscle  after  a 

''""k  respiration  be  resumed  at  any  time  before  the  heart's  action  has  entirely  ceased,  the 
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organ  in  a  few  moments  resumes  its  normal  function.  Wo  first  notice  a  change  from  the 
dusky  hue  it  has  assumed  to  a  vivid  red,  which  is  owing  to  the  circulation  of  arterial 
blood  in  its  capillaries.  The  distention  then  becomes  gradually  relieved,  and,  for  a  few 
moments  the  pulsations  are  abnormally  frequent.  K  we  now  open  an  artery,  it  will  be 
found  to  contain  red  blood.  An  instrument  applied  to  an  artery  will  show  a  diminution 
in  arterial  pressure  and  in  the  force  of  the  heart's  action,  if  the  arrest  of  respiration  have 
been  carried  only  far  enough  to  moderately  distend  tho  heart;  or  there  is  an  mcrease 
in  the  pressure  and  force  of  the  heart,  if  its  action  have  been  nearly  arrested.  A  few 
moments  of  regular  insufflation  will  cause  the  pulsations  to  resume  their  normal  char- 
acter and  frequency. 

In  the  human  subject,  the  effects  of  temporary  or  permanent  arrest  of  respiration  on 
the  heart  are  undoubtedly  the  same  as  those  observed  in  experiments  npon  the  warm- 
blooded animals.  In  tho  same  way,  also,  it  is  possible  to  restore  the  normal  action  of  the 
organ  if  respiration  be  not  too  long  suspended,  by  the  regular  introduction  of  fresh  air 
into  the  lun-s  The  numerous  examples  of  animation  restored  by  artificial  respiration,  m 
d-ownin-  etc.,  are  evidence  of  this  fact.  In  cases  of  asphyxia,  those  measures  by  which 
artificial'espiration  is  most  effectually  maintained  have  been  found  most  efficient.^ 

Certain  individuals  have  been  said  to  have  the  power  of  temporarily  arresting  the 
action  of  the  heart  by  a  voluntary  suspension  of  respiration.  The  most  remarkable  case 
of  this  kind  on  record  is  that  of  Colonel  Townshend,  which  is  quoted  m  many  works  on 
physiology  Colonel  Townshend  was  said  to  be  able  to  arrest  respiration  and  the  action 
of  the  heart  so  completely  as  to  simulate  death.  When  in  this  condition,  the  pulse  was 
not  perceptible  at  the  wrist  or  over  the  prfecordia,  a  mirror  held  before  the  mouth  was 
not  tarnished,  and  he  was  to  all  appearances  dead.  On  one  occasion,  m  the  presence  of 
several  medical  gentlemen,  he  remained  in  this  condition  for  half  an  hour ;  afterward 
the  functions  of  respiration  and  circulation  becoming  gradually  reestablished.  This,  to 
say  the  least,  is  a  very  remarkable  case,  but  it  is  credited  by  many  physiologists. 

Cause  of  the  Ehythmical  Contractiom  of  the  Heart. 
The  phenomena  attending  the  action  of  the  heart  present  few  difficulties  in  their 
investigation,  compared  with  the  study  of  the  cause  of  the  regular  contractions  and 
relaxations,  which  commence  early  in  foetal  development  to  terminate  only  with  life. 
This  interesting  question  has  long  engaged  the  attention  of  physiologists  and  has  been 
the  subject  of  numerous  experiments  and  speculations.    It  would  be  idle  to  follow  the 
various  theories  which  have  been  proposed  to  account  for  this  constant  action,  except  as 
a  subject  of  purely  historical  interest ;  for  many  of  them  are  based  upon  a  very  imperfect 
knowledge  of  the  phenomena  of  the  circulation.    At  the  present  day,  although  we  are 
perhaps  as  far  as  ever  from  a  knowledge  of  the  actual  cause  of  the  regular  movements, 
we  are  pretty  well  acquainted  with  the  various  conditions  by  which  they  are  regulated 
and  modified.    We  know,  for  example,  how  to  induce  contraction  in  a  living  muscle  or 
one  which  is  just  separated  from  the  organism  and  has  not  yet  lost  what  we  call  its  vital 
properties,  but  we  must  confess  our  utter  ignorance  when  we  ask  ourselves  why  it  acts 
in  response  to  a  stimulus.    The  advances  that  have  been  made  in  chemistry  and  micro- 
scopical anatomy  do  not  disclose  the  so-called  vital  principle ;  and  when  wo  come  to 
examine  the  various  conditions  under  which  the  heart  will  continue  its  contractions,  we 
are  arrested  by  the  impossibility  of  fathoming  the  mystery  of  the  cause  of  contraction. 
The  heart  is,  anatomically,  very  much  like  the  voluntary  muscles;  but  it  has  a  constant 
function  to  perform  and  seems  to  act  without  any  palpable  excitation,  while  the  latter, 
which  have  an  occasional  function,  act  only  under  the  influence  of  a  natural  stimulus,  like 
the  nervous  force,  or  under  artificial  irritation.    The  movements  of  the  heart  are  not  tho 
only  examples  of  what  seems  to  bo  spontaneous  action.  Tho  ciliated  epithelium  is  in  mo- 
tion from  the  beginning  to  the  end  of  Ufo,  and  will  continue  for  a  certain  time,  even  after 
tho  cells  are  detached  from  tho  organism.    This  motion  cannot  bo  explained,  unless  wo 
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call  it  an  explanation  to  say  that  it  is  dependent  on  vital  properties.  But  if  we  are  yet 
ignorant  of  the  actual  cause  of  the  rhythmical  contraction  of  the  heart,  we  are  pretty 
well  acquainted  with  the  influences  which  render  its  action  regular,  powerful,  and 
sufficient  for  the  purposes  of  the  economy.  It  will  facilitate  our  comprehension  of  this, 
to  compare  the  action  of  the  heart  with  that  of  the  ordinary  voluntary  muscles. 

In  the  first  place,  every  one  knows  that  the  action  of  the  heart  is  involuntary.  "We 
can  neither  arrest,  retard,  nor  accelerate  its  pulsations  hy  a  direct  effort  of  the  will.  In 
this  statement,  we  of  course  except  those  examples  of  arrest  hy  the  stoppage  of  respira- 
tion or  acceleration  by  violent  exercise,  etc.  In  this  respect  the  heart  diflfers  from  cer- 
tain muscles,  Uke  the  muscles  of  respiration,  which  act  involuntarily,  it  is  true,  but  the 
action  of  which  may  be  temporarily  arrested  or  accelerated  by  a  direct  voluntary  effort. 
The  last-mentioned  fact  gives  us  the  diSerence  between  the  heart  and  all  other  striated 
muscles.  All  of  them,  in  order  to  contract,  must  receive  a  stimulus,  either  natural  or 
artificial.  The  natural  stimulus  comes  from  the  nervous  centres  and  is  conducted  by  the 
nerves.  If  the  nerves  going  to  any  of  the  respiratory  muscles,  for  example,  be  divided, 
the  muscle  is  paralyzed  and  will  not  contract  without  some  kind  of  irritation.  Connec- 
tion with  the  nervous  system  does  not  seem  necessary  to  the  action  of  the  heart,  for 
it  will  contract,  especially  in  the  cold-blooded  animals,  some  time  'after  its  removal  from 
the  body. 

"When  a  muscle  has  been  removed  from  the  body  and  is  subjected  to  a  stimulus,  such 
as  galvanism  or  mechanical  or  chemical  irritation,  it  is  thrown  into  contraction ;  but,  if 
carefully  protected  from  irritation,  it  will  remain  quiescent.  Contraction  in  this  instance 
is  evidently  produced  by  the  application  of  the  stimulus ;  but  the  question  arises,  "Why 
does  the  muscle  thus  respond  to  stimulation  ?  This  is  a  question  which  it  is  impossible  to 
answer  satisfactorily,  but  one  concerning  which  our  ideas,  since  the  time  of  Haller,  have 
assumed  a  definite  form.  This  great  physiologist  called  the  property  which  causes^  the 
muscle  thus  to  contract,  irritability;  which  is  nothing  more  nor  less  than  an  unexplained 
property  inherent  in  the  muscle  and  continuing  so  long  as  it  retains  its  absolute  physical 
and  chemical  integrity.  More  than  a  hundred  years  ago,  Haller  described  certain  tissues 
of  the  body  as  possessing  this  "  irritabihty,"  such  as  the  muscles,  stomach,  bladder,  etc., 
and  the  different  degrees  of  irritability  with  which  each  one  was  endowed.  He  ap- 
plied this  theory  to  the  action  of  the  hearl,  which  he  considered  as  the  part  endowed 
with  u-ritahUity  to  the  highest  degree.  His  theory  of  the  action  of  the  heart  was  that  its 
rhythmical" contraction  depended  upon  the  irritability  inherent  in  its  muscular  fibres.  He 
was  far  from  denying  the  various  influences  which  modified  this  action,  but  regarded  its 
actual  power  of  contraction  as  mdependent. 

Experiments  have  shown  that  the  heart  will  pulsate  for  a  time  when  removed  from 
all  connection  with  other  parts  of  the  organism.'  In  the  cold-blooded  animals,  in  which 
the  irritability  of  the  tissues  remains  for  some  time  after  death,  this  is  particularly  marked. 
It  is  not  the  blood  in  the  cavities  of  the  heart  which  causes  it  to  contract,  for  it  will 
pulsate  when  its  cavities  have  been  emptied.  It  is  not  the  contact  of  the  air,  for  the 
heart  will  pulsate  in  a  vacuum.  The  heart  does  not  receive  its  irritabUity  Irom  the 
nervous  system,  for,  when  removed  from  the  body,  it  has  no  connection  with  the  nervous 
system ;  and  it  is  not  probable  that  it  receives  any  influence  from  sjonpathctic  ganglia 
which  have  lately  been  discovered  in  its  substance,  for  detached  portions  of  the  heart 
will  pulsate,  and  the  contractions  of  the  organ  will  continue  in  animals  poisoned  with 
woorara,  which  is  known  to  paralyze  the  motor  system  of  nerves.' 

>  Numerous  Instances  of  contractions  of  tlio  henrt  in  cold-blooded  animals  continuinp  for  a  very  long  time  after 
excision  are  on  record.  Dr.  Dunglison,  in  his  work  on  Pliysiology,  mentions  several  instances  in  wliicli  the  heart  pul- 
sated for  from  ten  to  twenty-four  hours  after  removal  from  the  body.  The  most  rcmarkiible  examples  tl^'^™- 
longed  action  were  in  the  heart  of  the  sturgeon.  In  one  instance,  in  an  experiment  on  a  large  aUigator,  we  found  the 
heart  pulsating,  in  situ,  twenty-eight  hoiirs  after  the  animal  had  been  killed  by  the  injection  of  a  solution  of  woorara. 
The  heart  was  then  excised  and  continued  to  beat  during  a  long  series  of  experiments,  until  it  was  arrested  by 
powerfal  compression  with  the  hand  after  it  had  been  filled  with  water  and  the  vessels  tied. 

a  It  Is  stated  by  Friodlfinder  that  no  portion  of  the  heart,  however  small,  will  contract  rhythmically  unless  it  cod- 
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It  is  unnecessary  to  refer  to  the  various  experiments  which  have  demonstrated  the 
iudependence  of  the  contractions  of  the  heart.  They  are  of  such  a  simple  nature  that 
they  may  be  verified  by  any  one  who  will  take  the  trouble  to  excise  the  heart  of  a  frog 
or  turtle,  place  it  under  a  small  bell-glass  so  that  it  will  not  be  subject  to  possible  irrita- 
tion from  currents  of  air,  and  watch  its  pulsations.  In  such  an  observation  as  this,  it  is 
evident  that,  for  a  certain  time,  contractions,  more  or  less  regular,  will  take  place ;  and 
the  experiments  referred  to  above  show  that  they  occur  without  any  external  influ- 
ence. In  short,  it  is  evident  that  the  muscular  fibres  of  the  heart  possess  an  irritability, 
by  virtue  of  which  they  will  contract  intermittently  for  a  time,  although  no  stimulus  be 
applied;  as  the  ordinary  striated  muscular  fibres  have  an  irritability,  by  virtue  of  which 
they  will  respond,  for  a  time,  to  the  application  of  a  stimulus. 

It  is  manifestly  necessary  that  the  action  of  the  heart  should  be  constant,  regular,  and 
powerful;  and  when  we  say  that  the  irritability  inherent  in  its  muscular  tissue  is  such 
that  it  will  contract  for  a  time  without  any  external  stimulus,  we  by  no  means  assume 
that  this  is  the  cause  of  its  physiological  action.  It  is  only  an  important  and  incontestable 
property  of  the  muscular  fibres  of  the  heart,  and  its  regular  action  is  dependent  upon 
other  conditions. 

In  the  first  place,  we  have  to  inquire  what  makes  the  action  of  the  heart  regular.' 
The  answer  to  this  is,  that  the  changes  of  nutrition,  by  which,  through  the  blood  circu- 
lating in  its  substance,  the  waste  of  its  tissue  is  constantly  supplied,  preserve  the  integrity 
of  the  fibres,  and  keep  them,  consequently,  in  a  condition  to  contract.  This  is  true, 
likewise,  of  the  ordinary  striated  muscular  fibres.  If  the  supplj^  of  blood  be  cut  off  from 
the  substance  of  the  heart,  especially  in  the  warm-blooded  animals,  the  organ  soon  loses 
its  irritability.  This  was  admirably  shown  by  the  experiments  of  Erichsen.  This 
observer,  after  exposing  the  heart  in  a  warm-blooded  animal  and  keeping  up  artificial 
respiration,  ligated  the  coronary  arteries,  thus  cutting  off  the  greatest  part  of  the  supply 
of  blood  to  the  muscular  fibres.  He  found,  as  the  mean  of  six  experiments,  that  the  heart 
ceased  pulsating,  although  artificial  respiration  was  continued,  in  23|-  minutes.  After  the 
pulsations  had  ceased,  they  could  be  restored  by  removing  the  ligatures  and  allowing  the 
blood  to  circulate  again  in  the  substance  of  the  heart. 

In  the  second  place,  the  regular  and  powerful  contractions  of  the  heart  are  provided 
for  by  the  circulation  of  the  blood  through  its  cavities.  Although  the  heart,  removed 
from  the  body,  will  contract  for  a  time  without  a  stimulus,  it  can  be  made  to  contract 
during  the  intervals  of  repose  by  an  irritant,  such  as  the  point  of  a  needle  or  a  feeble 
current  of  galvanism.  For  a  certain  time  after  the  heart  has  ceased  to  contract  sponta- 
neously, contractions  may  be  induced  in  this  way.  This  can  easily  be  demonstrated  iii' 
the  heart  of  any  animal,  warm-blooded  or  cold-blooded.  This  irritability,  which  is 
manifested,  under  these  circumstances,  in  precisely  the  same  way  as  in  ordinary  muscles, 
is  difl'erent  in  degree  in  different  parts  of  the  organ.  Haller  and  others  have  shown  that 
it  is  greater  in  the  cavities  than  on  the  surface ;  for,  long  after  irritation  applied  to  the 
exterior  fails  to  excite  contraction,  the  organ  will  respond  to  a  stimulus  applied  to  its 
interior.  The  experiments  of  Haller  also  show  that  fluids  in  the  cavities  of  the  heart 
have  a  remarkable  influence  in  exciting  and  keeping  up^its  contractions.  This  observa- 
tion is  of  much  interest,  as  showing  conclusively  that  the  presence  of  blood  is  necessary 
to  the  natural  and  regular  action  of  the  heart.  "We  quote  one  of  the  experiments  on  this 
point  performed  upon  a  cat : 

"  .  .  .  .  The  superior  vena  cava  having  been  divided,  and  the  inferior  ligated, 
and  the  pulmonary  artery  opened,  and  the  right  ventricle  emptied  by  a  suflicient  com- 
pression, and  the  aorta  ligated,  all  with  promptitude,  I  saw  the  right  auricle  repose 
first,  the  right  ventricle  continued  to  beat  for  some  time  in  unison  with  the  left  ventri- 

taln  ganglia ;  bat  this  point  cannot  bo  rogardetl  as  (lodnltively  settled  and  Is  exceedingly  difficult  to  determine.  The 
fact  that  nervons  and  muscular  Irritability  are  entirely  distinct  from  each  other  Is  a  strong  argument  in  favor  of  tho 
liideiieudcnt  irritability  of  tho  muscular  tissue  of  the  heart. 
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clo,  and  its  walls  descended  toward  the  middle  lino  of  the  heart :  but  this  ventricle  did 
not  delay  to  lose  its  movement  the  first.  As  for  the  other  ventricle,  which  could  no 
longer  emjjty  itself  into  the  aorta,  it  was  filled  with  Wood  and  its  movement  continued 
for  four  hours.  .  .  ." 

This  experiment  was  confirmed  by  numerous  others.  It  will  be  observed  that  one 
side  of  the  heart  was  made  to  cease  its  pulsations,  while  the  other  side  continued  to  con- 
tract, by  simply  removing  the  blood  from  its  interior ;  which  conclusively  proves  that, 
although  the  heart  may  act  for  a  time  independently,  the  presence  of  blood  in  its  cavities 
is  a  stimulus  capable  of  prolonging  its  regular  pulsations.  SchifF  has  gone  still  farther, 
and  has  succeeded  in  restoring  the  pulsations  in  the  heart  of  a  frog,  which  had  ceased 
after  it  bad  been  emptied,  by  introducing  a  few  drops  of  blood  into  the  auricle.  Our 
own  experiments  upon  the  hearts  of  alligators  and  turtles  show  that,  when  removed 
from  the  body  and  emptied  of  blood,  the  pulsations  are  feeble,  rapid,  and  irregular ;  but 
that  when  filled  with  blood,  the  valves  being  destroyed  so  as  to  allow  free  passage  in 
both  directions  between  the  auricles  and  ventricle,  the  contractions  become  powerful  and 
regular.  In  these  experiments,  when  water  was  introduced  instead  of  blood,  the  pulsa- 
tions became  more  regular,  but  were  more  frequent  and  not  so  powerful  as  when  blood 
was  used.  These  experiments  show  also  that  the  action  of  the  heart  may  be  afi'ected  by 
the  character,  particularly  the  density,  of  the  fluid  which  passes  through  it,  wliich  may 
explain  its  rapid  and  feeble  action  in  anaamia. 

It  seems  well  established  that  the  heart,  although  capable  of  independent  action,  is  ex- 
cited to  contraction  by  tlie  blood  as  it  passes  through  its  cavities.  A  glance  at  the  suc- 
cession of  its  movements,  particularly  in  cold-blooded  animals,  in  which  they  are  so  slow 
that  the  phenomena  can  be  easily  observed,  will  show  how  these  contractions  are  in- 
duced. If  we  look  at  the  organ  as  it  is  in  action,  we  see  first  a  distention  of  the  auri- 
cle, and  this  is  immediately  followed  by  a  contraction  filling  the  ventricle,  which  in  its 
turn  contracts.  Undoubtedly,  the  tension  of  the  fibres,  as  well  as  the  contact  of  blood 
in  its  interior,  acts  as  a  stimulus ;  and,  as  all  the  fibres  of  each  cavity  are  put  on  the 
stretch  at  the  same  instant,  they  contract  simultaneously.  The  necessary,  regular 
distention  of  each  cavity  thus  produces  rhythmical  and  forcible  contractions ;  and  the 
mere  fact  that  the  action  of  the  heart  alternately  empties  and  dilates  its  cavities  in- 
sm-es  regular  pulsations,  so  long  as  blood  is  supplied  and  no  disturbing  influences  are  in 
operation. 

The  muscular  fibres  of  the  heart  seem  to  be  endowed  with  an  inherent  property, 
called  irritability,  by  virtue  of  which  they  will  contract  for  a  certain  time  without  the 
application  of  a  stimulus.  Irritability,  manifested  in  this  way,  continues  so  long  as,  by 
the  processes  of  nutrition,  the  fibres  are  maintained  in  their  integrity.  The  muscular 
tissue,  however,  may  be  thrown  into  contraction,  during  the  intervals  of  repose,  by  the 
application  of  a  stimulus,  a  property  which  is  observed  in  all  muscular  fibres.  The  irri- 
tability manifested  in  this  way  is  much  more  marked  in  the  interior  than  on  the  exterior 
of  the  organ.  Blood  in  contact  with  the  lining  membrane  of  the  heart  acts  as  a  stimu- 
lus m  a  remarkable  degree  and  is  even  capable  of  restoring  irritability  after  it  has  be- 
come extinct.  The  passage  of  blood  through  the  heart  is  the  natural  stimulus  of  the 
organ  and  may  be  said  to  be  the  cause  of  its  regular  pulsations,  although  it  by  no  means 
endows  the  fibres  with  their  contractile  properties. 

Influence  of  the  Nervous  System  on  the  Heart. 
The  movements  of  the  heart,  as  we  have  seen,  are  not  directly  under  the  control  of 
the  will ;  and  observations  on  the  human  subject,  as  well  as  on  living  animals,  have 
shown  that  the  organ  is  devoid  of  general  sensibility.  The  latter  fact  was  demonstrated 
in  the  most  satisfactorv  manner  by  Harvey,  in  the  case  of  the  Viscount  Montgomery 
In  this  case,  the  heart  was  exposed,  and  Harvey  found  that  it  could  be  touched  and 
handled  without  even  the  knowledge  of  the  subject.    This  has  been  verified  m  other  m- 
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stances  in  the  human  subject.  Its  physiological  movements  are  capable  of  being  influ- 
enced in  a  remarkable  degree  through  the  nervous  system,  notwithstanding  this  insensi- 
bility and  in  spite  of  the  tact  that  the  muscular  fibres  composing  it  are  capable  of  con- 
traction when  removed  from  all  connection  with  the  body  and  that  the  regular  pulsa- 
tions can  be  kept  up  for  a  long  time  by  the  mere  passage  of  blood  through  its  cavities. 
The  influence  thus  exerted  is  so  great,  that  some  eminent  authorities  have  held  the  opin- 
ion that  the  cause  of  the  irritability  of  the  organ  was  derived  from  the  nerves.  One  of  the 
most  distinguished  advocates  of  this  opinion  was  Legallois.  This  observer  arrested  the 
action  of  the  heart  of  the  rabbit  by  suddenly  destroying  the  spinal  cord,  from  which  he 
drew  the  conclusion  that  the  heart  derived  its  contractile  power  from  the  cerebro-spinal 
system.  The  experiments  which  we  have  already  cited,  showing  the  continuance  of  the 
heart's  action  after  excision,  disprove  this  so  completely,  that  it  was  not  thought  worth 
while  to  discuss  this  view  while  treating  of  the  cause  of  its  rhythmical  contractions. 
The  same  may  be  said  with  regard  to  the  experiments  of  Brachet,  in  which  he  endeav- 
ored to  prove  that  the  contractility  of  the  heart  is  derived  from  the  cardiac  plexus  of  the 
sympathetic  system  of  nerves.  The  fact  that  the  heart  does  not  depend  for  its  contrac- 
tility upon  external  nervous  influence  may  he  regarded  as  long  since  definitely  settled ; 
but  within  a  few  years  the  discovery  in  its  substance  of  ganglia  belonging  to  the  sympa- 
thetic system  has  revived,  to  some  extent,  the  view  that  its  irritability  is  derived  from 
nerves.  It  is  not  necessary  to  foUow  out  all  the  experiments  which  combine  to  demonstrate 
the  incorrectness  of  this  view.  Bernard,  by  a  series  of  admirably-conceived  experi- 
ments upon  the  efi'ects  of  the  woorara  poison,  has  succeeded  in  demonstrating  the  dis- 
tinction between  muscular  and  nervous  irritability.  In  an  animal  killed  with  this  re- 
markable poison,  the  functions  of  the  motor  nerves  are  entirely  abolished,  so  that  gal- 
vanization or  other  irritation  does  not  produce  the  slightest  effect ;  yet  the  muscles  re- 
tain their  irritability,  and,  if  artificial  respiration  be  kept  up,  the  circulation  will  con- 
tinue for  a  long  time.  The  heart,  by  this  means,  seems  to  be  isolated  from  the  nervous 
system  as  completely  as  if  it  were  excised ;  and  galvanization  of  the  pneumogastric 
nerves  in  the  neck,  which,  in  a  living  animal,  will  immediately  arrest  its  action,  has  no 
effect.  On  the  other  hand,  poisoning  by  the  sulphocyanide  of  potassium  destroys  the 
muscular  iri'itability  and  leaves  the  nerves  intact.  By  these  experiments,  which  we 
have  frequently  repeated,  we  can  completely  separate  the  nervous  from  the  muscular 
irritability  and  show  their  entire  independence  of  each  other ;  and  there  is  every  rea- 
son to  suppose  that  the  heart,  like  the  other  muscles,  does  not  derive  its  contractility 
from  any  other  system.  It  is  evident,  however,  that  the  heart  is  often  powerfully  influ- 
enced through  the  nerves.  Sudden  and  violent  emotions  will  occasionally  arrest  its  ac- 
tion and  have  been  known  to  produce  death.  Palpitations  are  to  be  accounted  for  in 
the  same  way.  Some  of  the  modifications  which  we  have  already  considered,  depending 
on  exercise,  digestion,  etc.,  are  effected  through  the  nerves;  and  it  is  through  this  system 
that  the  heart  and  all  the  important  organs  of  the  body  are  made  to  a  certain  extent 
mutually  dependent.  It  becomes  interesting  and  highly  important,  then,  to  study  their 
influences  and  follow  out,  as  clearly  as  possible,  the  action  of  the  nerves  which  are  dis- 
tributed to  the  heart. 

f 

The  anatomical  connections  of  the  heart  with  the  nervous  centres  are  mainly  through 
the  sympathetic  and  the  pneumogastric  nerves.  We  can  study  the  influence  of  these 
nerves  to  most  advantage  in  two  ways;  first,  by  dividing  them  and  watching  the  effect 
of  depriving  the  heart  of  their  influence,  and  second,  by  exciting  them  by  means  of  a 
feeble  current  of  galvanism.  It  is  well  known  that  in  an  animal  just  killed  the  "  nervous 
force  "  may  be  closely  imitated  by  galvanism,  which  is  better  than  any  other  means  of 
stimulation,  as  it  does  not  affect  the  integrity  of  the  nerves  and  the  amount  of  the  irrita- 
tion may  be  easily  regulated.' 

'  Wo  shall  not  discuss  the  olTects  upon  tho  heart  of  sudden  destruction  of  tho  great  nervous  centres.  It  hns  been 
shown  that  the  heart  becomes  arrested  when  tho  brain  is  crushed,  as  by  a  blow  with  a  hammer,  when  tho  moduUo 


60 


CIKCULATION  OF  TUE  BLOOD. 


Experiments  on  the  influence  of  the  sympathetic  nerves  upon  the  heart  are  not  quite 
so  satisfactory  as  wo  might  desire.  It  has  been  asserted  that  the  action  of  the  heart  is 
immediately  arrested  by  destroying  the  cardiac  plexus.  "With  regard  to  this,  wo  must 
take  into  account  the  difficulty  of  making  the  operation  and  the  disturbance  of  the  heart 
consequent  upon  the  necessary  manipulations.  It  has  been  shown  pretty  conclusively, 
however,  that  stimulation  of  the  sympathetic  in  the  neck  has  the  effect  of  accelerating  the 
pulsations  of  the  heart.  The  extreme  difficulty  of  dividing  all  the  branches  of  the  sympa- 
tlietio  going  to  the  organ  leaves  a  doubt  as  to  whether  such  an  operation  would  definitely 

abridge  its  action.  _  ■■      4.  t? 

Wo  have  next  to  consider  the  influence  of  the  pneumogastrics  upon  the  heart.  Jix- 
perimeuts  on  these  nerves  are  made  with  greater  facility  than  on  the  nerves  of  the  sym- 
pathetic system,  and  the  results  are  much  more  satisfactory.  Like  all  the  cerebro-spmal 
nerves  the  influence  generated  in  the  nervous  centre  from  which  they  take  their  origin  is 
conducted  along  the  nerve  and  manifested  at  its  distribution.  When  they  are  divided, 
we  may  be  sure  that,  as  far  as  they  are  concerned,  all  the  organs  which  they  supply  are 
cut  off  from  nervous  influence  ;  ind,  when  galvanized  in  their  course,  we  imitate  or  ex- 
aggerate the  influence  sent  from  the  nervous  centre. 

The  invariable  effect  on  the  heart  of  division  of  the  pneumogastric  nerves  in  the  neck 
is-  an  increase  in  the  frequency  and  a  diminution  in  the  force  of  its  pulsations.  One  or  two 
writers  have  denied  this  fact,  but  it  is  confirmed  by  the  testimony  of  nearly  aU  experi- 
menters. To  anticipate  a  little  in  the  history  of  the  pneumogastric  nerves  it  may  be 
stated  that,  while  they  are  exclusively  sensitive  at  their  origin,  they  receive,  after  having 
emerged  from  the  cranial  cavity,  a  number  of  filaments-  from  various  motor  nerves. 
That  they  influence  certain  muscles,  is  shown  by  the  paralysis  of  these  muscles  after  divi- 
sion of  the  nerves  in  the  neck,  as,  for  example,  the  arrest  of  the  movements  of  the  glottis. 
Having  this  double  property  of  motion  and  sensation,  and  being  distributed  m  part  to 
an  organ  composed  almost  exclusively  of  muscular  fibres,  which,  as  we  have  Been  is  not 
endowed  with  general  sensibility,  we  should  expect  that  their  section  would  arrest,  or  at 
least  diminish,  L  frequency  of  the  heart's  action.  What  explanation,  then,  can  we  ffe 
for  the  fact  that  this  seems  actually  to  excite  the  movements  o  the  heart  ?  We  shal  be 
better  prepared  to  answer  this  question  after  we  have  studied  the  effects  of  galvanization 
of  the  nerves  in  a  living  animal  or  in  one  in  which  the  action  of  the  heart  is  kept  up  by 

have  been  made  with  reference  to  the  effects  on  th^eart 
galvanic  currents,  both  feeble  and  powerful,  passed  through  «^^l™^"r°'^"tJ'te 
iSn  of  curre'nts  passed  through  the  upper  and  lower  f^^^^^^^^^^^^^^^ 
a  full  detaU  of  which  belongs  properly  to  the  physiological  history  of  the  nervous  system. 
In  this  connection,  a  few  of  these  facts  only  need  be  stated  confirmed,  that 

It  has  been  shown  repeated  expenments  wh^^^^^^^^^^ 
a  moderately-powerful  interrupted  galvanic  current  passed  ""^^  o  1  b 
will  arrest  the  action  of  the  heart,  and  that  the  J-^"^^^^^^^^  ^Zlls^  both 
current  is  continued.  This  expermient  ^^l^^^^^^^^^^^^^^  continued 
with  and  without  exposure  of  the  heart  ^lie  ai rest  not  ventricles 
contraction  of  the  muscular  fibres  ;  on  the  contrary  '^ti  I  Question  then'arises  whether 
are  flaccid,  and  its  fibres  are  for  the         P^^^^^^^?-^;,  J^'^  ^r  ^^  an  influence 

oblongata  or  the  spina,  cord  ,s  suCaenly  Ccstroycd,  and  ^^^^^^^^^^^^     :'::^:sZZ'iTnl'Zi  1^-1 
.   product  thlB  en-cct.    In  fine,  this  may  f 'l^^ ''^^  ""^^^f/^^^X  Xr  U"  For  o:Lmplc,  ^vhilo  crushing  of  the  bra.n 
loach  ns  much  ^'Ith  regard  to  the  physlolog  cal  „eart  «-iil  beat  for  days.  EKperiment^ 

arrests  the  heart,  the  brain  may  be  removed  f"™       f^^a    by  no  means  satisfactory, 
upon  the  Influence  of  tho  meduUa  oblongata  and  spinal  cord  art,  oy  no 


INFLUENCE  OF  THE  NERVOUS  SYSTEM  ON  THE  HEART. 


61 


been  ascertained  that  galvanization  of  the  extremities  connected  with  the  heart  arrests 
its  action  while  galvanization  of  the  central  extremities  has  no  such  effect.  Another 
interestin'o-  fact  also  shows  that  the  influence  exerted  upon  the  heart  is  through  the  motor 
filaments  of  the  pneumogastrics.  It  has  been  demonstrated  by  Bernard,  in  a  very  curious 
series  of  experiments  which  we  shall  not  fully  discuss  in  this  connection,  that  the  woorara 
poison  paralyzes  only  the  motor  nerves,  leaving  the  sensory  nerves  mtact.  If  we  expose 
the  heart  and  the  pneumogastric  nerves  in  a  warm-blooded  animal  poisoned  with  this  agent, 
and  continue  the  pulsations  by  keeping  up  artificial  respiration,  we  find  that  the  most 
powerful  current  of  galvanism  passed  through  the  pneumogastrics  has  no  efi-ect  upon  the 

^^"when  we  come  to  the  study  of  the  nervous  system,  we  shall  see  that  the  inhibitory 
action  of  the  pneumogastrics  upon  the  heart  is  derived  from  the  spinal  accessory  nerves, 
a  fact  which  has  been  proven  beyond  question  by  a  very  ingenious  series  of  experiments, 
which  will  be  ftilly  described  hereafter. 

Although  galvanization  of  the  pneumogastrics  arrests  the  action  of  the  heart  m  nearly 
all  animals,  there  are  some  in  which  this  does  not  take  place,  as  in  birds ;  a  fact  which  is 
stated  by  Bernard,  hut  for  which  he  offers  no  explanation.    In  some  experiments  insti- 
tuted on  this  subject  a  few  years  ago  on  alligators,  we  noticed  a  singular  peculiarity  which 
throws  some  light  on  the  question  we  are  now  considering.    Desiring  to  demonstrate  to 
the  class  at  the  New  Orleans  School  of  Medicine  the  action  of  the  heart  in  this  animal, 
an  alhgator  six  feet  in  length  was  poisoned  with  woorara  and  the  heart  exposed.  The 
animal  came  under  the  influence  of  the  poison  in  about  thirty  minutes,  when  the  dissec- 
tion was  commenced,  and  was  quite  dead  when  the  heart  was  exposed.    The  pneumogas- 
trics were  then  exposed  and  galvanized,  with  the  effect  of  promptly  arresting  the  action 
of  the  heart.    This  observation  was  verified  in  another  experiment.   We  were  at  first  at  a 
loss  to  account  for  the  absence  of  effect  of  the  woorara  on  the  motor  filaments  of  the 
pneumogastric  nerves ;  but  on  reflection  we  thought  it  might  be  due  to  slow  absorption  of 
the  poison  in  so  large  a  cold-blooded  animal.    With  a  view  of  ascertaining  whether  there 
be  any  difference  in  the  promptness  with  which  different  nerves  in  the  body  are  affected 
by  this  agent,  we  made  the  following  experiment  upon  a  dog  :  The  animal  was  brouglit 
under  the  influence  of  ether,  and  the  heart,  the  pneumogastrics,  and  the  sciatic  nerve 
were  exposed.    Galvanization  of  the  sciatic  produced  muscular  contraction,  and  stimula- 
tion of  the  pneumogastrics  arrested  the  heart  promptly.    A  grain  of  woorara,  dissolved  in 
water,  was  then  injected  under  the  skin  of  the  thigh.    One  hour  after  the  injection  of 
the  woorara,  the  sciatic  was  found  insensible  to  galvanism,  but  the  heart  could  be  ar- 
rested by  galvanization  of  the  pneumogastrics,  although  it  required  a  powerful  current. 
A  weaker  current  diminished  the  frequency  and  increased  the  force  of  its  pulsations. 
In  this  experiment,  the  operation  of  opening  the  chest  undoubtedly  diminished  the  ac- 
tivity of  absorption  of  the  poison  and  consequently  retarded  its  effects  upon  the  nervous 
system.   Taken  in  connection  with  the  observations  on  alligators,  it  shows  that  the  motor 
nerves  are  not  all  affected  at  the  same  time,  and  that  the  pneumogastrics  resist  the  action 
of  this  peculiar  poison  after  the  motor  nerves  generally  are  paralyzed. 

Our  knowledge  of  the  inherent  properties  of  the  muspular  fibres  of  the  heart  and  of 
the  effects  of  the  passage  of  blood  through  its  cavities,  which  together  are  competent  to 
keep  up  for  a  time  regular  pulsations  without  the  intervention  of  the  nervous  system, 
taken  in  connection  with  the  facts  just  stated  concerning  the  influence  of  section  or  gal- 
vanization of  the  pneumogastric  nerves,  enables  us  to  comprehend  pretty  well  the  influ- 
ence of  these  nerves  on  the  heart.  They  undoubtedly  perform  the  important  function 
of  regulating  the  force  and  frequency  of  its  pulsations.  Hardly  any  reflection  is  necessary 
to  convince  us  of  the  importance  of  such  a  function,  and  how  it  must  of  necessity  be 
accomplished  through  the  pneumogastrics.  It  is  important,  of  course,  that  the  heart 
should  act  at  all  times  with  nearly  the  same  force  and  frequency.  "We  have  seen  that 
the  inherent  properties  of  its  fibres  are  competent  to  make  it  contract,  and  the  necessary 
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intermittent  dilatation  of  its  cavities  makes  these  contractions  assume  a  certain  regular- 
ity ;  but  the  quantity  and  density  of  the  blood  are  subject  to  very  considerable  variations 
within  the  limits  of  health,  which,  without  some  regulating  influence,  would  undoubtedly 
cause  variations  in  the  heart's  action,  so  considerable  as  to  be  injurious.  This  is  shown 
by  the  comparatively-inefficient  and  palpitating  action  of  the  heart  when  the  pneumogas- 
trios  are  divided.  These  nerves  convey  to  the  heart  a  constant  influence,  which  we  may 
compare  to  the  insensible  tonicity  imparted  to  voluntary  muscles  by  the  general  motor 
system.  For  we  know  that  when  a  set  of  muscles  on  one  side  is  paralyzed,  as  in  facial 
palsy,  their  tonicity  is  lost,  they  become  flaccid,  and  the  muscles  on  the  other  side,  with- 
out any  effort  of  the  will,  distort  the  features.  We  can  imitate  an  exaggeration  of  this 
force  by  a  feeble  current  of  galvanism,  which  renders  the  pulsations  of  the  heart  less 
frequent  and  more  powerful,  or  exaggerate  it  still  more  by  a  more  powerful  current, 
which  arrests  the  action  of  the  heart  altogether.  Phenomena  are  not  wanting  in  the 
human  subject  to  verify  these  views.  Causes  which  operate  through  the  nervous  sys- 
tem frequently  produce  palpitation  and  ii-regular  action  of  the  heart.  Cases  are  not 
uncommon  in  which  palpitation  habitually  occurs  after  a  full  meal.  There  are  instances 
on  record  of  immediate  death  from  arrest  of  the  heart's  action  as  a  consequence  of 
frio'ht,  anger,  grief,  or  other  severe  mental  emotions.  Syncope  from  these  causes  is  by 
no^means" uncommon.  In  the  latter  instance,  when  the  heart  resumes  its  functions, 
the  nervous  shock  carried  along  the  pneumogastrics  is  only  suflicient  to  arrest  its  action 
temporarily.  When  death  takes  place,  the  shock  is  so  great  that  the  heart  never 
recovers  from  its  effects. 

Summary  of  certain  Causes  of  Arrest  of  the  Action  of  the  Heart. 
In  warm-blooded  animals,  the  heart's  action  speedily  ceases  after  it  is  deprived  ot 
its  natural  stimulus,  the  blood.    It  is  not  from  experiments  on  the  inferior  animals 
alone  that  we  derive  proof  of  this  fact.    It  is  well  known  that,  in  profuse  hemorrhage 
in  the  human  subject,  the  contractions  of  the  heart  are  progressively  enfeebled,  and, 
when  the  loss  of  blood  has  proceeded  to  a  certain  extent,  are  permanently  arrested. 
Cases  of  transfusion  after  hsemorrhage  show  that  when  blood  is  introduced  the  heart 
may  be  made  to  resume  its  pulsations.    The  same  result  takes  place  in  death  by  asthe- 
nia ;  and  cases  are  on  record  in  which  life  has  been  prolonged,  as  in  haemorrhage,  by  trans- 
f\ision  of  even  a  small  quantity  of  healthy  blood.    These  facts  have  been  demons  rated 
on  the  inferior  animals  by  experiments  already  cited.    The  experiment  of  Haller  in 
which  the  action  of  the  right  side  of  the  heart  of  a  cat  was  arrested  by  emptying  it  o 
blood,  while  the  left  side,  which  was  filled  with  blood  continued  to  P^lf  ;- 
that  tke  absence  of  blood  in  its  cavities  is  competent  of  itself  o  arrest  tLe  h  art  Th 
experiments  of  Erichsen,  who  paralyzed  the  heart  by  ligatmg  the  ---^^  f 
o/Schiff,  who  produced  a  local  paralysis  by  ligat  ng      J-^^^  "J'^^^^^^^^ 
ventricle  show  that  the  heart  may  also  be  arrested  by  cutting  off  th  ^^^^^^f^^^J 
blood  in  its  substance.    Both  of  these  causes  must  operate  m  ariest  of  the  hearts 

'''''^^'.^S^^.^  of  arrest  of  the  heart's  action  are  of  considerable  patholo^- 
cal  importance  The  heart,  in  common  with  other  muscles,  may  be  paralyzed  by  me- 
chani^rHniu^  A  violent  blow  upon  the  deltoid  paralyzes  the  arm;  a  severe  strain 
win  pl'Se  muscles  of  an  extremity;  and,  in 

of  the  cavities  of  the  heart  will  arrest  its  pulsations.    This  is  shown  by  arrest  ol  the 
lilarni"  ^^^^^  Wehavealreadyseentbat,underthesecircumstances,th^^ 
is  Lapable  of  forcing  the  unaerated  blood  through  the  systemic  capillar,es.    T  e  he. irt 
finany  becomes  enomrously  strained  and  distended  and  is  co-equen  ly  iw^^^^^^^  Tl. 
same  result  follows  the  application  of  a  ligature  to  the  aorta.    ^  "    « -  -^^^^^^^ 
duced,  also,  in  the  cold-blooded  animals,  in  which,  if  the  heart  be  left  undisturbed, 
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pulsations  will  continue  for  a  long  time.  The  following  experiment  illustrating  this 
point  was  performed  upon  the  heart  of  an  alligator  six  feet  in  length: 

The  animal  was  poisoned  with  woorara,  aud  twentj^-eight  hours  after  death  the 
heart  which  had  been  exposed  and  left  in  situ,  was  pulsating  regularly.  It  was  then 
removed  from  the  body,  and,  after  some  experiments  on  the  comparative  force,  etc.,  of 
the  pulsations  when  empty  and  when  filled  with  blood,  was  filled  with  water,  the 
valves  having  been  destroyed  so  as  to  allow  free  passage  of  the  fluid  through  the  cavi- 
ties and  the  vessels  ligated.  The  ventricles,  still  filled  with  water  confined  in  their 
cavity,  were  then  firmly  compressed  with  the  hand,  so  as  to  subject  the  muscular  fibres 
to  powerful  compression.  From  that  time,  the  heart  entirely  ceased  its  contractions 
and  became  hard  like  a  muscle  in  a  state  of  cadaveric  rigidity.  This  experiment  shows 
how  completely  and  promptly  the  heart,  even  of  a  cold-blooded  animal,  may  be  ar- 
rested in  its  action  by  mechanical  injury. 

Cases  of  death  from  distention  of  the  heart  are  not  infrequent  in  practice.  It  is  well 
established  that  the  form  of  organic  disease  which  most  fi-equently  leads  to  sudden 
death  is  that  in  which  the  heart  is  liable  to  great  distention.  We  refer  to  disease  at  the 
aortic  orifice.  In  other  lesions  there  is  not  this  tendency  ;  but,  when  the  aortic  orifice 
is  contracted  or  the  valves  are  insufficient,  any  great  disturbance  of  the  circulation  will 
cause  the  heart  to  become  engorged,  which  is  liable  to  produce  a  fatal  result. 

Most  persons  are  practically  familiar  with  the  distressing  sense  of  suffocation  which 
frequently  follows  a  blow  upon  the  epigastrium ;  and  a  few  cases  are  on  record  of  m- 
stantaneous  death  following  a  comparatively  slight  concussion  in  this  region.  We  had  an 
opportunity,  in  the  winter  of  1854-'5,  of  witnessing  an  autopsy  in  a  case  of  this  kind.  A 
young  mulatto  man,  employed  as  a  waiter  at  the  Louisville  Hotel,  received  a  blow  in  the 
epigastrium  while  frolicking,  which  produced  instantaneous  death.  On  post-mortem  ex- 
ammation,  no  lesion  was  discovered.  Although  these  cases  are  rare,  they  are  well  recog- 
nized, and  the  effects  are  generally  attributed  to  injury  of  the  solar  plexus.  The  dis- 
tress is  precisely  what  would  occur  from  sudden  arrest  of  the  heart's  action ;  for  it  is 
the  blood  charged  with  oxygen  and  sent  by  the  heart  to  the  system,  which  supplies  the 
wants  of  the  tissues,  and  not  the  simple  entrance  of  air  into  the  lungs ;  and  arrest  of 
the  circulation  of  arterial  blood,  from  any  cause,  produces  suffocation  as  completely 
as  though  the  trachea  were  ligated.  This  fact  we  have  clearly  proven  by  experiments. 
It  is  a  question  whether  the  arrest  of  the  heart,  if  this  be  the  pathological  condition,  be 
due  to  concussion  of  the  nervous  centre  or  to  the  direct  effects  of  the  blow  uj)on  the 
organ  itself.  Our  present  data  do  not  enable  us  to  answer  this  question  definitely,  but 
they  rather  incline  us  to  the  opinion  that  in  such  accidents  the  symptoms  are  due  to 
direct  injury  of  the  heart.  An  additional  argument  in  favor  of  this  view  is  founded  on 
our  knowledge  of  the  mode  of  operation  of  the  sympathetic  system.  The  efltects  of 
stimulation  or  irritation  of  this  system  are  not  instantaneotisly  manifested,  as  is  the  case 
in  the  cerebro-spinal  system,  but  are  developed  slowly  and  gradually. 

As  far  as  we  have  been  able  to  learn  by  experiment,  the  nervous  influences  whicli 
arrest  the  action  of  the  heart  operate  through  the  pneumogastrics  and  are  derived  from 
the  spinal  accessory  nerves.  As  we  have  just  seen,  we  C£fn  closely  imitate  this  action  by 
galvanism.  The  causes  of  arrest  in  this  way  are  numerous.  Among  them  may  be  men- 
tioned, sudden  and  severe  bodily  pain  and  severe  mental  emotions.  With  the  exception 
of  arrest  of  the  heart  from  loss  of  blood  and  from  distention,  from  whatever  cause  it 
may  occur,  stoppage  of  the  heart  takes  place  from  influences  ojierating  through  the 
nervous  system.  It  may  be  temporary,  as  in  syncope,  or  it  may  be  permanent ;  and  ex- 
amples of  the  latter,  though  rare,  are  sufficiently  well  authenticated. 
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CHAPTER  III. 


CIRCULATION  OF  THE  BLOOD  IN  THE  VESSELS. 

PhvsioloElcnl  anatomy  of  the  arteries-Course  of  blood  In  the  arteries-Locomotion  of  the  arteries  and  production 
'  of  tlfe  mlse-PreBSure  of  blood  In  the  arteries-Pressure  In  different  parts  of  the  arterial  system-Depressor 
nervt-InUuence  of  respiration  on  the  arterial  pressure-Eapidity  of  the  current  of  blood  in  the  arteries-Kapid- 
Uv  n  diCnt  parts  of  the  arterial  system-Circulation  of  the  blood  in  the  capiliarie^Phys.ological  anatomy 
01  the  5  la  ies-Capacity  of  the  capillary  system-Course  of  blood  In  the  capiU»ie^Eelat,ons  of  the  cap  - 
cir  Sa  ion  to  respiratfon-Causes  of  the  capillary  circulation-Influence  of  temperature  on  tbe  cap.lianr  cu^- 
culat  on-lnfluenco  of  du-ect  irritation  on  the  capillary  circulation-Circulation  of  the  blood  m  tbe  vems-Pbysio- 
loXl  anatomy  of  the  veins-Course  of  the  blooi  In  the  vems-Pressure  of  blood  in  the  -'"^-^aP'^J^  °  *e 
venous  circulation-Causes  of  the  venous  circulation-Air  in  the  veins-F;mction  of  the  valves-a,nd  tions 
Iv^ich  imp  de  the  venous  eirculation-KegurBitant  venous  pulse-Circulation  in  the  cranml  caWty-CircuIaUon 
ta  lrecMc  ttssues-Derivative  circulation-Pulmonary  circulation-Eapidity  of  the  circulation-Phenomena  in 
the  eh-culatory  systom  after  death. 

In  man  and  in  all  animals  possessed  of  a  double  heart,  each  contraction  of  this  organ 
forces  a  charge  of  blood  from  the  right  ventricle  into  the  pulmonary  artery,  and  from 
the  left  ventricle  into  the  aorta.  We  have  seen  how  the  valves  which  guard  the  onhces 
of  these  vessels  effectually  prevent  regurgitation  during  the  intervals  of  contraction. 
There  is  therefore,  but  one  direction  in  which  the  blood  can  flow  in  obedience  to  tins 
intermittent  force ;  and  the  fact  that,  even  in  the  smallest  arteries,  there  is  an  accelera- 
tion in  the  current  coincident  with  each  contraction  of  the  heart,  which  disappears  when 
the  action  of  the  heart  is  arrested,  shows  that  the  ventricular  systole  is  the  prime  cause 
of  the  arterial  circulation.  But  this  part  of  the  physiology  of  the  circulation  is  not  so 
simple  as  we  might  at  first  be  led  to  suppose.  The  arteries  have  the  important  funct^ 
of  implying  nutritive  matter  to  all  the  tissues,  of  furnishing  to  the  glands  -«tei  als  ou 
o  wh'fch  tlfe  secretions  are  formed,  and,  in  short,  are  «-.--els  of  supp  y  t^^^^^^^^^^^^^ 
oftheorganism.  -P;--^^^^^^^^^^ 

quantity  of  arterial  blood  which  is  ^-"-^      ^      f  ^*  ,t  in  the  intervals  of 

during  secretion,  the  glands  reqmre  ll'^^l'^J^'^^^^^^^       within  the  limits  of 

their  action.    The  force  of  the  ^.^f^l'  ^'.^^^     of  blood  in  the  economy 

health;  and  the  conditions  necessary  to  the  piop^^^^  ^^^^^  .^^^^ 

are  regulated  almost  exclusive  y  by  the  ait  la  ^^^J^^^  considerably  facili- 

tnbes,  but  are  endowed  with  elasticit^^  -  ^  ^  ~  ,  ,e  modified,  inde- 
tated,  and  with  contractility,  by  which  the  supply  to  any  r  .    ,,^,„tenance  are 

pend^ntly  of  the  action  of  the  heart    Sudden  flu^  e  or  paUo  ^^^^ 
examples  of  the  facility  with  which  tins  may  l^f^^'J.;^^^^^^      i:;portance.  We 
the  properties  of  the  coats  of  ^  ^Z^:  ^  S^Tli^o^or; systom  with  a  consid- 
shall  then  commence  the  study  of  this  division  ox 
eration  of  its  physiological  anatomy. 

Physiological  Anatomy  of  the  Arteries. 
The  vessels  Which. rry^iev^ousb^c^^^ 

which  takes  its  origin  from  the  right  ^^^^l'"^'    '^J  ^^^^^  fact  that  their  coats 

vessel,  which  carry  the  blood  to  the  gen   al  and  ramifications  of 

are  somewhat  thinner  and  more  dis  ens  ble.  Jhe  ao.  ta  ^'^^  „t 

which  supply  all  parts  of  the  body,  is  Sjven  off  •       lie^  e^^^  ^^^^^^ 
gin,  behind  the  semilunar  valves,  the  aorta  ^^'^^J^" ^^r^drical    As  w4  recede  from 
nuses  of  Valsalva.    Beyond  this  point  the       ^  .J^/^^  ^  ^ C  ^re  reduced  to  micro- 
the  heart,  the  arteries  branch,  divide,  and  subdivide,  until  they 
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scopic  size.  The  branches,  with  the  exception  of  the  intercostal  arteries,  which  make 
nearly  a  right  angle  with  the  thoracic  aorta,  are  given  ofi"  at  an  acute  angle.  As  a  rule, 
the  arteries  are  nearly  straight,  taking  the  shortest  course  to  the  parts  which  they  sup- 
ply with  blood;  and,  while  the  branches  progressively  diminish  in  size,  but  few  are 
given  off  between  the  great  trunk  and  the  small  vessels  which  empty  into  the  capil- 
lary system.  Haller  counted  but  twenty  branches  of  the  mesenteric  artery  between  the 
aorta  and  the  capillaries  of  the  intestines.  So  long  as  a  vessel  gives  off  no  branches,  its 
caliber  does  not  progressively  diminish ;  as  the  common  carotids,  which  are  as  large  at 
their  bifurcation  as  they  are  at  their  origin.  There  are  one  or  two  instances  in  which 
vessels,  although  giving  off  numerous  branches  in  their  course,  do  not  diminish  in  size  for 
some  distance ;  as  the  aorta,  wliich  is  as  large  at  the  point  of  division  into  the  iliacs  as 
it  is  in  the  chest,  and  the  vertebral  arteries,  which  do  not  diminish  in  caliber  until  they 
enter  the  foramen  magnum.  With  these  exceptions,  as  we  recede  from  the  heart,  the 
caliber  of  the  vessels  progressively  diminishes.  It  has  long  been  remarked  that  the 
combined  caliber  of  the  branches  of  an  arterial  trunk  is  much  greater  than  that  of  the 
main  vessel ;  so  that  the  arterial  system,  as  it  branches,  increases  in  capacity. 

The  arrangement  of  the  arteries  is  such  that  the  requisite  supply  of  blood  is  sent  to 
all  parts  of  the  economy  by  the  shortest  course  and  with  the  least  expenditure  of  force 
from  the  heart.  Generally,  the  vessels  are  so  situated  as  not  to  be  exposed  to  pressure 
and  consequent  interruption  of  the  current  of  blood  ;  but,  in  certain  situations,  as  about 
some  of  the  joints,  there  is  necessarily  some  liability  to  occasional  compression.  In 
certain  situations,  also,  as  in  the  vessels  going  to  the  brain,  particularly  in  some  of  the  in- 
ferior animals,  it  is  necessary  to  moderate  the  force  of  the  blood-current,  on  account  of 
the  delicate  structure  of  the  organs  in  which  they  are  distributed.  Here  Nature  makes 
a  provision  in  the  shape  of  anastomoses,  by  which,  on  the  one  hand,  compression  of  a 
vessel  simply  diverts,  and  does  not  arrest  the  current  of  blood,  and,  on  the  other  hand, 
the  current  is  rendered  more  equable  and  the  force  of  the  heart  is  moderated. 

The  arteries  are  provided  with  membranous  sheaths,  of  greater  or  less  strength,  as 
the  vessels  are  situated  in  parts  more  or  less  exposed  to  disturbing  influences  or  acci- 
dents. 

Researches  into  the  minute  anatomy  of  the  arteries  have  shown  that  they  are  pos- 
sessed of  three  pretty  well  marked  coats.  As  these  vary  very  considerably  in  arteries  of 
different  sizes,  it  will  be  convenient,  in  their  description,  to  divide  the  vessels  into  three 
classes : 

1.  The  largest  arteries  ;  in  which  are  included  all  that  are  larger  than  the  carotids 
and  common  iliacs. 

2.  The  arteries  of  medium  size ;  that  is,  between  the  carotids  and  iliacs  and  the 
smallest. 

3.  The  smallest  arteries  ;  or  those  less  than      or  ^  of  an  inch  in  diameter. 

The  largest  arteries  are  endowed  with  great  strength  and  elasticity.  Their  external 
coat  is  composed  of  white,  or  inelastic  fibrous  tissue,  with  a  few  longitudinal  and  oblique 
fasciculi  of  involuntary  muscular  fibres.  This  coat  is  no  thicker  in  the  largest  vessels 
than  in  some  of  the  vessels  of  medium  size;  and  in  some  medium-sized  vessels  it  is 
actually  thicker  than  in  the  aorta.    This  is  the  only  coat  which  is  vascular. 

The  middle  coat,  on  which  the  thickness  of  the  walls  of  the  vessel  depends,  is  com- 
posed chiefly  of  the  yellow  elastic  tissue.  This  tissue  is  disposed  in  numerous  layers. 
First  we  have  a  thin  layer  of  ramifying  elastic  fibres,  and  then  a  number  of  layers  of 
elastic  membrane,  with  numerous  oval  longitudinal  openings,  which  has  given  it  the 
name  of  the  "  fenestrated  membrane."  Between  the  different  layers  of  this  membrane 
are  found  a  few  unstriped  or  involuntary  muscular  fibres.  These  muscular  fibres,  how- 
ever, are  not  numerous  and  have  but  little  physiological  importance.  A  small  portion 
of  the  aorta  and  pulmonary  artery  next  the  heart  is  entirely  free  from  muscular  fibres. 
In  the  largest  arteries,  the  fibres  are  arranged  in  fasciculi,  with  amorphous  and  fibrous 
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connective  tissue  running  in  a  circular,  longitudinal,  and  oblique  direction.  The  longi- 
tudinal and  oblique  fibres  exist  chiefly  in  the  outer  coat.  The  middle  coat  of  the  largest 
arteries  gives  them  their  yellowish  hue  and  the  elasticity  for  which  they  are  so  remark- 
able. 

The  internal  coat  of  the  largest  arteries  does  not  difl'er  materially  from  the  lining 
membrane  of  the  rest  of  the  arterial  system.  It  is  identical  in  structure  with  the  endo- 
cardium, the  membrane  lining  the  cavities  of  the  heart,  and  is  continued  through  the 
entire  vascular  system.  It  is  a  thin,  homogeneous,  elastic  membrane,  covered  with  a 
layer  of  elongated  epithelial  scales,  with  oval  nuclei,  their  long  diameter  following  the 
direction  of  the  vessel. 

The  arteries  of  medium  size  possess  considerable  strength,  some  elasticity,  and  very 
great  contractility.  In  the  outer  and  inner  coats  we  do  not  distinguish  any  great  differ- 
ence between  these  and  the  largest  arteries,  even  in  thickness.    The  essential  difference 


Fig.  20.-SmaK  arUry  from  the  mesmUr-y  of  the  frog  showing  ^fthemm  a^^ 

mag^fied  500  diametera.   (From  a  photogi-aph  taken  at  the  United  States  Army  Medical  Aluscum.) 

in  the  anatomy  of  these  vessels  is  found  in  the  middle  coat.  Here  we  have  a  continua- 
tion of  the  elastic  elements  found  in  the  largest  vessels,  but  relatively  dunmished  m 
thickness  and  mingled  with  the  fusiform,  involuntary  muscular  fibres  arranged  for  the 
most  part,  at  right  angles  to  the  course  of  the  vessel  These  fibres  are  found  chiefly  m 
the  inner  layers  of  the  middle  coat,  and  only  in  arteries  smaller  than  the  carotids  and 
primitive  iliacs.  In  arteries  of  medium  size,  like  the  femoral,  profunda  femons,  radial, 
or  ulnar,  they  exist  in  several  layers.  There  is  no  distinct  division,  as  regards  the  midd  o 
coat,  between  the  largest  arteries  and  those  of  medium  size.  As  we  recede  from  the 
heart,  muscular  fibres  gradually  make  their  appearance  between  the  elastic  layers,  pro- 
gressively increasing  in  quantity,  while  the  elastic  elements  are  dimmished. 
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In  the  smallest  arteries,  the  external  coat  is  thin  and  disappears  just  before  the  ves- 
sels empty  into  the  capillary  system  ;  so  that  the  very  smallest  arterioles  have  only  the 
inner  coat  and  a  layer  of  muscular  fibres.  Although  the  greatest  part  of  the  muscular 
fibres  in  the  middle  coat  of  the  arteries  are  arranged  at  right  angles  to  the  course  of  the 
vessels,  nearly  all  of  the  arteries,  in  the  human  subject,  are  provided  with  longitudinal 
and  oblique  muscular  fasciculi,  which  are  sometimes  external,  sometimes  internal,  and 
sometimes  on  both  sides  of  the  circular  layers. 

The  middle  coat  is  composed  of  circular  muscular  fibres,  without  any  admixture  of 
elastic  elements.  In  vessels  -j-J  o  of  an  inch  in  diameter,  we  have  two  or  three  layers  of 
fibres ;  but,  as  we  near  the  capillaries  and  as  the  vessels  lose  the  external  fibrous  coat, 
these  fibres  exist  in  a  single  layer. 

The  internal  coat  presents  no  essential  difference  from  the  coat  in  other  vessels,  with 
the  exception  that  the  epithelium  is  less  distinctly  marked. 

A  tolerably-rich  plexus  of  vessels  is  found  in  the  external  coats  of  the  arteries. 
These  are  called  the  vasa  vasorum  and  come  from  the  adjacent  arterioles,  having  no  di- 
rect connection  with  the  vessel  on  which  they  are  distributed.  A  few  vessels  penetrate 
the  external  layers  of  the  middle  coat,  but  none  are  ever  found  in  the  internal  coat. 

Nervous  filaments,  principally  from  the  sympathetic  system,  accompany  the  arteries, 
in  all  probability  to  their  remotest  ramifications.  These  are  not  distributed  in  the  walls 
of  the  large  vessels,  but  rather  follow  them  in  their  course,  their  filaments  of  distribu- 
tion being  found  in  those  vessels  in  which  the  muscular  element  of  the  middle  coat  pre- 
dominates. When  we  come  to  treat  of  the  physiology  of  the  organic  system  of  nerves, 
we  shall  see  that  the  "  vaso-motor  "  nerves  play  an  important  part  in  regulating  the 
function  of  nutrition.  Lymphatics  have  not  been  found  in  the  coats  of  any  of  the  blood- 
vessels. 

Course  of  the  Blood  in  the  Arteries. — At  every  pulsation  of  the  heart,  all  the  blood 
contained  in  the  ventricles,  excepting,  perhaps,  a  few  drops,  is  forced  into  the  great  vessels. 
We  have  already  studied  the  valvular  arrangement  by  which  the  blood,  once  forced  into 
these  vessels,  is  prevented  from  returning  into  the  ventricles  during  the  diastole.  The 
sketch  we  have  given  of  the  anatomy  of  the  arteries  has  prepared  us  for  a  complexity 
of  phenomena  in  the  circulation  in  these  vessels,  which  would  not  obtain  if  they  wei-e 
simple,  inelastic  tubes.  In  this  case,  the  intermittent  force  of  the  heart  would  be  felt 
equally  in  all  the  vessels,  and  the  arterial  circulation  would  be  subject  to  no  modifications 
which  did  not  come  from  the  action  of  the  central  organ.  As  it  is,  the  blood  is  received 
from  the  heart  into  vessels  endowed,  not  only  with  great  elasticity,  but  with  contractility. 
The  elasticity,  which  is  the  prominent  property  of  the  largest  arteries,  moderates  the 
intermittency  of  the  heart's  action,  providing  a  continiious  supply  to  the  parts;  while 
the  contractility  of  the  smallest  arteries  is  capable  of  increasing  or  diminishing  the  supply 
in  any  part,  as  may  be  required  in  the  various  functions. 

Elasticity  of  the  Arteries. — This  property,  which  is  particularly  marked  in  large 
vessels,  has  long  been  recognized.  If,  for  example,  we  forcibly  distend  the  aorta  with 
water,  it  may  be  dilated  to  more  than  double  its  ordinary  capacity  and  will  resume  its 
original  size  and  form  as  soon  as  the  pressure  is  removed.  This  simple. experiment  teaches 
us  that,  if  the  force  of  the  heart  be  sufiacient  to  distend  the  great  vessels,  their  elasticity 
during  the  intervals  of  its  action  must  be  continually  forcing  the  blood  toward  the 
periphery.  The  fact  that  the  arteries  are  distended  at  each  systole  is  abundantly  proven 
by  actual  experiment ;  although  the  immense  capacity  of  the  arterial  system,  as  compared 
with  the  small  charge  of  blood  which  enters  at  each  pulsation,  renders  the  actual  dis- 
tention of  the  vessels  less  than  we  should  be  led  to  expect  from  the  force  of  the  heart's 
contraction.  The  most  satisfactory  experiments  on  this  subject  are  those  of  Poiseuille. 
This  observer  illustrated  the  dilatation  of  the  arteries  in  the  following  way :  Having 
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exposed  a  considerable  extent  of  the  priinifcive  carotid  in  a  liorse,  lie  enclosed  a  portion 
in  a  tin  tube  filled  with  water  and  connected  with  a  small  upright  graduated  tube  of  glass. 
The  openings  around  the  artery,  as  it  passed  in  and  out  of  the  apparatus,  being  carefully 
sealed  with  tallow,  it  is  evident  that  any  dilatation  of  the  vessel  would  be  indicated  by 
an  elevation  of  the  water  in  the  graduated  tube.  Tiiis  experiment  invariably  showed  a 
marked  dilatation  of  the  artery  with  each  contraction  of  the  heart. 

It  being  fully  estabhshed  that  the  arteries  are  dilated  with  each  ventricular  systole,  it 
becomes  important  to  study  the  influence  of  their  elasticity  upon  the  current  of  blood. 
Division  of  an  artery  in  a  living  animal  exhibits  one  of  the  important  phenomena  due  to 
the  elastic  and  yielding  character  of  its  walls.    We  observe,  even  in  vessels  of  consider- 
able size,  as  the  carotid  or  femoral,  tliat  the  flow  of  blood  is  not  intermittent  but  remit- 
tent.   With  each  ventricular  systole,  there  is  a  sudden  and  marked  impulse;  but,  during 
the  intervals  of  contraction,  the  blood  continues  to  flow  with  considerable  force.    As  we 
recede  from  the  heart,  the  impulse  becomes  less  and  less  marked ;  but  it  is  not  entirely 
lost,  even  in  the  smallest  vessels,  the  flow  becoming  constant  only  in  the  capillary  system. 
That  the  force  of  the  heart  is  absolutely  intermittent,  is  shown  by  the  foUovNnng  experi- 
ment :  If  the  heart  be  exposed  in  a  living  animal,  and  a  canula  be  introduced  through  the 
walls  into  one  of  the  ventricles,  we  have  a  powerful  jet  at  each  systole,  but  no  blood  is 
discharged  durmg  the  diastole.    The  same  absolute  intermittency  of  the  current  will  be 
seen  if  the  aorta  be  divided.    It  is  evident  that  we  must  look  to  the  arteries  themselves 
for  the  force  which  produces  a  flow  of  blood  during  the  intervals  of  the  heart's  action. 
The  conversion  of  the  intermittent  current  in  the  largest  vessels  into  a  nearly-constant 
flow  in  the  smallest  arterioles  is  effected  by  the  physical  property  of  elasticity.  This  may 
be  illustrated  in  any  elastic  tube  of  sufficient  length.  If  we  connect  with  a  syringe  a  series 
of  rubber  tubes  progressively  diminishing  in  caliber  and  discharging  by  a  very  small  orifice, 
and  inject  water  in  an  intermittent  current,  if  the  apparatus  be  property  adjusted,  the 
fluid  will  be  discharged  at  the  end  of  the  tube  in  a  continuous  stream.    Nearer  the 
syringe,  the  stream  wiU  be  remittent;  and,  directly  at  the  point  of  connection  of  the 
syringe  with  the  tube,  the  stream  will  be  intermittent.    The  intermittent  impulse  may  be 
said,  in  this  case,  to  be  progressively  absorbed  by  the  elastic  walls  of  the  tube.  Each 
impulse  first  distends  that  portion  of  the  tube  nearest  to  it,  and  farther  on  the  distention 
is  diminished  until  it  becomes  inappreciable.    If  the  syringe  be  connected  with  two 
tubes,  one  elastic  and  the  other  inelastic,  the  current  will  be  either  reniittent  or  contin- 
uous in  the  one,  and  intermittent  in  the  other.    This  modification  of  the  impulse  of  the 
heart  has  great  physiological  importance ;  for  it  is  evidently  essential  that  the  current  of 
blood,  as  it  flows  into  the  delicate  capillary  vessels,  should  not  be  alternately  mtermi  ed 
and  impelled  with  the  full  power  of  the  ventricle.    After  all,  it  is  in  the  capillaries  that 
the  blood  performs  its  functions ;  and  here  we  should  have  a  constant  supply  of  the  fluid 
in  proper  quantity  and  in  proper  condition  to  meet  the  nutritive  and  other  requirements 

of  the  parts.  ,  ,,         -n    •  i 

The  elasticity  of  the  arteries  favors  the  flow  of  blood  toward  the  capillaries  by  a 
mechanism  which  is  easily  understood.  The  blood  discharged  from  the  heart  distends  the 
elastic  vessel,  which  reacts,  after  the  distending  force  ceases  to  operate,  and  compresses 
its  fluid  contents.  This  reaction  would  have  a  tendency  to  force  the  blood  m  two  di  ec- 
tions,  were  it  not  for  an  instantaneous  closure  of  the  valves,  which  renders  regurgitat  on 
with  the  heart  impossible.  The  influence,  then,  can  only  be  exerted  m  the  direction  of  the 
periphery;  and,  if  we  can  imagine  as  divided  an  action  which  is  propagated  with  sue 
1-apidity,  the  reaction  of  that  portion  of  the  vessel  immedia  ely  distended  by  t  e  liea  t 
distends  a  portion  farther  on,  which,  in  its  turn,  distends  another  portion,  and  so  the  ™ 
passes  along  until  the  blood  is  discharged  into  the  capillaries.  f  ^  ^'-^y  ^  Von  the 
?hat,  in  vessels  removed  a  sufficient  distance  form  the  heart  the  force  exerted  on  the 
blood  by  the  reaction  of  the  elastic  walls  is  competent  to  produce  a  very  con-Md  able 
current  during  the  intervals  of  the  heart's  action.    This  theoretical  view  is  fully  earned 
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out  by  the  following  simple  and  conclusive  experiment  of  Marey :  He  connected  two 
tubes  of  equal  size,  one  of  rubber  and  the  other  of  glass,  with  the  stop-cock  of  a  largo 
vase  filled  with  water.  The  elastic  tube  was  provided  with  a  valve  near  the  stop-cock, 
which  prevented  the  reflux  of  fluid,  and  both  were  fitted  with  tips  of  equal  caliber. 
When,  by  alternately  opening  and  closing  the  stop-cock,  water  was  allowed  to  flow 
into  these  tubes  in  an  intermittent  stream,  it  was  found  that  a  greater  quantity  was 


Fig.  21.— Apparatus  for  showing  the  action  of  the  elaeiicitij  of  Hie  arteries.  (Marey.) 
V,  vessel  of  water ;  E,  stop-cock ;  T,  double  tube ;  S,  valve ;  a,  a,  glass  tube ;  5,  6,  rubber  tube. 


discharged  by  the  elastic  tube ;  but  an  equal  quantity  was  discharged  by  both  tubes 
when  the  stop-cock  was  left  open  and  the  fluid  allowed  to  pass  in  a  continuous  stream. 
This  simple  experiment  shows  that  not  only  does  the  elasticity  of  the  arteries  convert  the 
intermittent  current  in  the  largest  vessels  into  a  current  more  and  more  nearly  continuous 
as  we  approach  the  periphery,  but  that  when  reflux  is  prevented,  as  it  is  by  the  semilunar 
valves,  the  resiliency  of  the  arteries  assists  the  circulation. 

Contractility  of  the  Arteries.— li  is  a  well-established  anatomical  fact  that  the 
medium-sized  and  smallest  arteries  contain  contractile  elements ;  and  it  is  also  a  fact, 
proven  by  actual  experiment,  that,  as  a  consequence  of  the  condition  of  these  fibres, 
the  vessels  undergo  considerable  variation  in  their  caliber.  The  opinions  of  the  older 
physiologists  on  this  question  have  only  an  historical  interest  and  will  not,  therefore, 
be  discussed.  Among  the  more  recent  investigations  on  this  subject,  we  have  the  experi- 
ments of  CI.  Bernard  and  of  Schifi",  which  have  been  repeatedly  confirmed,  showing  that, 
through  the  nervous  system,  the  muscular  coats  of  arteries  may  be  readily  made  to  con- 
tract or  become  relaxed.  If  the  sympathetic  be  divided  in  the  neck  of  a  rabbit,  in  a  very 
few  minutes  the  arteries  of  the  ear  on  that  side  are  notably  dilated.  If  the  divided  ex- 
tremity of  the  nerve  be  galvanized,  the  vessels  soon  take  on  contraction  and  may  become 
smaller  than  on  the  opposite  side.  These  experiments  demonstrate,  in  the  most  conclu- 
sive manner,  the  contractile  properties  of  the  small  arteries  and  give  us  an  idea  how  the 
supply  of  blood  to  any  particular  part  may  be  regulated.  The  vessels  may  be  most  ef- 
fectually excited  through  the  nervous  system ;  and  it  is  on  account  of  the  difiiculty  in 
producing  marked  results  by  direct  irritation,  that  the  older  physiologists  were  divided 
on  the  subject  of  their  "  irritabihty." 

The  contractihty  of  the  arteries  has  great  physiological  importance.  As  their  func- 
tion is  simply  to  supply  blood  to  the  various  tissues  and  organs,  it  is  evident  that,  when 
the  vessels  going  to  any  particular  part  are  dilated,  the  supply  of  blood  is  necessarily  in- 
creased. This  is  particularly  well  marked  in  the  glands,  which,  during  the  intervals  of 
secretion,  receive  a  comparatively  small  quantity  of  blood.  Bernard  has  shown  that  gal- 
vanization of  what  he  calls  the  motor  nerve  of  a  gland  dilates  the  vessels,  largely  increases 
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the  supply  of  blood,  and  induces  secretion  ;  while  galvanization  of  the  sympathetic  fila- 
ments contracts  the  vessels,  diminishes  the  supply  of  blood,  and  arrests  secretion.  The 
pallor  of  parts  exposed  to  cold,  and  the  flush  produced  by  heat,  are  due,  on  the  one  hand, 
to  contraction,  and  on  the  other,  to  dilatation  of  the  small  arteries.  Pallor  and  blushing 
from  mental  emotions  are  examples  of  the  same  land  of  action. 

The  ulterior  effects  on  nutrition,  which  result  from  dilatation  of  the  vessels  of  a  part, 
are  of  great  interest.  When  the  supply  of  blood  is  much  increased,  as  in  section  of  the 
sympathetic  in  the  neck,  nutrition  is  exaggerated,  and  the  temperature  of  the  part  i.s 
raised  beyond  that  of  the  rest  of  the  body.  ,  ,        .  i 

The  idea  which  at  one  time  obtained,  that  the  arteries  were  the  seat  of  rhythmical 
contractions' which  had  a  favorable  influence  on  the  current  of  blood  is  entirely  erro- 
neous '    It  is  hardly  necessary  to  repeat  that  the  prime  cause  of  the  arterial  circulation 
is  the  force  of  the  left  ventricle.    We  have  seen  that  the  elasticity  of  the  arteries  pro- 
duces a  flow  during  the  intervals  of  the  heart's  action,  and  the  question  now  arises 
whether  the  force  thus  exerted  be  simply  a  return  of  the  force  required  to  expand  the 
vessels  which  has  been  borrowed,  as  it  were,  from  the  heart,  or  something  superadded 
to  the  force  of  the  heart.    The  experiment  of  Marey,  already  alluded  to,  settles  this  ques- 
tion   When  water  was  forced  in  an  intermittent  current  into  two  tubes,  one  elastic  and 
the  other  inelastic  bnt  discharging  by  openings  of  equal  size,  by  lar  the  greater  quantity 
was  discharged  by  the  elastic  tube.    A  little  reflection  will  show  liow  the  action  of  the 
da  tic  arterfes  must  actually  assist  the  circulation.    The  resiliency  of  the  vessel  is  con- 
InaTly  pressing  their  contents  toward  the  periphery,  as  regurgitation  is  rendered  impos- 
s  b  e  5  ?'^e  closure  of  the  semilunar  valves.    The  dilatation  of  t  ie  vessels  with  each  sys- 
o  e  of  course  admits  an  increased  quantity  of  blood;  and  it  has  been  experimentally 
demonstrated  that  the  same  intermittent  force  exerted  on  an  inelastic  tube  will  discharge 
a  less  quantity  of  liquid  from  an  opening  of  equal  caliber. 

Superadded,  then,  to  the  direct  action  of  the  heart,  we  must  recognize,  as  a  can  e  m- 
fluencing  the  flmv  of  blood  in  the  arteries,  the  resiliency  of  the  vessels,  especially  of  tho 
of  arge  size,  this  force  being  derived  originally  from  the  heart.  Thus  it  will  be  seen  that 
tt    aSeries  are  constantly\ept  distended  with  blood  ^^Ij^^^^'^l^ 
their  elasticity  and  the  progressive  increase  m  the  <=«P-"t5^/;'^l^  to  np  Si 

branch,  the  powerful  contnictions  ^^^^ ^f^^^,^^^  ^^^  ZZ^e 
tl^rS-Tof  trrbloTd!  :rng\s^guards  or  se^neW 
wans,  icouiaui.  numerous  functions  in  which  the  blood 

the  process  of  nutrition,  and,  m  fact,  ot  all  tne  numwous 

is  concerned. 

Zocor^otion  oftU  Arteries  an,  Tro.uetion  oftU  ^^^^^^^^^t  ^'^^^^^^^ 
heart,  the  arteries  are  increased  in  length  and  n;a-y  f  ^i^  ind  rgo  a  co 
motion.    This  may  he  readily  observed  m  vessels  ^^^^"^^  "^^^^^^^^^^  el,^g,tion  may 

is  frequently  very  marked  in  the  as  a't  the  divis- 

alsobeseenif  we  watch  attentively^  h^^^^^^^^^^^  ^J,^^ 

^:M:rw~nc^s  t.e  TalibS  tie  vessel,  causes  an  elongation  even  more 

finger  placed  over  an  exp.^  ar^y  or  one  ^.oh 
riences  a  sensation  at  every  beat  of  the  1^^^^  *  «         Ordinarily  it  is  appreciated 

^.er;;:er:°?x.ii:s]».e-"— ^^^^^ 

recent  cxperin,ents  of  Dr.  J.  J.  Mason  of  New  ..^jji^g        cirenlation.   This  ^^c.^v,  however,  ,s 

staUlc  action  of  tl>e  nmscular  coats  of  the  ^""''^fJ^^Vorer  physiologists 
opposed  to  the  ideas  of  Lepros  and  Onimus  and  of  some         P  J 
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which  can  readily  be  compressed  against  the  bone.  In  an  artery  imbedded  in  soft  parts 
which  yield  to  pressure,  the  actual  dilatation  of  the  vessel  being  very  slight,  pulsation  is 
felt  with  dilBculty,  if  at  all.  "When  obstruction  of  an  artery  is  complete,  as  in  ligation  of 
a  vessel,  the  pulsation  above  the  point  of  ligature  is  very  marked  and  can  be  readily  ap- 
preciated by  the  eye.  The  explanation  of  this  exaggeration  of  the  movement  is  the  fol- 
lowing: Normally,  the  blood  passes  freely  through  the  arteries  and  produces,  in  the 
smaller  vessels,  very  little  movement  or  dilatation;  when,  however,  the  current  is  ob- 
structed, as  by  ligation  or  even  compression  with  the  finger,  the  force  of  the  heart  is  not  sent 
through  the  vessel  to  the  periphery  but  is  arrested  and  therefore  becomes  more  marked 
and  easily  appreciated.  In  vessels  which  have  become  undilatable  and  incompressible 
from  calcareous  deposits,  the  pulse  cannot  be  felt.  The  character  of  the  pulse  indicates, 
to  a  certain  extent,  the  condition  of  the  heart  and  vessels.  We  have  spoken,  when  treat- 
ing of  the  heart,  of  the  varying  rapidity  of  the  pulse,  as  it  is  a  record  of  the  rapidity  of 
the  action  of  this  organ ;  but  it  remains  for  us  to  consider  the  mechanism  of  its  produc- 
tion and  its  various  characters. 

Under  ordinary  circumstances,  the  pulse  may  be  felt  in  all  arteries  which  are  ex- 
posed to  investigation ;  and,  as  it  is  due  to  the  movement  of  the  blood  in  the  vessels,  the 
prime  cause  of  its  production  is  the  contraction  of  the  left  ventricle.  The  experiments 
of  Marey  have  shown  that  the  impulse  given  to  the  blood  by  the'  heart  is  not  felt  in  all 
the  vessels  at  the  same  instant.  By  ingenious  contrivances,  which  will  be  described 
farther  on,  this  observer  has  succeeded  in  registering  simultaneously  the  impulse  of  the' 
heart,  the  pulse  of  the  aorta,  and  the  pulse  of  the  femoral  artery.  He  has  thus  ascer- 
tained that  the  conti-action  of  the  ventricle  is  anterior,  in  point  of  time,  to  the  pulsation 
of  the  aorta,  and  that  the  pulsation  of  the  aorta  precedes  the  pulse  in  the  femoral.  This 
only  confirms  the  views  of  other  physiologists,  particularly  Weber,  who  described  this 
progressive  retardation  of  the  pulse  as  we  recede  from  the  heart,  estimating  the  difference 
between  the  ventricular  systole  and  the  pulsation  of  the  artery  in  the  foot  at  one-seventh 
of  a  second. 

It  is  evident  from  what  we  know  of  the  variations  which  occur  in  the  force  of  the 
heart's  action,  the  quantity  of  blood  in  the  vessels,  and  from  the  changes  which  may 
take  place  in  the  caliber  of  the  arteries,  that  the  characters  of  the  pulse  must  be  subject 
to  numerous  variations.  Many  of  these  may  be  appreciated  simply  by  the  sense  of  touch. 
We  find  writers  treating  of  the  soft  and  compressible  pulse,  the  hard  pulse,  the  wiry 
pulse,  the  thready  pulse,  etc.,  as  indicating  various  conditions  of  the  circulatory  system. 
The  character  of  the  pulse,  aside  from  its  frequency,  has  always  been  regarded  as  of  gi-eat 
importance  in  disease  ;  and  the  variations  which  occur  in  health  form  a  most  interesting 
subject  for  physiological  inquiry. 

Form  of  the  Pulse. — It  is  e'ddent  that  few  of  the  characters  of  a  pulsation,  occupying 
as  it  does  but  one-seventieth  part  of  a  minute,  can  be  ascertained  by  the  sense  of  touch 
alone.  This  fact  has  been  appreciated  by  physiologists ;  and,  within  the  last  few  years, 
in  order  to  accurately  study  this  important  subject,  instruments  for  registering  the  pulse 
have  been  constructed,  to  enable  us  to  analyze  the  dilatation  and  movements  of  the 
vessels.  The  idea  of  such  an  instrument  was  probably  suggested  by  the  following 
simple  observation:  When  the  legs  are  crossed,  with  one  knee  over  the  other,  the  beating 
of  the  popliteal  artery  will  produce  a  marked  movement  in  the  foot.  If  wo  could  apply 
to  an  artery  a  lever  provided  with  a  marking  point  in  contact  with  a  slip  of  paper  moving 
at  a  definite  rate,  this  point  would  register  the  movements  of  the  vessel  and  its  changes 
in  caliber.  The  first  physiologist  who  put  tliis  in  practice  was  Vierordt,  who  constructed 
quite  a  complex  instrument,  so  arranged  that  the  impulse  from  an  accessible  artery,  like 
the  radial,  was  conveyed  to  a  lever,  which  marked  the  movement  upon  a  revolving 
cylinder  of  paper.  This  instrument  was  called  a  "  sphygmograpli."  The  traces  made  by 
it  were  perfectly  regular  and  simply  marked  the  extremes  of  dilatation,  exaggerated,  of 
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course,  by  tlie  lengtli  of  the  lover,  and  the  number  of  pulsations  in  a  given  time.  The 
latter  can  be  easily  estimated  by  more  simple  means;  and,  as  the  former  did  not  convey 
any  very  definite  physiological  idea,  the  apparatus  was  regarded  rather  as  a  curiosity 
than  an  instrument  for  accurate  research. 


Fig.  Vl.—Spliygmograph  of  Many. 
Thfl  Annnnitus  is  Becurelv  fixed  on  the  forearm,  so  that  the  spring  under  the  screw  V  is  directly  over  the  radial  artery. 
TKovemerts  of  tlfe  pile  are  to  the  Ion's  and  light  wooden  lever  L  and  «ei«t««d  "pon  the  sur- 

face ?,  wh"h  is  moved  a1  a  known  rate  by  the  clock-work  H.  The  apparatus  is  so  adjusted  that  the  movements 
of  the  vessel  are  accurately  auiplified  and  registered  by  the  extreme  point  of  the  lever. 


Fig.  23  {k^.-Sphygmograph  of  Marey  applied  to  the  arm. 


Fio.  23  (G).— Trace  of  Marey. 
Portions  of  four  traces  taken  in  different  conditions  of  the  pulse. 

The  principle  on  which  the  instrument  of  Vierordt  was  constructed  was  correct;  and 
it  only  remained  to  construct  one  which  would  he  easy  of  application  and  produce  a  trace 
representing  the  shades  of  dilatation  and  contraction  of  the  vessels  m  order  to  le.ad  o 
important  practical  results.    These  indispensable  conditions  are  fully  realized  in  the 
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1  r.f  \rnrAv  to  whose  researches  on  the  circulation  we  have  repeatedly 
xt  ^J^^^U^^^  the  changes  in  the  caliher  of  the  vessel ;  and, 
I  tho  'h  its  application  is,  perhaps,  not  so  easy  as  to  make  :t  generally  usetul  m  practice, 
r  he  lands  o^Marey  it  has  given  us  a  definite  knowledge  of  the  physio  og.cal  character 
of  the  pulse  and  its  modifications  in  certain  diseases,  information  which  is  exceedingly 
desirable  and  which  could  not  be  arrived  at  by  other  means  of  investigation.  In  short 
its  mechanism  is  so  accurate  that,  when  skilfully  used,  it  gives  on  paper  the  actual 
"form  of  the  pulse."  This  instrument,  applied  to  the  radial  artery,  gives  a  trace  very 
different  from  that  obtained  by  Vierordt,  which  was  simply  a  series  of  regular  eleva- 
tions and  depressions..  A  comparison  of  the  traces  obtained  by  these  two  observers 
..ives  an  idea  of  the  defects  which  have  been  remedied  by  Marey;  for  it  is  evident  that 
the  dilatation  and  contraction  of  the  arteries  cannot  be  so  regular  and  simple  as  would 
be  inferred  merely  from  the  trace  made  by  the  instrument  of  Vierordt 

Analyzing  the  traces  of  Marey,  we  see  that  there  is  a  ddatation  foUowmg  the  systole 
of  the  heart,  marked  by  an  elevation  of  the  lever,  more  or  less  sudden,  as  indicated  by 
the  angle  of  the  trace,  and  of  greater  or  less  amplitude.    The  dOatation,  having  arrived 
at  its  maximum,  is  followed  by  reaction,  which  may  be  slow  and  regular,  or  may  be,  and 
generally  is,  interrupted  by  a  second  and  slighter  upward  movement  of  the  lever.  This 
second  impulse  varies  very  much  in  amplitude.    In  some  rare  instances,  it  is  nearly  as 
marked  as  the  first  and  may  be  appreciated  by  the  finger,  giving  the  sensat.on  of  a  double 
pulse  following  each  contraction  of  the  heart.    This  is  called  the  dicrotic  pulse.    As  a 
rule,  the  first  dilatation  of  the  vessel  is  sudden  and  is  indicated  by  an  almost  vertical 
line;  this  is  followed  by  a  slow  reaction,  indicated  by  a  gradual  descent  of  the  trace, 
which  is  not,  however,  absolutely  regular,  but  is  marked  by  a  slight  elevation  mdicatmg 
a  second  impulse.    The  amplitude  of  the  trace,  or  the  distance  between  the  highest  and 
the  lowest  pomts  marked  by  the  lever,  depends  upon  the  amount  of  constant  tension  of 
the  vessels.    Marey  has  found  that  the  amplitude  is  in  an  inverse  ratio  to  the  tension ; 
which  is  very  easily  understood,  for,  when  the  arteries  are  but  little  distended,  the  force 
of  the  heart  must  be  more  marked  in  its  effects  than  when  the  pressure  of  blood  is  very 
great.    Any  circumstance  which  facilitates  the  flow  of  blood  from  the  arteries  into  the 
capillaries  will,  of  course,  relieve  the  tension  of  the  arterial  system,  lessen  the  obstacle 
to  the  force  of  the  heart,  and  increase  the  amplitude  of  the  pulsation,  and  vice  versa. 
In  support  of  this  view,  Marey  has  found  that  cold  applied  to  the  surface  of  the  body 
contracting,  as  it  does,  the  smallest  arteries,  increases  the  arterial  tension  and  dimin- 
ishes the  amplitude  of  the  pulsation,  while  a  moderate  elevation  of  temperature  pro- 
duces an  opposite  effect. 

In  nearly  all  the  traces  given  by  Marey,  the  descent  of  the  lever  indicates  more  or  less 
oscillation  of  the  mass  of  blood.  The  physical  properties  of  the  larger  arteries  render 
this  inevitable.  As  they  yield  to  the  distending  influence  of  the  heart,  reaction  occurs 
after  this  force  is  taken  off  and,  if  the  distention  be  very  great,  gives  a  second  impulse  to 
the  blood.  This  is  quite  marked,  unless  the  tension  of  the  arterial  system  be  so  great  as 
to  offer  too  much  resistance.  One  of  the  most  favorable  conditions -for  the  manifestation 
of  dicrotism  is  diminished  tension,  which  is  always  found  coexisting  with  a  very  marked 
exhibition  of  this  phenomenon. 

The  delicate  instrument  employed  by  Marey  enabled  him  to  accurately  determine  and 
register  these  various  phenomena,  by  observations  on  the  arteries  of  the  human  subject 
and  the  lower  animals  ;  and,  by  means  of  an  ingeniously  constructed  "  schema,''  repre- 
senting the  arterial  system  by  elastic  tubes  and  the  left  ventricle  by  an  elastic  bag  pro- 
vided with  valves  and  acting  as  a  s:^ringe,  he  satisfactorily  established  the  conditions  of 
tension,  etc.,  necessary  to  their  production.  In  this  schema,  the  registering  apparatus, 
simpler  in  construction  than  the  spliygmograpli,  could  be  applied  to  the  tubes  with  more 
accuracy  and  ease.  He  demonstrated,  by  experiments  with  this  system  of  tubes,  that 
the  amplitude  of  the  pulsations,  the  force  of  the  central  organ  being  the  same,  is  greatest 
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when  the  tubes  are  moderately  distended,  or  wlien  tlie  tension  of  fluid  islow,  and  viceveraa. 
lie  demonstrated,  also,  that  a  low  tension  favors  dicrotism.  In  tliis  latter  observation, 
ho  d  iniinished  the  tension  by  enlarging  the  orifices  by  which  the  fluid  was  discharged 
from  the  tubes,  imitating  the  dilatation  of  the  small  vessels,  by  which  the  tension  is  di- 
minished in  the  arterial  system.  He  also  demonstrated  that  an  important  and  essential 
element  in  the  production  of  dicrotism  is  the  tendency  to  oscillation  of  the  fluid  in  the 
vessels  during  the  intervals  between  the  contractions  of  the  heart.  This  can  only  occur 
in  a  fluid  which  has  a  certain  weight  and  acquires  a  velocity  from  the  impulse ;  for, 
wlion  air  was  introduced  into  the  apparatus,  dicrotism  could  not  be  produced  under  any 
circumstances,  as  the  fluid  did  not  possess  weight  enough  to  oscillate  between  the  im- 
pulses. Water  produced  a  well-marked  dicrotic  impulse  under  favorable  conditions ; 
and  with  mercury,  the  oscillations  made  two,  three,  or  more  distinct  impulses.  By 
these  experiments  he  proved  that  the  blood  oscillates  in  the  vessels,  if  this  movement 
bo  not  suppressed  by  too  great  pressure  or  tension.  This  oscillation  gives  the  successive 
rebounds  that  are  mai'ked  in  the  descending  line  of  the  pulse,  and  is  capable,  in  some 
rare  instances  when  the  arterial  tension  is  very  slight,  of  producing  a  second  rebound 
of  suflicient  force  to  be  appreciated  by  the  finger. 

Without  treating  of  the  variations  in  the  character  of  the  pulse  in  disease,  due  to  the 
action  of  the  muscular  coat,  we  shall  consider  some  of  the  external  modifying  influences 
which  come  within  the  range  of  physiology.  The  smallest  vessels  and  those  of  medium 
size  possess  to  an  eminent  degree  what  is  called  tonicity,  or  the  property  of  maintaining 
a  certain  continued  amount  of  contraction.  This  contraction  is  antagonistic  to  the  dis- 
tending force  of  the  blood,  as  is  shown  by  opening  a  portion  of  an  artery  included  be- 
tween two  ligatures  in  a  living  anuTial,  when  the  contents  will  be  forcibly  discharged  and 
the  caliber  of  that  portion  of  the  vessel  is  very  much  diminished.  Too  great  distention 
of  the  vessels  by  the  pressure  of  blood  seems  to  be  prevented  by  this  constant  action  of 
the  muscular  coat;  and  thus  the  conditions  are  maintained  which  give  the  pulse  the 
characters  we  have  just  described. 

By  excessive  and  continued  heat,  the  muscular  tissue  of  the  arteries  may  be  dilated 
so  as  to  offer  less  resistance  to  the  distending  force  of  the  heart.  Under  these  circum- 
stances, the  pulse,  as  felt  by  the  finger,  will  be  found  to  be  larger  and  softer  than  normal. 
Gold,  either  general  or  local,  has  an  opposite  eifect ;  the  arteries  become  contracted,  and 
the  pulse  assumes  a  harder  and  more  wiry  character.  Usually,  prolonged  contraction  of 
the  arteries  is  followed  by  relaxation,  as  is  seen  in  the  full  pulse  and  glow  of  the  surface 
which  accompany  reaction  after  exposure  to  cold. 

It  has  been  found,  also,  that  there  is  a  considerable  difference  in  the  caliber  of  the 
arteries  at  different  periods  of  the  day.  The  diameter  of  the  radial  has  been  found  very 
much  greater  in  the  evening  than  in  the  morning,  producing,  naturally,  a  variation  in  the 
character  of  the  pulse.  We  learn  from  these  physiological  variations,  how,  in  disease, 
when  they  become  more  considerable,  they  may  give  important  information  with  regard 
to  the  condition  of  the  system. 

Pressure  of  Blood  in  the  Arteries. 

The  reaction  of  the  elastic  walls  of  the  arteries  during  the  intervals  of  the  heart's 
action  gives  rise  to  a  certain  amount  of  constant  pressure,  by  w-hich  the  blood  is  con- 
tinually forced  toward  the  capillaries.  The  discharge  of  blood  into  the  capillaries  has  a 
constant  tendency  to  diminish  this  pressure ;  but  the  contractions  of  the  left  ventricle, 
by  forcing  repeated  charges  of  blood  into  the  arteries,  have  a  compensating  action.  By 
the  equilibrium  between  these  two  agencies,  a  certain  degree  of  tension  is  maintained  in 
the  arteries,  which  is  called  the  arterial  pressure. 

The  first  experiments  with  regard  to  the  extent  of  the  arterial  pressure  were  made 
by  Hales,  an  English  physiologist,  more  than  a  himdred  years  ago.  This  observer, 
adapting  a  long  glass  tube  to  the  artery  of  a  living  animal,  ascertained  the  height  of  the 
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column  of  blood  which  could  be  sustained  by  the  arterial  pressure.    In  some  experiments 
on  the  carotid  of  the  horse,  the  blood  mounted  to  the  height  of  from  eight  to  ten  feet. 

All  experiments  on  the  arterial  pressure  are  made 
on  the  principle  of  the  experiment  of  Hales,  which, 
with  reference  simply  to  the  constant  pressure  in  the 
arteries,  is  as  useful  as  those  of  later  date  and  much 
more  striking.    The  only  inconvenience  is  in  the  ma- 
nipulation of  the  long  tube ;  but  this  may  be  avoided 
by  setting  it  in  a  strip  of  wood,  when  it  can  be  easily 
handled.  If  a  large  artery,  as  the  carotid,  be  exposed 
in  a  living  animal,  and  a  metallic  point,  connected 
with  a  vertical  tube  of  small  caliber  and  from  seven 
to  eight  feet  long  by  a  bit  of  elastic  tubing,  be  secured 
in  the  vessel,  the  blood  will  rise  to  the  height  of  about 
six  feet  and  remain  at  this  point  almost  stationary, 
indicating,  by  a  slight  pulsatile  movement,  the  action 
of  the  heart.    On  carefully  watching  the  level  in  the 
tube,  in  addition  to  the  rapid  oscillation  coincident 
with  the  pulse,  another  oscillation  will  be  observed, 
which  is  less  frequent  and  which  corresponds  with 
the  movements  of  respiration.   The  pressure,  as  indi- 
cated by  an  elevation  of  the  flnid,  is  slightly  increased 
during  expiration  and  diminished  during  inspiration.^ 
The  experiment  with  the  long  tube  gives  us  the 
best  general  idea  of  the  arterial  pressure,  which  will 
be  found  to  vary  between  five  and  a  half  and  six  feet 
of  blood,  or  a  few  inches  more  of  water.    The  oscil- 
lations produced  by  the  contractions  of  the  heart  are 
not  very  marked,  on  account  of  the  great  friction  in 
so  long  a  tube;  but  this  is  favorable  to  the  study  of 
the  constant  pressure.    It  has  been  found  that  the 

estimates  above  given  do  not  vary  very  much  in  ani-  i  .  v.+in 

mals  of  different  sizes.  Bernard  found  the  pressure  in  the  cai-otid  of  a  horse  but  Jittle 
more  than  in  the  dog  or  rabbit.  In  the  larger  animals,  it  is  the  force  of  the  heart  wincli 
is  increased,  and  not,  to  any  considerable  extent,  the  constant  pressure  m  the  vessels 

The  experiments  of  Hales  were  made  with  a  view  of  calculatmg  the  force  ot  the 
heart  and  were  not  directed  particularly  to  the  conditions  and  variations  of  the  arterial 
pressure.  It  is  only  since  the  experiments  performed  by  PoiseuiUe  with  the  hasmadyna- 
mometer,  in  1828,  that  we  have  any  reliable  data  on  this  latter  point.  Poisemlk  s 
instrument  for  measuring  the  force  of  the  blood  is  a  simple  graduated  U-tube,  half  filled 
with  mercury,  with  one  arm  bent  at  a  right  angle,  so  that  it  can  easily  be  connected  with 
the  artery.  The  pressure  of  the  blood  is  indicated  by  a  depression  m  the  level  ol  tlie 
mercury  on  one  side  and  a  corresponding  elevation  on  the  other.  This  instrument  is 
generally  considered  as  possessing  great  advantage  over  the  long  glass  tube;  but,  lor 
estimating  simply  the  arterial  pressure,  it  is  much  less  useful,  as  it  is  more  sensitive  to 
the  impulse  of  the  heart.  For  the  study  of  the  cardiac  pressure,  it  has  the  disadvantage 
in  the  first  place,  of  considerable  friction,  and,  again,  the  weight  of  the  column  oi 
mercury  produces  an  extent  of  oscillation  by  its  mere  impetus,  greater  than  that  whicli 
would  actually  represent  the  force  of  the  heart. 

An  important  improvement  in  the  hromadynamometer  was  made  by  Magendic.  This 
apparatus,  the  cardiometer,  in  which  Bernard  has  made  some  important  modifications,  is 

•  In  all  theso  exporimonts  on  tho  arterial  or  cardiac  proBsuro.  it  is  necessary  to  fill  part  of  t,,e  t>.l>c  or  whatever 
apparatus  we  may  tise,  with  a  solution  of  carbonate  of  soda,  in  order  to  prevent  coagulation  of  the  l,lood  as  It  paSBCS 
out  of  the  vessels. 


FiG.ii.—BcBmadynam.omeiei'  of  Poisemlle. 
modified  by  Ludwig,  Spenglei;  and 
Valentin. 

The  instrument  Is  connected  with  the  ves- 
sel V  V.  in  such  a  manner  that  the 
cu-culation  is  not  Interrupted.  The  ele- 
vation of  the  mercury  in  the  branch  B  C 
indicates  the  amount  of  pressure. 
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the  one  now  generally  used.  It  consists  of  a  small  but  thick  glass  bottle,  with  a  fine, 
graduated  glass  tube  about  twelve  inches  in  length,  communicating  with  it,  either  through 
the  stopper  or  by  an  orifice  in  the  side.  The  stopper  is  pierced  by  a  bent  tube  which  is 
to  be  connected  with  the  blood-vessel.  The  bottle  is  filled  with  mercury  so  that  it  will 
rise  in  the  tube  to  a  point  which  is  marked  zero.  It  is  evident  that  the  amount  of  press- 
ure on  the  mercury  in  the  bottle  will  be  indicated  by  an  elevation  in  the  graduated  tube; 
and,  moreover,  from  the  fineness  of  the  column  in  the  tube,  we-  avoid  some  of  the  in- 
conveniences which  are  due  to  the  weight  of  mercury  in  the  hromadynamometer,  and  we 
also  have  less  friction.  This  instrument  is  appropriately  called  the  cardiometer,  as  it  in- 
dicates most  accurately,  by  the  extreme  elevation  of  the  mercury,  the  force  of  the  heart; 


Fig.  25  (A). — Section  of  the  cardiometer  oflfagendie, 
as  modified  by  Bernard. 

A  strong  glass  bottle  is  perforated  at  each  side  and  fitted 
with  an  iron  tube,  with  an  opening,  T,  by  which  the 
mercury  enters.  One  end  of  the  iron  tube  is  closed, 
and  the  other  is  bent  upward  and  connected  ^ith 
the  graduated  glass  tube  T',  which  has  a  caliber  of 
from  to  J-  of  an  inch.  The  bottle  is  filled  with 
mercury  until  it  rises  to  n'  in  the  tube  which  is 
marked  zero.  The  cork  is  perforated  by  the  tube  i, 
which  is  connected  by  a  rubber  tube  mth  the  point 
C,  wliich  is  introduced  into  the  vessel. 


25  (B). — Compensating  instrument  of  Marty. 


but  it  is  not  as  perfect  in  its  indications  of  the  mean  arterial  pressure,  for,  in  the  abrupt 
descent  of  the  mercury  during  the  diastole  of  the  heart,  the  impetus  causes  the  level  to 
fall  considerably  below  the  real  standard  of  tlie  constant  pressure.  Marey  has  succeeded 
in  correcting  this  diflSculty  in  what  he  calls  the  "  compensating  "  instrument,  which  is 
constructed  on  the  following  principle :  Instead  of  a  simple  glass  tube  which  communi- 
cates with  the  mercury  in  the  bottle,  as  in  Magendie's  cardiometer,  he  has  two  tubes, 
one  of  which  is  like  the  one  already  described  and  represents  oscillations  produced  by 
the  heart,  while  the  other  is  larger,  and  has,  at  the  lower  part,  a  constriction  of  the 
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caliber,  which  is  here  reduced  to  capillary  fineness.  The  latter  tube  is  designed  to  give  the 
mean  arterial  pressure ;  the  constricted  portion  ofiering  such  an  obstacle  to  the  rise  of 
the  mercury  that  the  intermittent  action  of  the  lieart  is  not  felt,  the  mercury  rising  slowly 
to  a  certain  level,  which  is  constant  and  varies  only  with  the  constant  pressure  in  the 
vessels. 

"We  have  only  an  approximative  idea  of  the  average  pressure  in  the  arterial  system  in 
the  human  subject,  deduced  from  experiments  on  animals.  It  has  already  been  stated  to 
be  equal  to  about  six  feet  of  water  or  six  inches  of  mercury. 

The  most  interesting  questions  connected  with  the  subject  of  the  arterial  press- 
ure are  the  comparative  pressure  in  different  parts  of  the  arterial  system,  the  conditions 
which  modify  the  arterial  pressure,  and  its  influence  on  the  pulse.  These  points  have  all 
been  pretty  fully  investigated  by  experiments  on  animals  and  observations  on  systems  of 
elastic  tubes  arranged  to  represent  the  blood-vessels. 

Pressure  in  Different  Parts  of  the  Arterial  System  — The  experiments  of  Hales,  Poi- 
seuille,  Bernard,  and  others,  seem  to  show  that  the  constant  arterial  pressure  does  not 
vary  in  arteries  of  different  sizes.  These  physiologists  have  experimented  particularly 
on  the  carotid  and  crural,  and  have  found  the  pressure  in  these  two  vessels  about  the 
same.  From  their  experiments  they  conclude  that  the  force  is  equal  in  all  parts  of  the 
arterial  system.  The  experiments  of  Volkmann,  however,  have  shown  that  this  conclu- 
sion has  been  too  hasty.  With  the  registering  apparatus  of  Ludwig,  he  has  taken  the 
pressure  in  the  carotid  and  the  metatarsal  arteries  and  has  always  found  a  considerable 
difi'erence  in  favor  of  the  former.  In  an  experiment  on  a  dog,  he  found  the  pressure  equal 
to  one  hundred  and  seventy-two  millimeters  in  the  carotid,  and  one  hundred  and  sixty- 
five  in  the  metatarsal.  In  an  experiment  on  a  calf,  the  pressure  was  one  hundred  and 
sixteen  mm.  in  the  carotid,  and  eighty -nine  mm.  in  the  metatarsal;  and  in  a  rabbit, 
ninety-one  mm.  in  the  carotid,  and  eighty-six  mm.  in  the  crural.  These  experiments  show 
that  the  pressure  is  not  absolutely  the  same  in  all  parts  of  the  arterial  system,  that  it  is 
greatest  in  the  arteries  nearest  the  heart,  and  that  it  gradually  diminishes  as  we  near  the 
capillaries.  The  difference  is  very  slight,  almost  inappreciable,  until  we  come  to  vessels  of 
very  small  size ;  but  here  the  pressure  is  directly  infiuenced  by  the  discharge  of  blood  into 
the  capillaries.  The  cause  of  this  diminution  of  pressure  in  the  smallest  vessels  is  the  prox- 
imity of  the  great  outlet  of  the  arteries,  the  capillary  system ;  for,  as  we  shall  see  farther 
on,  the  flow  into  the  capillaries  has  a  constant  tendency  to  diminish  the  pressure  in  the 
arteries.  It  is  obvious  that  this  .influence  can  only  be  felt  in  a  very  marked  degree  in  the 
vessels  of  smallest  size. 

Influence  of  Respiration. — It  is  easy  to  see,  in  studying  the  arterial  pressure  with  any 
of  the  instruments  we  have  described,  that  there  is  a  marked  increase  with  expiration 
and  a  diminution  with  inspiration.  The  fact  that  expiration  will  increase  the  force  of  the 
jet  of  blood  from  a  divided  artery  has  long  been  observed  and  accords  perfectly  with  the 
above  statement.  In  tranquil  respiration,  the  influence  upon  the  flow  of  blood  is  due 
.simply  to  the  mechanical  action  of  the  thorax.  With  every  inspiration,  the  air-cells  are 
enlarged,  as  well  as  the  blood-vessels  of  the  lungs,  the  air  rushes  in  through  the  trachea, 
and  the  movement  of  the  blood  in  the  veins  near  the  chest  is  accelerated.  At  the  same 
time,  the  blood  in  the  arteries  is  somewhat  retarded  in  its  flow  from  the  thorax,  or  at  least 
does  not  feel  the  expulsive  influence  which  follows  with  the  act  of  expiration.  The  arterial 
pressure  at  that  time  is  at  its  minimum.  With  the  expiratory  act,  the  air  is  expelled  by 
compression  of  the  lungs,  the  flow  of  blood  into  the  thorax  by  the  veins  is  retarded  to  a 
certain  extent,  while  the  flow  of  blood  into  the  arteries  is  favored.  This  is  strikingly 
exhibited  in  the  augmented  force,  with  expiration,  in  the  jet  from  a  divided  artery. 
Under  these  circumstances  the  arterial  pressure  is  at  its  maximum.  In  perfectly  tranquil 
respiration,  the  changes  due  to  inspiration  and  expiration  are  slight,  presenting  a  differ- 
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ence  of  not  more  than  half  an  inch  to  an  inch  in  the  cardiometer.    When  the  respiratory 
movements  arc  exaggerated,  tlie  oscillations  are  very  much  more  marlced. 

Interruption  of  respiration  is  followed  hy  a  very  great  increase  in  tl)e  arterial  press- 
ure. This  is  due,  not  to  causes  within  the  chest,  but  to  obstruction  to  the  circulation  in 
the  capillaries.  Wo  are  already  aware  of  tlie  influence  which  the  flow  of  blood  into  the 
capillaries  is  constantly  exerting  upon  the  arterial  pressure.  This  tendency  to  dimini.sh 
the  quantity  of  blood  in  the  arteries,  and  consequently  the  pressure,  is  constantly  coun- 
teracted by  the  blood  sent  into  the  arteries  by  the  contractions  of  the  heart.  With  an  in- 
terruption of  tlie  respiratory  function,  the  non-aerated  blood  passes  into  the  arteries  but 
cannot  flow  readily  through  the  capiUaries ;  and,  as  a  consequence,  tlic  arteries  are  abnor- 
mally distended  and  the  pressure  is  greatly  increased.  If  respiration  be  permanently 
arrested,  the  arterial  pressure  becomes,  after  a  time,  diminished  below  the  normal 
standard,  and  is  finally  abolished,  on  account  of  the  stoppage  of  the  action  of  the  heart. 
If  respiration  bo  resumed  before  the  heart  has  become  arrested,  the  pressure  soon  returns 
to  its  normal  condition. 

Muscular  eflfort  considerably  increases  the  arterial  pressure.  This  is  due  to  two  causes. 
In  the  first  place,  the  chest  is  generally  compressed,  favoring  the  flow  of  blood  into  the 
Treat  vessels.  In  the  second  place,  muscular  exertion  produces  a  certain  amount  of  ob- 
struction to  the  discharge  of  blood  from  the  arteries  into  the  capillaries.  Numerous 
experiments  upon  animals  have  shown  a  great  increase  in  pressure  in  the  struggles  which 
occur  during  severe  operations.  It  has  been  shown  that  galvanization  of  the  sympa- 
thetic in  the  neck  and  irritation  of  certain  of  the  cerebro-spinal  nerves  increase  the  arterial 
pressure,  probably  from  an  influence  on  the  muscular  coats  of  some  of  the  arteries,  caus- 
ing them  to  contract  and  thereby  diminishmg  the  total  capacity  of  the  arterial  system. 

EfecU  of  EoemorrMge.-DimmnWon  in  the  quantity  of  blood  has  a  remarkable  ef- 
fect upon  the  arterial  pressure.  If,  in  connecting  the  instrument  with  the  artenes,  we 
allow  even  one  or  two  jets  of  blood  to  escape,  the  pressure  will  be  found  dimimshed  per- 
haps one-half,  or  even  more.  It  is  hardly  necessary  to  discuss  the  mechamsm  of  the  efi-ect 
of  the  loss  of  blood  on  the  tension  of  the  vessels,  but  it  is  wonderful  how  soon  the  press- 
ure in  the  arteries  regains  its  normal  standard  after  it  has  been  lowered  by  hemorrhage 
As  the  pressure  depends  largely  upon  the  quantity  of  blood,  as  soon  as  the  vessels  absorb 
the  serosities  in  suflicient  quantity  to  repair  the  loss,  the  pressure  is  mcreased.  Tins 
takes  place  in  a  very  short  time,  if  the  loss  of  blood  be  not  too  great. 

Experiments  on  the  arterial  pressure  witli  the  cardiometer  have  verified  the  fact 
stated  in  treating  of  the  form  of  the  pulse ;  namely,  that  the  pressure  in  the  vessels  bears 
an  inverse  ratio  to  the  distention  produced  by  the  contractions  of  the  heart.  In  the  car- 
diometer, the  mean  height  of  the  mercury  indicates  the  constant,  or  arteria  pressure ; 
and  the  oscillations,  the  distention  produced  by  the  heart.  It  ^^J^^^jf*^^*  ^^^^jj^^^ 
pressure  is  great,  the  extent  of  oscillation  is  small,  and  vice  .ersa.  ^^l^^l^^^^^l'^^^^ 
thit  the  researches  of  Marey  demonstrated  that  an  mcrease  of  the  artei  al  pressure 
SmiMshes  t  ramplitude  of  the  pulsations,  as  indicated  by  the  sphygmograph,  and  that 
Jr  ampl  ude  is  very  great  when  the  pressure  is  slight.  It  is  also  true,  as  a  genera  ru  e 
That  the  force  of  the  heart,  as  indicated  by  the  cardiometer,  bears  an  mverse  ratio  to  the 
frequency  of  its  pulsations. 

Depressor  Ner.e  of  tU  Cirnaatior^-mtlnn  the  last  few  years,  -  j^^^^^^^^^ 
has  bei  made  by  Oyon  and  Ludwig,  of  a  nerve  arising  in  the  rabbit       -°  7°;;' 
from  the  main  trunk  of  the  pneumogastric     V  \   /'^  tXTeart  ^ 

nerve,  which  joins  the  spupathetic  filaments  in  the  chest  and  passe  to  ^  "^^^  j  - 
nerve  has  a  reflex  action,  as  was  shown  by  the  «^P^""^^^l^, 

reducing  the  arterial  pressure  by  one-third  or  one-ha  f.  ^^^V^^^^tt  the  arterial 
reflex,  for,  when  the  nerve  is  divided,  galvanization  of  the  central  end  affects  the  arterial 
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pressure,  while  no  such  result  follows  stimulation  of  the  peripheral  extremity  ;  and  the 
effect  is  manifested  when  the  pneuraogastrics  have  been  divided  and  no  direct  nervous 
iuflueuce  is  exerted  over  the  heart.  It  is  thought  that  the  reduction  in  the  arterial  press- 
ure following  galvanization  of  the  so-called  depressor  nerves  is  mainly  duo  to  the  action 
of  the  splanchnic  nerves,  by  which  the  abdominal  vessels  become  largely  dilated.  If  the 
abdomen  be  opened  and  one  or  more  of  the  splanchnic  nerves  be  divided,  the  arterial 
pressure  is  immediately  diminished,  and  the  pressure  is  restored  if  the  divided  ends  of 
the  nerves  be  galvanized.  If,  after  division  of  the  splanchnic  nerves  and  the  conse- 
quent diminution  of  the  arterial  pressure,  the  depressor  nerves  be  galvanized,  the  press- 
ure still  undergoes  some  additional  diminution,  but  this  is  much  less  than  the  diminution 
which  follows  galvanization  of  the  depressor  nerves  without  section  of  the  splanchnic. 
The  action  of  these  nerves  wiU  be  more  fully  considered  in  connection  with  the  physiology 
of  the  nervous  system. 

Rapidity  of  the  Current  of  Blood  in  the  Arteries. — The  question  of  the  rapidity  of 
the  arterial  circulation  has  long  engaged  the  attention  of  physiologists;  but  the  experi- 
ments of  Volkmann,  with  his  hcemadrometer,  and  of  Yierordt,  with  a  peculiar  instru- 
ment which  he  devised  for  the  purpose,  did  not  lead  to  results  that  were  entirely 
satisfactory. 

The  best  instrument  for  measuring  the  rapidity  of  the  circulation  in  the  arteries  was 
devised  by  Ohauveau,  of  the  Veterinary  School  at  Lyons.  This  will  give,  by  calculation, 
the  actual  rapidity  of  the  circulation  ;  and,  what  is  more  interesting,  it  marks  accurately 
the  rapid  variations  in  velocity  which  occur  at  difi'erent  periods  of  the  heart's  action. 

The  instrument  to  be  applied  to  the  carotid  of  the  horse  consists  of  a  thin  brass  tube, 
about  an  inch  and  a  half  in  length  and  of  the  diameter  of  the  artery  (about  three-eighths 
of  an  inch),  which  is  pi-ovided  with  an 
oblong,  longitudinal  opening,  or  window, 
near  the  middle,  about  two  lines  long  and 
one  line  wide.  A  piece  of  thin  vulcan- 
ized rubber  is  wound  around  the  tube 
and  firmly  tied  so  as  to  cover  this  open- 
ing. Through  a  transverse  slit  in  the 
rubber,  is  introduced  a  very  light  metallic 
needle,  an  inch  and  a  half  in  length  and 
flattened  at  its  lower  part.  This  is  made 
to  project  about  half-way  into  the  caliber 
of  the  tube.  A  flat,  semicircular  piece 
of  metal,  divided  into  an  arbitrary  scale, 
is  attached  to  the  tube,  to  indicate  the 
deviations  of  the  point  of  the  needle. 

The  apparatus  is  introduced  carefully 
into  the  carotid  of  a  horse,  by  making  a 
slit  in  the  vessel,  introducing  first  one 
end  of  the  tube  directed  toward  the 
heart,  then  allowing  a  little  blood  to 
enter  the  instrument,  so  as  to  expel  the 
air,  and,  when  full,  introducing  the  other 
end,  securing  the  whole  by  ligatures  above 
and  below. 

When  the  circulation  is  arrested,  the  needle  should  be  vertical,  or  mark  zero  on  the 
scale.  When  the  flow  is  established,  a  deviation  of  the  needle  occurs,  which  varies  in 
extent  with  the  rapidity  of  the  current.  Having  removed  all  pressure  from  the  vessel  so 
as  to  allow  the  current  to  resume  its  normal  character,  the  deviations  of  the  needle  are 
carefully  noted,  as  they  occur  with  the  systole  of  the  heart,  with  the  diastole,  etc.  After 


Fia.  Zd.—  CKaumau's  instrument  for  measunng  the  ra- 
pidity of  the  flow  of  blood  in  the  arteries. 
The  instrument  viewed  in  face— a,  the  tube  to  be  fixed 
In  the  vessel ;  6,  the  dial  which  marUs  the  extent  of 
movement  of  the  needle  d  ;  e,  a  lateral  tube  for  the  at- 
tachment of  a  cardiometer,  if  desired. 
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withdrawing  tlio  instrument,  it  is  applied  to  a  tube  of  the  size  of  the  artery,  in  which  a 
current  of  water  is  made  to  pass  with  a  rapidity  whicli  will  produce  the  same  devia- 
tions as  occurred  when  the  instrument  was  connected  with  the  blood-vessel.  The  ra- 
pidity of  the  current  in  this  tube  may  be  easily  calculated  by  receiving  the  fluid  in  a 
graduated  vessel  and  noting  the  time  occupied  in  discharging  a  given  quantity.  By  this 
means  we  ascertain  the  rapidity  of  the  current  of  blood.  This  instrument  is  on  the  same 
principle  as  the  one  constructed  by  Yierordt,  but  in  sensitiveness  and  accuracy  it  is  much 
superior.  In  the  hands  of  Chauveau,  the  results,  particularly  those  with  regard  to  varia- 
tions in  the  rapidity  of  the  current,  are  very  interesting. 

Rapidity  of  the  Current  in  the  Carotid.— li  has  been  found  that  three  currents,  with 
diflferent  degrees  of  rapidity,  may  be  distinguished  in  the  carotid  : 

1  At  each  ventricular  systole,  we  have,  as  the  average  of  the  experiments  of  Chau- 
veau the  blood  moving  in  the  carotids  at  the  rate  of  20^*^  inches  per  second.  After  this 
the  rapidity  quickly  diminishes,  the  needle  returning  quite  or  nearly  to  zero,  which  would 
indicate  complete  arrest.  . 

2  Immediately  succeeding  the  ventricular  systole,  we  have  a  second  impulse  given  to 
the  blood,  which  is  synchronous  with  the  closure  of  the  semilunar  valves,  the  blood  mov- 
ing at  the  rate  of       inches  per  second.    Chauveau  calls  this  the  dicrotic  impulse. 

3  After  tlie  dicrotic  impulse,  the  rapidity  of  the  current  gradually  dimimshes,  until 
just  before  the  systole  of  the  heart,  when  the  needle  is  nearly  at  zero.  The  average  rate, 
after  the  dicrotic  impulse,  is  5t\  inches  per  second.  _ 

The  above  experiments  give  us,  for  the  first  time,  correct  notions  of  the  rapidity  and 
variations  in  the  flow  of  blood  in  the  larger  vessels;  and  it  is  seen  that  they  correspond 
in  a  remarkable  degree  with  the  experiments  of  Marey  on  the  form  of  the  pulse.  Marey 
showed  that  there  is  a  marked  oscillation  of  the  blood  in  the  vessels,  due  to  a  reaction 
of  their  elastic  walls,  following  the  first  violent  distention  by  the  heart ;  that,  at  the  t>me 
of  closure  of  the  semilunar  valves,  the  arteries  experience  a  second,  or  dicrotic  distent  on 
much  less  than  the  first ;  and,  following  this,  there  is  a  gradual  decline  m  the  distention 
unm  the  minimum  is  reached.  Chauveau  shows  by  experiments  with  his  ins  rumen 
that  corresponding  to  the  first  dilatation  of  the  vessels,  the  blood  moves  with  great 
^ap  dity  flowing  this,  the  current  suddenly  becomes  nearly  arrested ;  this  is  followed  by  a 
secrnd  Acceleration  in  the  current,  less  than  the  first ;  and,  followmg  this,  we  have  a 
gradual  decline  in  the  rapidity  up  to  the  time  of  the  next  pulsation 

Rapidity  in  Different  Parts  of  the  Arterial  System.-Fvorn  the  fact  ^^^^^J 
svstem  increases  in  capacity  as  we  recede  from  the  heart,  we  should  expect  to  find  a  cor- 
Ltondrg  dim  nuti  J  in  ihe  rapidity  of  the  flow  of  blood.    There  are  however,  many 
rrmSoes,  aside  from  simple' increase  in  the  capacity  of  the         ^  J^^^^^ 
the  blood-current  and  render  inexact  any  calculations  made  upon  purely  Pl^^f f  ^  ^• 
Such  are  the  tension  of  the  blood,  the  conditions  of  contraction  or  i.laxatm^^^^^^ 
smallest  arteries,  etc.  _  It  is  necessary,  therefore  to  "^^^^^^^^^^ 
to  arrive  at  any  definite  results  on  this  point.    The  experiments  o^J^ 
great  difference  in  the  rapidity  of  the  current  in  the  carotid  -^^^''^'^'^fj^^^^ 

advanced  with  regard  to  the  gradual  conversion  by  ^i^^^ ^''^^^^^^     arteries,  a 

of  the  impulse  of  the  heart  into,  first,  a  remittent,  and,  in  the  very  smaiies 

^X'eTptdTtyirhrilow  in  any  artery  must  be  subject  to  constant  modifications  due 
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to  the  coBdition  of  the  arterioles  which  are  supplied  by  it.  When  these  little  vessels  are 
^lld  th^artery  of  course  empties  itself  with  greater  facility,  and  the  rap^d.ty  is  m- 
c  eased  Thus  tho  rapidity  bears  a  relation  to  the  arterial  pressure ;  as,  mdependently  of 
n  Snntion  hx  the  entire  quantity  of  the  circulating  fluid,  vanations  m  the  pressure 
a  diminn  on  in  i  ^^^^^  ^^^^  the  capillaries. 

iTood  exampl  0  eX^^^^  of  the  capillaries  of  a  particular  part  is  in  mast.cation, 
thenlie  sSy  glands  are  brought  into  activity  and  the  quantity  of  blood  tl;-^ 
eteTv  i  Tr  atTy  increased.  Chauveau  found  an  immense  increase  m  the  rapidity  of  the 
Zrin  hTcarotid  of  a  horse  during  mastication.  The  enlargement  ot  the  vessels 
!f  IheVands  durin<^  their  function  has  been  conclusively  proven  by  the  experiments  ot 
Bernard  I  mus"  be  remembered  that,  in  all  parts  of  the  arterial  system  the  rapidity 
!f  the  current  of  blood  is  constantly  liable  to  increase  from  dilatation  of  the  smaU  ves- 
sels  and  to  diminution  from  their  contraction. 

Circulation  of  the  Mood  in  the  Capillaries. 
Before  entering  upon  the  study  of  the  capillary  circulation,  we  should  define  what  we 
mean  by  the  capillary  vessels  as  distinguished  from  the  smallest  arteries  and  vems.  From 
a  strictly  physiological  point  of  view,  the  capillaries  are  to  be  regarded  as  commencmg 


82 


CIRCULATION  OF  THE  BLOOD. 


at  the  point  where  the  blood  is  brought  near  enougli  to  the  tissues  to  enable  them  to  sep- 
arate the  elements  necessary  for  their  regeneration  and  to  give  up  the  products  of  their 
physiological  decay.  With  our  present  knowledge,  it  is  impossible  to  assign  any  limit 
where  the  vessels  cease  to  be  simple  carriers  of  blood ;  and  it  does  not  seem  probable  that 
it  will  ever  be  known  to  what  part  of  the  vascular  system  the  processes  of  nutrition  are 
exclusively  confined.  The  divisions  of  the  blood-vessels  must  be,  to  a  certain  extent, 
arbitrarily  defined ;  and  we  should  feel  at  liberty  to  adopt  the  views  of  any  reliable  ob- 
server with  regard  to  the  kind  of  vessels  which  are  to  be  considered  as  capillaries.  The 
most  simple,  and  what  seems  to  be  the  most  physiological  view,  is  to  regard  as  capillaries 
those  vessels  which  have  but  a  single  tunic ;  for,  in  these,  the  blood  is  brought  in  closest 
proximity  to  the  tissues.  Vessels  which  are  provided,  in  addition,  with  a  muscular  or 
with  muscular  and  fibrous  coats  are  to  be  regarded  eitlier  ns  small  arteries  or  as  venous 
radicles.  This  view  is  favored  by  the  character  of  the  currents  of  blood  as  seen  in 
microscopical  observation  of  the  circulation  in  transparent  parts.  Here  an  impulse  is 
observed  with  each  contraction  of  the  heart,  until  we  come  to  vessels  which  have  but 
one  coat  and  are  so  narrow  as  to  allow  the  passage  of  but  a  single  line  of  blood- 
corpuscles. 

Physiological  Anatomy  of  the  Capillaries.— li  the  arteries  be  followed  out  to  their 
minutest  ramifications,  they  will  be  found  progressively  diminishing  in  size  as  they  branch, 
and  their  coats,  especially  the  muscular,  becoming  thinner  and  thinner,  until  at  last  they 
present  an  internal  structureless  coat,  lined  by  epithelium  with  oval,  longitudinal  nuclei, 
a  middle  coat,  formed  of  but  a  single  layer  of  circular  muscular  fibres,  and  an  external 
coat,  composed  of  a  very  tliin  layer  of  longitudinal  fibres  of  the  white  inelastic  tissue. 
These  vessels  are  from  to  ^  of  an  inch  in  diameter.  They  become  smaller  as  they 
branch,  and  undoubtedly  possess  the  property  of  contractility,  which  is  particularly 
marked  in  the  arterial  system.  Following  the  course  of  the  vessels,  when  they  are  re- 
duced in  size  to  about  of  an  inch,  the  external  fibrous  coat  is  lost,  and  the  vessel  then 
presents  only  the  internal  coat  and  a  single  layer  of  muscular  fibres.  These  become  smaller 
as  they  branch,  finaUy  lose  the  muscular  coat,  and  have  then  but  a  smgle  tunic.  These 
last  we  shall  consider  as  the  true  capillary  vessels. 

The  minute  structure  of  the  capillary  vessels  is  of  considerable  importance  and 
interest  and  has  been  very  closely  investigated  within  the  last  few  years.  It  was  for- 
merly thought  that  the  smallest  vessels,  which  we  describe  as  the  true  capiUanes,  were 
composed  of  a  single,  homogeneous  membrane,  from  to  ^  of  an  inch  thick,  with 

nuclei  embedded  in  its  substance,  but  not  provided  with  an  epithelial  Iming.  Kecent 
observations,  however,  have  shown  that  the  membrane  is  homogeneous,  elastic,  perhaps 
contractile,  and,  in  some  parts  at  least,  is  provided  with  fusiform  or  polygonal  epithehum 
of  excessive  tenuity.  The  borders  of  the  epithelial  cells  may  be  seen  by  staming  the  v-es- 
sels  with  nitrate  of  silver.  In  the  smallest  capillaries,  the  cells  are  narrow  and  elongated 
or  fusiform ;  and  in  the  larger  vessels,  they  are  more  polygonal,  with  very  irregular  borders 
The  nuclei  which  have  been  observed  in  the  waUs  of  the  vessels  belong  to  this  layer  of 
epithelium.  By  the  same  process  of  staining  with  nitrate  of  silver,  we  frequently  observe 
irregular,  non-nucleated  areas ;  and  it  has  been  supposed  by  some  that  these  indicate  the 
presence  of  stomata,  or  orifices  in  the  walls  of  the  vessels.  This  latter  point,  however, 
Cs  ::rbeen  definit;iy  determined.  It  cannot  at  present  be  stated  jK^sitively  whether  or 
not  orifices  normally  exist  in  the  walls  of  the  blood-vessels.  Most  °f  /^"^^^^^^^^^ 
points  we  have  just  mentioned  have  been  developed  by  observations  upon  the  vessels  of 

*^'Th?  diameter  of  the  capillaries  is  generally  as  small  as,  or  it  may  be  Bmaljer  than 
that  of  the  blood-corpuscles;  so  that  these  bodies  always  move  m  a  single  line  aru 
must  become  defonnei  in  passing  through  the  smallest  vessels  recovenng  the^r  na^  la 
shape,  however,  when  they  pass  into  vessels  of  larger  size.    The  capillaries  are  smallest 
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in  the  no.-vou8  and  muscular  tissue,  retina,  and  patches  of  Peyer,  where  they  have  a  di- 
ameter of  from  to  „W  of  an  inch.  In  the  mucous  layer  o  the  skm  and  m  the 
mucous  membranes,  they  are  from  „W  to  oi  an  mch  m  diameter.     They  are 

largest  in  the  glands  and  bones,  where  they  are  from  W^nr  to^^rW  o  an  mch  m  diam- 
eter These  measurements  indicate  the  size  of  the  vessels  and  not  their  caliber.  Tak- 
ing out  the  thickness  of  their  walls,  it  is  only  the  very  largest  of  them  that  will  admit  of 
the  passage  of  a  blood-disk  without  a  change  in  its  form. 


Fig.  28.—SmaU  artery  and  capillaries,  from,  the  muacular  coats  of  the  nrinary  hladderof  thefrog;  magnified 

400  diameters.   (.From  a  photograph  taken  at  the  United  States  Army  Medical  Museum.) 
This  preparation  shows  the  epltheUum  of  the  vessels.   It  is  injected  with  nitrate  of  silver,  stained  with  carmine,  and 

mounted  in  Canada  balsam. 


Unlike  the  arteries,  which  grow  smaller  as  they  branch,  and  the  veins,  which  he- 
come  larger,  as  we  follow  the  course  of  the  blood,  by  union  with  each  other,  the  capil- 
laries form  a  true  plexus  of  vessels  of  nearly  uniform  diameter,  branching  and  inosculat- 
ing in  every  direction  and  distributing  blood  to  the  parts  as  their  physiological  necessi- 
ties demand.  This  mode  of  inosculation  is  peculiar  to  these  vessels,  and  the  plexus  is  rich 
in  the  tissues,  as  a  general  rule,  in  proportion  to  the  activity  of  their  nutrition.  Al- 
though their  arrangement  presents  certain  differences  in  different  organs,  the  capillary 
vessels  have  everywhere  the  same  general  characteristics,  the  most  prominent  of  which 
are  uniform  diameter  and  absence  of  any  positive  direction.  The  net-work  thus  formed  is 
very  rich  in  the  substance  of  the  glands  and  in  the  organs  of  absorption ;  but  the  vessels 
are  only  distended  with  blood  during  the  physiological  activity  of  these  parts.  In  the 
lungs,  the  meshes  are  particularly  close.  In  other  parts,  the  vessels  are  not  so  abundant, 
presenting  great  variations  in  different  tissues.  In  the  muscles  and  nerves,  in  which  nu- 
trition is  very  active,  the  supply  is  much  more  abundant  than  in  other  parts,  like  fibro- 
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serous  membranes,  tendons,  etc.  In  none  of  the  tissues  do  we  find  capillaries  penetrat- 
ing the  anatomical  elements,  as  the  ultimate  muscular  or  nervous  fibres.  Some  tissues 
receive  no  blood,  at  least  they  contain  no  vessels  which  are  capable  of  carrying  red 
blood,  and  are  nourished  by  imbibition  of  the  nutrient  plasma  of  the  circulating  fluid. 
Examples  of  these,  which  are  called  extra-vascular  tissues,  are  cartilage,  nails,  and 
hair. 

The  foregoing  anatotnical  sketch  gives  an  idea  of  how  near  the  blood  is  brought  to 
the  tissues  in  the  capillary  system,  and  how,  once  conveyed  there  .by  the  arteries,  and  the 
supply  regulated  by  the  action  of  the  muscular  coat  of  the  smaller  vessels,  the  blood  is 
distributed  for  the  purposes  of  nutrition,  secretion,  absorption,  exhalation,  or  whatever 
function  the  part  has  to  perform.  This  will  bo  still  more  apparent  when  we  come  to 
consider  the  course  of  the  blood  in  the  capillaries  and  the  immense  capacity  of  this  sys- 
tem, as  compared  with  the  arteries  or  veins. 

The  capacity  of  the  capillary  system  is  immense.  It  is  only  necessary  to  consider 
the  great  vascularity  of  the  skin,  mucous  membranes,  or  muscles,  to  realize  this  fact. 
In  injections  of  these  parts,  it  seems,  on  microscopical  examination,  as  though  they  con- 
tained nothing  but  capillaries.  In  preparations  of  this  kind,  the  elastic  and  yielding 
coats  of  the  capillaries  are  distended  to  their  utmost  limit.  Under  some  circumstances, 
in  health,  they  are  largely  distended  with  blood,  as  the  mucous  lining  of  the  alimentary 
canal  during  digestion,  the  whole  surface  presenting  a  vivid-red  color,  indicating  the 
great  richness  of  the  capillary  plexus.  Various  estimates  of  the  capacity  of  the  capil- 
lary, as  compared  with  the  arterial  system,  have  been  made,  but  they  are  simply  approxi- 
mative, and  there  seems  to  he  no  means  by  which  an  estimate,  with  any  pretensions  to 
accuracy,  can  be  formed.  The  various  estimates  which  are  given  are  founded  upon  cal- 
culations from  microscopical  examinations  of  the  rapidity  of  the  capillary  circulation  as 
compared  with  the  circulation  in  the  arteries.  In  this  way,  it  has  been  estimated  tlmt 
the  entire  capacity  of  the  capillary  system  is  from  five  hundred  to  eight  hundred  times 
that  of  the  arterial  system.  It  must  be  evident  to  any  one  who  has  witnessed  the  capU- 
lary  circulation  under  tlie  microscope,  that  the  conditions  under  which  the  animal  under 
exammation  is  placed  are  liable  to  interfere  with  the  current  of  blood ;  and  the  periodi- 
cal congestion  of  certain  parts,  the  fugitive  flushes  of  the  skin,  the  condition  of  the 
smallest  arteries  induced  by  changes  of  temperature,  exercise,  etc.,  make  it  evident  that 
the  current  of  blood  is  liable  to  great  variations.  It  is  impossible  to  strictly  apply  to 
the  capillary  circulation  in  the  various  parts  of  the  human  subject  observations  on  the 
wing  of  a  bat  or  the  mesentery  of  a  cat.  We  must  consider,  then,  these  estimates  as 
mere  suppositions,  and  they  are  given  for  what  they  are  worth. 

Phenomena  of  the  Capillary  Circulation.— The  most  convenient  situation  for  the 
practical  study  of  the  capillary  circulation  is  the  tongue  or  the  web  of  the  frog.  Here 
may  be  studied,  not  only  the  movement  of  the  blood  in  the  true  capillaries  but  the  cir- 
culation in  the  smallest  arteries  and  veins,  the  variations  in  cahber  of  these  vessels, 
especially  the  arterioles,  by  the  action  of  their  muscular  tunic,  and,  indeed,  the_  action 
of  vessels  of  considerable  size.  This  has  been  a  most  valuable  means  of  studying  the 
circulation  in  the  capillaries  as  contrasted  with  the  flow  in  the  smaU  arteries  and  veins,  and 
the  only  one,  indeed,  which  could  give  us  any  definite  idea  of  the  action  of  these  vessels. 

The  magnificent  spectacle  of  the  capillary  circulation  was  first  observed  by  Malpighi, 
in  the  lungs,  and  afterward  by  Leeuwenhoek,  Spallanzani,  Hauler,  Cowper,  others, 
in  other  parts.  We  see  the  great  arterial  rivers,  in  which  the  blood  flows  with  wonde  - 
ful  rapidity,  branching  and  subdividing,  until  the  circulating  fluid  is  l^i;ojight  to  the  net- 
work of  fine  capillaries,  where  the  corpuscles  dart  along  one  by  one.  The  blood  is  then 
collected  by  the  veins  and  carried  in  great  currents  to  the  heart.  This  ^^^l^l^'t'o;' 
the  student  of  Nature,  is  of  inexpressible  grandeur;  and  our  admiration  is  not  dimin- 
ished when  we  come  to  study  the  phenomena  in  detail.    We  find  here  a  subject  as  inter- 
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esting  as  was  the  action  of  the  heart  when  first  seen  by  Harvey,  involving  some  of  the 
most  important  phenomena  of  the  circulation.  It  can  be  seen  how  the  arterioles  regu- 
late the  supply  of  blood  to  the  tissues ;  how  the  blood  distributes  itself  by  the  capilla- 
ries ;  and,  finally,  having  performed  its  office,  how  it  is  collected  and  carried  off  by  the 
veins.' 


Fig.  29.—  Web  of  the  frog's  hind-foot ;  magnified.  CWagner.) 
a,  ff,  veins ;  6,  &,  6,  arteries. 

In  studying  the  circulation  under  the  microscope,  the  anatomical  division  of  the 
blood  into  corpuscles  and  a  clear  plasma  is  observed.  This  is  peculiarly  evident  in  cold- 
blooded animals,  the  corpuscles  being  comparatively  large  and  floating  in  a  plasma 
which  forms  a  distinct  layer  next  the  walls  of  the  vessel.  The  leucocytes,  which  are 
much  fewer  than  the  red  corpuscles,  are  generally  found  in  the  layer  of  plasma. 


Fig.  W— Circulation  in  the  web  of  the  frog's  foot.  (Wagnor.) 
The  black  spots,  some  of  them  star-shaped,  are  pigmentary  matter,   a,  a  venous  truiilc,  composed  of  three  principal 
branches  (b,  b,  b),  and  covered  with  a  plexus  of  smaller  vessels  (c,  c). 

'  Various  methods  of  preparing  the  animal  for  examination  have  been  employed.  The  one  v/o  have  found  most 
convenient,  In  examining  the  circulation  In  the  frog,  Is  to  broals  up  the  medulla  with  a  needle,  an  operation  which 
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In  vessels  of  considerable  size,  as  well  as  in  some  capillaries,  tlic  corpuscles,  occupy- 
ing the  central  portion,  move  with  much  greater  rapidity  tliaii  tlic  rest  of  the  blood, 
leaving  a  layer  of  clear  plasma  at  the  sides,  which  is  nearly  motionless.  Tliis  curious 
phenomenon  is  in  obedience  to  a  physical  law  regulating  the  passage  of  liquids  througli 
capillary  tubes  for  which  they  have  an  attraction,  such  as  exists,  for  example,  between 
the  blood  and  the  vessels.  In  tubes  reduced  to  a  diameter  approximating  that  of  the 
capillaries,  the  attractive  force  exerted  by  their  walls  upon  a  liquid,  causing  it  to  enter 
tlie  tube  to  a  certain  distance,  called  capillary  attraction,  becomes  an  obstacle  to  the  pas- 
sage of  fluid  in  obedience  to  pressure.    Of  course,  as  the  diameter  of  the  tube  is  re- 


FiG.  Sl-Small  artery  and  capillaries  from  tU  lunj  of  a  frog  ':Z':<'XsZ.T"'''''''-  '  P'^"'"^"'"' 

J  -'taken  at  the  United  States  Army  Medical  Museum.) 

duced,  this  force  becomes  relatively  increased,  for  a  larger  proportion  of  the  liquid  con- 
tents is  brought  in  contact  with  it.  When  we  come  to  the  smallest  arteries  and  ve.ns, 
and  still  more  the  capillaries,  the  capillary  attraction  is  ^^^ffi-f"^^,'^™^^  f^^'J,^ 
tionless  liyer  called  the  "  still  layer  "  by  many  physiologists,  and  the  hqmd  moves  only 
J  te  cenS  portion.  The  plasma  occupies  the  position  next  the  wahs  of  the  vessels, 
for  it  is  this  portion  of  the  blood  which  is  capable  ot  "  wetting    the  tubes.    The  trans 

doesnotinterferewiththedrenIation,andtoattacMhe„n.ma,bypinstoat^^^^^^^ 

an  oHflce  in  the  cork,  to  allow  the  passage  of  I  circulation  m.y 

then  mo  stened  with  water  and  covered  with  thin  tiass,  aim,     i-i    (,  ,„„„..i„„  „ir  hv  a  lliraturo  passed 

he  studied  for  iiours.  By  gently  inflating  the  ^"^^^^^^^^^^^  i->a«on  Srst^udied. 
around  the  larynx  beneath  the  raucous  membrane,  and  opening  the  chtst^  tuc  p mmon   j  • 

The  eireulatiou  may  bo  exarained  in  the  t-^J;^^^^^^^^^^^^^  it  with  pins. 

upon  the  frog-plate,  opening  the  ahdomen,  and  drawing  out  the  membrane ;  but  it  is  not  aeon  so 
ly  as  in  the  tongue  or  web  of  the  frog. 
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parent  layer  was  observed  by  Malpigbi,  Hallor,  and  all  vvho  have  described  the  capillary 
circulation.  Poiseuille  recognized  its  true  relation  to  the  blood-current  and  explamed 
Z  phenomenon  of  the  still  layer  by  physical  laws,  wlncli  had  been  previously  estab- 
bsLd  with  egard  to  the  flow  of  liquids  in  tubes  of  the  d.ameter  of  from  one-twen^^y- 
lifth  to  one- eighth  of  an  inch,  but  which  he  had  succeeded  m  applymg  to  tubes  of  the 

'''7^fd%Z'iJsIle' occasionally  becomes  involved  in  the  still  layer,  when  it  moves 
slowly  turning  over  and  over,  or  even  remains  stationary  for  a  time,  until  it  is  taken  up 
again  and  can-ied  along  with  the  central  current.  A  few  white  corpuscles  are  con- 
stantly seen  in  this  layer.  They  move  along  slowly  and  apparently  have  a  tendency  to 
adhere  to  the  walls  of  the  vessel.  This  is  due  to  the  adhesive  character  of  the  surface  of 
the  white  corpuscles  as  compared  with  the  red,  which  can  easily  be  observed  m  examin- 
ing a  drop  of  blood  between  glass  surfaces,  the  red  corpuscles  movmg  about  with  great 
facility,  while  the  white  have  a  tendency  to  adhere. 

Great  differences  exist  in  the  character  of  the  flow  of  blood  in  the  three  varieties  of 
vessels  which  are  under  observation.  In  the  arterioles,  which  may  be  distinguished  from 
the  capillaries  by  their  size  and  the  presence  of  the  muscular  and  fibrous  coats,  the  move- 
ment is  distinctly  remittent,  even  in  their  most  minute  ramifications.  The  blood  moves 
in  them  with  much  greater  rapidity  than  in  either  the  capillaries  or  veins.  They  become 
smaUer  as  they  branch,  and  carry  the  blood  always  in  the  direction  of  the  capillaries. 
The  veins,  which  are  relatively  larger  than  the  arteries,  carry  the  blood  more  slowly 
and  in  a  continuous  stream  from  the  capillaries  toward  the  heart.  In  both  the  arteries 
and  veins,  the  current  is  frequently  so  rapid  that  the  form  of  the  corpuscles  cannot  be 
distinguished.  Only  a  portion  of  the  white  corpuscles  occupy  the  still  layer,  the  rest 
being  carried  on  in  the  central  current. 

The  circulation  in  the  true  capillaries  is  sui  generis.  Here  the  blood  is  distributed  in 
every  direction,  in  vessels  of  nearly  uniform  diameter.  The  vessels  are  generally  so  small 
as  to  admit  but  a  single  row  of  corpuscles,  which  move  almost  like  beings  endowed  with 
volition.  In  a  single  vessel,  a  line  of  corpuscles  may  be  seen  moving  in  one  direction  at 
one  moment,  a  few  moments  after,  taking  a  directly  opposite  course.  Spallanzani, 
in  one  of  his  observations,  describes  the  following  phenomenon :  Two  single  rows  of 
corpuscles,  passing  in  two  capillary  vessels  of  equal  size,  were  directed  toward  a  third 
capillary  vessel,  formed  by  the  union  of  the  two  others,  which  would  itself  admit  but  a 
single  corpuscle.  The  corpuscles  in  one  of  these  vessels  seemed  to  hold  back  until  those 
from  the  other  had  passed  in,  when  they  followed  in  their  turn.  "When  the  circulation  is 
normal,  the  movement  in  the  capillaries  is  always  quite  slow  as  compared  with  the  move- 
ment in  the  arterioles,  and  is  continuous.  Here,  at  last,  the  intermittent  impulse  of  the 
heart  is  lost.  The  corpuscles  do  not  necessarily  circulate  in  all  the  capillaries  which  are 
in  the  field  of  view.  Certain  vessels  may  not  receive  a  corpuscle  for  some  time,  but,  after 
a  while,  one  or  two  corpuscles  become  engaged  in  them  and  a  current  is  finally  established. 

Many  interesting  little  points  may  be  noticed  in  examining  the  circulation  for  a  sufii- 
cient  length  of  time.  A  corpuscle  is  frequently  seen  caught  at  the  angle  where  a  vessel 
divides  into  two,  remaining  fixed  for  a  time,  distorted  and  bent  by  the  force  of  the  cur- 
rent. It  soon  becomes  released,  and,  as  it  enters  the  vessel,  it  regains  its  original  form. 
In  some  of  the  vessels  of  smallest  size,  the  corpuscles  are  slightly  deformed  as  they  pass 
through.  The  scene  is  changed  with  every  different  part  which  is  examined.  In  the 
tongue,  in  addition  to  the  arterioles  and  venules  with  the  rich  net-work  of  capillaries, 
dark-bordered  nerve-fibres,  striated  muscular  fibres,  and  pavement-epithelium  can  be 
distinguished.  In  the  lungs,  the  view  is  very  beautiful.  Large,  polygonal  air-cells  are 
observed,  bounded  by  capillary  vessels,  in  which  the  corpuscles  move  with  extreme 
rapidity.  It  has  been  observed  that  the  larger  vessels  are  crowded  to  their  utmost  capa- 
city with  corpuscles,  leaving  no  still  layer  next  the  walls,  such  as  is  seen  in  the  circula- 
tion in  other  situations. 
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When  the  ch-culation  has  been  for  a  long  time  under  observation,  as  the  animal 
becomes  enfeebled,  very  interesting  changes  in  the  character  of  the  flow  of  blood  take 
place.  The  continuous  stream  in  the  smallest  vessels  diminishes  in  rapidity,  and,  after  a 
time,  when  the  contractions  of  the  heart  have  become  infrequent  and  feeble,  the  blood 
is  nearly  arrested,  even  in  the  smallest  capillaries,  during  the  intervals  of  the  heart's 
action,  and  the  current  becomes  remittent.  As  the  central  organ  becomes  more  and 
more  enfeebled,  the  circulation  becomes  intermittent,  and  the  blood  receives  an  impulse 
from  each  contraction,  remaining  stationary  during  tlie  intervals.  At  this  time,  the  cor- 
puscles cease  to  occupy  exclusively  the  central  portion  of  the  vessels,  and  the  clear  layer 


Fig.  Z'i.-Portion  of  the  lung  of  a  live  triion,  drawn  under  Vie  microscope  and  magnified  150  diam^Ure. 

(Wagner.) 

of  plasma  next  their  walls,  which  was  observed  in  the  normal  circulation,  is  no  longer 
apparent.  Following  this,  there  is  an  actual  oscillation  in  the  capillaries.  At  each  con- 
traction of  the  heart,  the  blood  is  forced  onward  a  little  distance,  but  it  almost  immediately 
returns  to  about  its  former  position.  This  phenomenon  has  long  been  observed  and  is 
explained  in  the  following  way:  As  the  heart  has  become  enfeebled,  the  contractions 
are  so  infrequent  and  inefltectual,  that,  during  their  intervals,  the  constant  flow  in  the 
capillaries  is  entirely  arrested  ;  for  the  arterial  pressure,  which  is  its  immediate  cause 
and  which  is  maintained  by  the  successive  charges  of  blood  sent  into  the  arteries  at  each 
ventricular  systole,  is  lost.  But,  as  the  blood  is  contained  in  a  connected  system  of  closed 
tubes,  the  feeble  impulse  of  the  heart  is  propagated  through  the  vessels  and  produces  a 
slight  impulse,  even  in  the  smallest  capillaries,  which  dilates  them  and  forces  the  fluid  a 
little  distance.  As  soon,  however,  as  the  heart  ceases  to  contract,  the  current  is  arrested 
and  the  blood,  meeting  with  a  certain  amount  of  obstruction  from  the  fluid  in  the  smaU 
veins,  which  are  still  farther  removed  from  the  heart,  is  made  to  return  to  its  former 
position.  This  phenomenon  continues  for  a  short  time  only,  for  the  heart  soon  loses  its 
contractility,  and  the  circulation  in  all  the  vessels  is  permanently  arrested. 

Rapidity  of  the  Capillary  CircwZa«w«.-The  circulation  in  the  capillaries  of  a  part 
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is  subject  to  such  great  variations,  and  tlie  differences  in  different  situations  are  so  con- 
siderable, that  it  is  impossible  to  give  any  definite  rate  which  will  represent  the  general 
rapidity  of  the  capillary  circulation.  It  is  for  this  reason  that  it  has  been  found  imprac- 
ticable to  estimate  the  capacity  of  the  capillary  as  compared  with  the  arterial  system. 
The  rapidity  of  the  flow  of  blood  is  by  no  means  so  great  as  it  appears  in  microscopical 
examinations,  being,  of  course,  exaggerated  in  proportion  to  the  magnifying  power 
employed.  It  is,  nevertheless,  to  microscopical  investigations  that  we  are  indebted  for 
the  scanty  information  we  possess  on  this  subject.  The  estimates  which  have  been  made 
by  various  observers  refer  generally  to  cold-blooded  animals  and  have  been  arrived  at  by 
simply  calculating  the  time  occupied  by  a  blood-corpuscle  in  passing  over  a  certain  dis- 
tance. Hales,  who  was  the  first  to  investigate  this  question,  estimated  that,  in  the  frog, 
a  corpuscle  moved  at  the  rate  of  an  inch  in  ninety  seconds.  The  estimates  of  Weber  and 
Valentin  are  considerably  higher,  being  about  one-fiftieth  of  an  inch  per  second.  Volk- 
mann  calculated  the  rapidity  in  the  mesentery  of  the  dog,  which  would  approximate 
more  nearly  to  the  human  subject,  and  found  it  to  be  about  one-thirtieth  of  an  inch 
per  second.  Vierordt  made  a  number  of  curious  observations  upon  himself,  by  which 
he  professed  to  be  able  to  estimate  the  rapidity  of  the  circulation  in  the  little  vessels  of 
the  eye.  He  states  that  when  the  eye  is  fatigued,  and  sometimes  when  the  nervous 
system  is  disordered,  compression  of  the  globe  in  a  certain  way  will  enable  one  to  see 
a  cm-rent  like  that  in  a  capillary  plexus.  This  he  believed  to  be  the  capillary  circula- 
tion, and,  by  certain  calculations,  he  formed  an  estimate  of  its  rapidity,  putting  it  at  from 
one-fortieth  to  one-twenty-eighth  of  an  inch  per  second.  The  latter  figure  accords  pretty 
nearly  with  the  observations  of  Volkmann  upon  the  dog.  How  far  these  observations 
are  to  be  relied  upon,  it  is  impossible  to  say.  Certainly  no  great  importance  would  be 
attached  to  them  if  they  did  not,  in  their  results,  approximate  to  the  estimates  of  Volk- 
mann, which  probably  represent,  more  nearly  than  any,  the  rapidity  of  the  current  in 
the  capillaries  of  the  human  subject.  After  what  has  been  said  of  the  variations  in  the 
capillary  circulation,  it  is  evident  that  the  foregoing  estimates  are  by  no  means  to  be 
considered  exact. 

Relations  of  the  Capillary  Circulation  to  Respiration. — In  treating  of  the  influence 
of  respiration  upon  the  action  of  the  heart,  the  arterial  pressure,  pulse,  etc.,  it  has  already 
been  stated  that  non-aerated  blood  cannot  circulate  freely  in  the  capillaries.  Various 
ideas  with  regard  to  the  effects  of  asphyxia  upon  the  circulation  have  been  advanced, 
which  will  be  again  discussed  in  connection  with  respiration.  The  fact  is  evident  that 
arrest  of  respiration  produces  arrest  of  circulation.  This  is  ordinarily  attributed  to  an 
impediment  to  the  passage  of  blood  through  the  lungs  when  they  no  longer  contain  the 
proper  quantity  of  oxygen.  This  view  is  entirely  theoretical  and  has  been  disproved  by 
experiments  dating  more  than  half  a  century  ago.  In  1789,  Goodwyn  advanced  the 
theory  that,  in  asphyxia,  the  blood  passes  through  the  lungs  but  is  incapable  of  exciting 
contractions  in  the  left  ventricle.  Bichat,  in  his  celebrated  essay  "  Sur  la  vie  et  la  mort,-^ 
1805,  proved  by  experiment  that  black  blood  passes  through  the  lungs  in  asphyxia  and  is 
found  in  the  arteries.  His  theory  was  that  non-aerated  blood,  circulating  in  the  capilla- 
ries of  the  nervous  centres,  arrests  their  function,  thus  acting  indirectly  upon  the  circu- 
lation; and  that  finally  the  heart  itself  is  paralyzed  by  the  circulation  of  black  blood  in 
its  substance. 

The  immediate  effects  of  asphyxia  upon  the  circulation  are  referable  to  the  general 
capillary  system.  This  fact  we  demonstrated  conclusively  by  experiments  upon  the  frog, 
published  in  1857.  In  these  experiments,  the  medulla  oblongata  was  broken  up,  and  the 
web  of  the  foot  was  submitted  to  microscopical  examination.  This  operation  does  not  in- 
terfere with  the  circulation,  which  may  be  observed  for  hours  without  difiiculty.  The  cu- 
taneous surface  was  then  coated  with  collodion,  care  only  being  taken  to  avoid  the  web 
under  observation.    The  effect  on  the  circulation  was  immediate.    It  instantly  became  less 
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rapid,  until,  at  the  expiration  of  twenty  minutes,  it  l.ad  entirely  ceased.    Th«  ^ti''^ 
coating  of  collodion  was  then  instantly  peeled  off.    Quite  a  rap.d  --•^^^^^^  ""^^^^^^^^^ 
commenced,  but  it  soon  began  to  decline  and  in  '-'^^'y^'^'^'^f'^Y^^^^ 
another  obs;rvation,  the  coating  of  collodion  was  apphed 

The  circulation  was  affected  in  the  same  manner  as  before  and  ceased  m  twenty-five 
m inu  s  These  experiments,  taken  in  connection  with  observations  on  the  influence  ot 
asphyx  a  upon  the  arterial  pressure,  conclusively  show  that  non-aerated  blood  canno 
drcuk  e  ieely  in  the  systemic  capillaries.  Venous  blood,  however,  can  be  forced 
Zugi  the"  with  a  syringe,  and,  even  in  asphyxia,  it  slowly  filters  through.^  U  ^r  he 
admitid  to  the  lungs  before  the  heart  has  lost  its  contractility,  the  circulation  is  restored. 
No  differences  in  tlfe  capillary  circulation  have  been  noticed  accompanying  the  ordinary 
acts  of  inspiration  and  expiration. 

Causes  of  the  Capillary  GirculaUon.-'^he  contractions  of  the  left  ventricle  are  evi- 
dently cZable  of  giving  an  impulse  to  the  blood  in  the  smallest  arterioles;  for  a  marked 
cSiS  If  the'cur I'nt  accLpanying  each  systole  can  he  distingm.i^^^^  in  a  hut  the 
true  capillaries    It  has  also  been  shown  by  experiments  after  death  that  blood  can  be 
capmary  system  and  returned    ^^^^^I'/^XT ^^^^^^^^ 

:-^iij^trs:s:s^tr'rx^^^ 

h  ood  could  be  made  to-  pass  through  the  double  capillary  ^  f^^^^^  ^  ^Tein  in 
liver,  hy  a  pressure  of  three  and  a  J^^"^^^^^^^  -  tieT^ust 

a  full  jet  under  a  pressure  ^.^Jl^f^llJ^^'^'Z^^^^^^  ,e'ing  removed,  forced  the 

^plsurf,  which  £  e,ual  to  from  five  and  a  ™ -^^^  Z JL^d  toward  the 

It  is  thus  seen  that  the  ^^"^'^^^^^^^^ 
capillaries  is  competent,  unless  opposed  by  ^^^^^'^^  to  the  heart  by  the  veins, 

to  cause  the  blood  to  circulate  in  these  vessels,        «  Bichal  and  some 

This  fact  is  so  evident,  that  it  i^.-nnece^^^^     d  sc.^ss  th™« 

others,  who  -^ose^!t^Z^Zfi^  ^^^^  I  only  .ue'stions  to  he 
lation.    It  must  he  admitted  that  tins  is  its  pu  , 

considered  are,  first,  whether  there  he  any;-«^^°;7^^^  ^er^^^  force  in  these 

operate  on  the  blood  in  the  -P^^es  and  sec  nd  -^^^^^^^^  ^.^^^ 
vessels  which  is  superadded  to  the  action  '{'^'l^^^^^^^^^  impulse,  foUow- 

answered  by  microscopical  observations  on  ^^^^^fj^^^^^^^^  flows  from 

ing  each  ventricular  systole,  is  observed  -  ^^f^J.f^^.l  e  .lightest  ground  for 
them  directly  and  freely  into       ^^pillanes    and  theie  is  n  ^ 

the  supposition  that  the  force  is  ^"^  Propagated  to  ^^^^^ 
Various  writers  have  supposed  the  existence       J'J^^^^^^iii,^^^^  circulation.  The 
regarded  as  of  greater  or  less  importance  -/J  ^  ^^  fr  :  inion  on  microscopical 
ideas  of  some  are  purely  theoretical  but  "the  s  Da  ^  ^ 

observations.    These  views  do  not  demand  -  ..piHary  circula- 

operation,  the  action  of  the  heart,  which  is  -^ja^^e      ^   j       y        ^  ^^.^^ 
tion;  and  there  is  nothing  in  the  f  XlTtl  se\'— -      it  is  unphilosophical  to 
inconsistent  with  its  full  operation,         ^'/'^^f'       tubes  in  which  liquids  of.different 
invoke  the  aid  of  the  currents  P-^^-^l;:  "7  l^/o^J'  dependent  upon  a  so-called 
characters  are  brought  in  contact,  or  a    capi  <  y  i  ^        ^^^^^^^  ^.^  the  basis 

vital  nutritive  attraction  between  t^ie  tissues  ana  ^  ^^^^^  suppressed, 

of  phenomena  observed  in  the  ^ap^'^^ries  wli^n  the  a^^^^^^^^^         ^^^^^^.^^^^  ^^^^ 
When  the  heart  ceases  its  action,  movements  in  the  capuia 
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contractions  of  the  arteries,  a  property  which  has  already  been  fully  considered.  Move- 
ments which  have  been  observed  in  membranes  detached  from  the  body  are  due  to  the 
mere  emptying  of  the  divided  vessels  or  to  simple  gravitation.  It  must  be  remembered 
that,  in  microscopical  examinations,  the  movements  observed  are  immensely  exaggerated 
by  the  magnifying  power,  and  we  receive,  at  first  sight,  an  erroneous  impression  of  their 
rapidity.  The  movements  of  the  blood  in  detached  membranes,  duo  merely  to  gravitation, 
have  been  so  satisfactorily  explained  by  the  experiments  of  PoiseuiUe,  that  it  is  deemed 
unnecessary  to  refer  to  the  observations  of  those  who  have  attributed  this  phenomenon 
to  other  causes. 

Physiologists  who,  hke  Bichat,  have  been  unable  to  explain  the  local  variations  in  the 
capillary  circulation  without  the  intervention  of  a  force  resident  in  these  vessels  or  in  the 
surrounding  tissues,  have  not  appreciated  the  action  of  the  arterioles.  These  little  vessels 
are  endowed  to  an  eminent  degree  with  contractility  and,  by  the  contractions  and  relaxa- 
tions of  their  muscular  walls,  they  regulate  the  supply  of  blood  to  the  capillaries  of  in- 
dividual parts.  Their  action  is  competent  to  produce  all  the  variations  which  are  ob- 
served in  the  capillary  circulation. 

It  is  evident,  then,  that  the  arterial  pressure,  which  is  itself  derived  from  the  action 
of  the  heart,  is  competent  to  produce  the  circulation  of  the  blood,  as  we  observe  it,  with 
all  its  variations,  in  the  capillary  vessels ;  that  there  is  no  evidence  of  the  intervention  of 
any  other  force ;  but,  on  the  contrary,  microscopical  observations  and  experiments  on  the 
arteries  and  veins,  thus  far,  show  that  there  is  no  other  force  in  operation. 

It  has  been  asserted  that  there  is  a  circulation  of  the  blood  in  the  area  vasculosa,  the 
first  blood-vessels  that  are  developed,  before  the  heart  is  formed;  but  there  are  no  definite 
and  reliable  observations  which  show  that  there  is  any  regular  movement  of  the  blood, 
which  can  be  likened  to  the  circulation  as  it  is  observed  after  the  development  of  the 
heart,  anterior  to  the  appearance  of  a  contractile  central  organ.  Another  example  of 
what  is  supposed  to  be  circulation  without  the  intervention  of  the  heart  is  in  cases  of 
acardiac  foetuses.  Monsters  without  a  heart,  which  have  undergone  considerable  develop- 
ment and  which  present  systems  of  arteries,  capillaries,  and  veins,  have  been  described. 
All  of  these,  however,  are  accompanied  by  a  twin,  in  which  the  development  of  the  cir- 
culatory system  is  quite  or  nearly  perfect. 

Influence  of  Temperature  on  the  Capillary  Circulation. — "Within  moderate  limits,  a 
low  temperature,  induced  by  local  applications,  has  been  found  to  diminish  the  quantity 
of  blood  sent  to  the  capillaries  and  retard  the  circulation,  while  a  high  temperature 
increases  the  supply  of  blood  and  accelerates  its  current.  The  mechanism  of  this  is 
beautifully  shown  by  the  experiments  of  PoiseuiUe.  This  observer  found  that  when  a 
piece  of  ice  was  applied  to  the  web  of  a  frog's  foot,  the  mesentery  of  a  small  warm-blooded 
animal,  or  to  any  part  in  which  the  capillary  circulation  can  be  observed,  the  number  of 
corpuscles  circulating  in  the  arterioles  became  very  much  diminished,  "  those  which  car- 
ried two  or  three  rows  of  corpuscles  giving  passage  to  but  a  single  row."  The  circulation 
in  the  capillaries  first  became  slower  and  then  entirely  ceased  in  parts.  On  removing 
the  ice,  in  a  very  few  minutes  the  circulation  regained  its  former  characters.  If,  on  the 
other  hand,  the  part  be  covered  with  water  at  104°,rahr.,  the  rapidity  of  the  current  in 
the  capillaries  is  so  much  increased  that  we  can  hardly  distinguish  the  form  of  the  cor- 
puscles. 


Influence  of  Direct  Irritation  upon  the  Capillary  Circulation. — Experimental  re- 
searches on  the  effects  of  direct  irritation  of  the  capillaries,  in  parts  where  the  circulation 
can  be  observed  microscopically,  have  been  quite  numerous  since  Thompson  studied  the 
cfiecbs  of  saline  solutions  on  the  web  of  the  frog's  foot,  in  1813.  The  most  noticeable 
papers  on  this  subject  are  those  of  Dr.  Wilson  Philip  and  Mr.  Wharton  Jones.  The  latter 
paper,  which  received  the  Astley  Cooper  prize  for  1850,  is  based  on  very  extended  and 
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carefully-conductod  observationB,  in  which  the  author,  by  means  of  vanouB  irritants, 
succeeded  in  producing  very  curious  and  interesting  phenomena,  which  lie  regarded  as 
inflammatory.    It  is  not  our  object  to  discuss  the  nature  of  inflammation  or  to  treat  of  the 
changes  in  the  cliaracter  of  the  capillary  circulation  which  are  supposed  to  attend  this 
condition,  as  this  subject  is  entirely  pathological;  but  it  must  be  remembered,  m  con- 
sidering the  eflfects  of  direct  irritation  on  the  capillary  circulation,  that  the  phenomena 
thus  observed  in  cold-blooded  animals  cannot  be  taken  as  absolutely  representmg  the 
characters  of  inflammation  in  the  human  subject.    When  an  irritation  is  applied  to  a 
transparent  part,  the  phenomena  observed  may  be  due  to  many  causes,  as  the  direct 
effects  upon  the  contractile  elements  of  the  blood-vessels,  reflex  action  through  the 
nervous  system,  and  the  direct  influence  of  the  application  upon  the  constitution  of  the 
blood    Saline  or  other  fluids  are  competent  to  modify,  to  a  very  considerable  extent,  the 
composition  of  the  blood,  when  separated  from  it  only  by  the  thin,  permeable  walls  of  the 
vessels-  and  the  phenomena  which  follow  their  application  are  necessarily  very  complex. 
The  process  of  inflammation  is  by  no  means  completely  understood ;  but  it  is  pretty  gen- 
erally acknowledged  to  be  a  modification  of  nutrition.    We  are  hardly  prepared  to  admit 
that  this  modification,  whatever  it  may  be,  can  be  induced  under  our  very  eyes,  simply 
by  the  application  of  irritants.    With  these  views,  microscopical  researches  on  the    s  ate 
of  the  blood  and  blood-vessels  in  inflammation"  do  not  assume  the  importance  which  is 
attributed  to  them  by  many  authors.    Keeping  this  in  mind,  we  may  s  ate  the  following 
as  a  summary  of  the  phenomena  which  have  been  observed  in  the  capillary  circulation, 
as  the  result  of  irritation  applied  to  transparent  parts :  .         ^  . 

The  application  of  the  in-itant  is  immediately  foUowed  by  constriction  of  the  arterioles 
and  diminution  in  the  rapidity  of  the  current  in  them  as  weU  as  ^^^l^^^^^^^ 

This  constriction  of  the  vessels  is  but  momentary,  if  a  powerful  irritant,  like  a  very 
strong  solution  of  a  salt,  be  used.  It  is  followed  by  a  dilatation  of  the  vessels  and  an 
increase  in  the  rapidity  of  the  circulation.  p  fi,a  r.ivpnl<,tinn  becomes 

Soon  after  the  vessels  have  become  dilated,  the  rapidity  of  the  ''^f  f2cT^Sl 

„„,.esfi<,n.bly  is  congestion  of  the  Tessels ,  but  *^'"''^°^^^2Z  Z  '^^  to  be  more 
of  blood  in  tbe  p«-ls  a,  a  constant  occurrence  '  f-TZ^^^X^ mmM,  tbc 

active  tban  in  be.itb.    Witb  eXrJa'  tt uta  "^^^^^^^^  m.scnlar  ciat. ; 

rsraLttr:s:^;::b*i':xt^^^^ 
— sir^rrreri^bc^^^^^ 

due  to  an  osmotic  action  of  solutions  employed  m  the  expenments. 

7  .  ■      f,T..  Wnnil  in  the  Veins.-The  blood,  distributed  to  the  capillaries  of  all 
Circulation  of  the  Blood  in  ifie  yem«.  '  ^       the  veins  and 

the  tissues  and  organs  by  the  arteries,  is  collected  from  \  ob- 
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origin,  so  to  speak,  to  a  system  of  vessels,  which,  by  union  with  others  as  wo  follow  their 
course,  become  larger  and  larger,  and  carry  the  blood  away  in  a  uniform  current.  These 
are  called  the  venules,  or  venous  radicles.  They  are  the  peripheral  radicles  of  tho 
numerous  vessels  which  transport  the  blood,  after  it  has  served  the  purposes  of  nutrition 
or  secretion,  to  the  central  organ. 

The  venous  system  may  be  considered,  in  general  terms,  as  divided  into  two  sets  of 
vessels;  one,  which  is  deep-seated  and  situated  in  proximity  to  the  arteries,  and  the 


Fig.  88. —  Venotia  radicles,  rmiting  to  form  a  small  Dein,  from  the  muscular  coat  of  ffie  urinary  bladder  offfie 
frog;  magnified  400  diameters.   (From  a  photograph  taken  at  the  United  States  Army  Medical  Museum.) 
This  preparation  shows  the  epithelium  of  the  vessels.   It  is  injected  with  nitrate  of  silver,  stained  with  carmine, 

and  mounted  in  Canada  balsam. 

other,  which  is  superficial  and  receives  for  the  most  part  the  blood  from  the  cutaneous 
surface.  The  entire  capacity  of  these  vessels,  as  compared  with  that  of  the  arteries,  is 
very  great.  As  a  general  rule,  each  vein,  when  fully  distended,  is  larger  than  its  adjacent 
artery.  Many  arteries  are  accompanied  by  two  veins,  as  the  arteries  of  the  extremities ; 
while  certain  of  them,  like  the  brachial  or  spermatic,  have  more  than  two.  Added  to 
these  is  the  siiperficial  system  of  veins  which  have  n'o  corresponding  arteries.  It  is  true 
that  some  arteries  have  no  corresponding  veins,  but  examples  of  this  kind  are  not  suffi- 
ciently numerous  to  diminish,  in  any  marked  degree,  the  great  preponderance  of  the  veins, 
both  in  number  and  volume.  It  is  impossible  to  give  an  accurate  estimate  of  the  extreme 
capacity  of  the  veins  as  compared  with  the  arteries  ;  but,  from  the  best  information  we 
have,  it  is  several  times  greater.  Borelli  estimated  that  the  capacity  of  the  vein.s  was  to 
the  capacity  of  the  arteries,  as  4  to  1 ;  and  Haller,  as  2J  to  1.  The  proportion  is  very 
variable  in  different  parts  of  the  body.  In  some  situations  the  capacity  of  the  veins  and 
arteries  is  about  e<iual ;  while  in  others,  as  in  the  pia  mater,  the  veins  will  contain,  when 
fully  distended,  six  times  as  much  as  the  arteries. 
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In  attempting  to  compare  the  quantity  of  blood  normally  circulating  in  the  veins  with 
that  contained  in  the  arteries,  we  find  sucli  variations  in  the  venous  system  at  different 
times  and  in  difibrent  parts,  both  in  the  quantity  of  blood,  rapidity  of  circulation,  pressure, 
etc.,  that  a  definite  estimate  is  impossible.  It  would  be  unphilosophical  to  attempt  even 
an  approximate  comparison,  as  the  variations  in  the  venous  circulation  constitute  one  of 
its  greatest  and  most  important  physiological  peculiarities,  which  must  be  fully  appreciated 
in  order  to  form  a  just  idea  of  the  function  of  the  veins.  The  arteries  are  always  full, 
and  their  tension  is  subject  to  comparatively  slight  variations.  Following  the  blood  into 
the  capillaries,  we  observe  the  immense  modifications  in  the  circulation  with  varying  physi- 
ological conditions  of  the  parts,  to  which  we  have  already  referred.  As  would  naturally  be 
expected,  the  condition  of  the  veins  varies  with  the  changes  in  the  capillaries,  from  which 
the  blood  is  taken.  In  addition  to  this,  there  are  independent  variations,  as  in  the  erectile 
tissues,  in  the  veins  of  the  alimentary  canal  during  absorption,  in  veins  subject  to  press- 

"^^Followin"'  the  veins  in  their  course,  it  is  observed  that  anastomoses  with  each  other 
form  the  rule,  and  not  the  exception  as  in  the  arteries.    There  are  always  a  number  of 
channels  by  which  the  blood  may  be  returned  from  a  part;   and,  if  one  vessel  be 
obstructed  from  any  cause,  the  current  is  simply  diverted  into  another.    The  veins  do 
not  present  a  true  anastomosing  plexus,  such  as  exists  in  the  capillary  system,  but  simply 
an  arrangement  by  which  the  blood  can  readily  find  its  way  back  to  the  hear  ,  and  by 
which  the  vessels  may  accommodate  themselves  to  the  immense  variations  m  the  quan- 
tity of  their  fluid  contents.    This,  with  the  peculiar  valvular  arrangement  which  exists 
in  all  but  the  veins  of  the  cavities,  provides  against  obstruction  to  the  flow  of  blood 
through,  as  well  as  from  the  capillaries,  in  which  it  seems  essential  to  the  proper  nutri- 
tion and  function  of  parts  that  the  quantity  and  course  of  the  blood  should  be  regulated 
exclusively  through  the  arterial  system.    Special  allusion  to  the  different  venous  anas- 
tomoses belongs  to  descriptive  anatomy.   Physiologically,  the  communications  between  the 
different  veins  are  such  that  the  blood  can  always  find  a  way  to  the  heart  and  once 
fairly  out  of  the  capillaries,  it  cannot  react  and  infiuence  the  circulation  of  fi-esh  blood 

'oolSed'in  this  way  from  aU  parts  of  the  body,  the  blood  is  returned  to  the  right 
auricle,  from  the  head  and  upper  extremities  by  the  superior  vena  cava,  from  the  trunk 
and  lo;er  extremities,  by  tbe  inferior  vena  cava,  and  from  the  substance  of  the  heart,  by 
the  coronary  veins. 

StTucture  and  Properties  of  the  Veins.-Th^  structure  of  the  veins  is  somewhat  more 

Ihe  internal  coai  ol  u  o  .       jjjjpie,  homogeneous  membrane,  some- 

posed  ^I'^f  y  J^f^^^^^^^  l,;ers  are  intimately  adherent  and  are  qui^^a  closely 

circular  direction,     inese         iaj  onmnosed  of  connective-tissue 

attached  to  the  internal  coat.    The  l^n^^^^^^^^^^^^  This 
fibres  mingled  with  a  large  number  of  the  smallest  ^'^I'^y 
layer  contlins  a  large  number  of  ^^-^f-^^l^'^f^^ZlZ^^^^^ 
are  composed  of  elastic  tissue  some  of       A^J-  J  f/"  fenestrated  mem- 

S  -  ^^SS  SSrSIeSaSi^every  direction  and  mingled 
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with  capillary  blood-vessels,  and  the  unstriped  or  involuntary  muscular  fibres.  In  the 
human  subject,  in  the  veins  of  the  dura  and  pia  mater,  the  bones,  and  the  retina,  tiie 
vena  cava  descendens,  the  thoracic  portion  of  the  vena  cava  ascendens,  the  external  and 
internal  jugulars,  and  the  subclavian  vems,  there  are  no  muscular  fibres  in  the  middle  coat. 
In  the  larger  veins,  such  as  the  abdominal  vena  cava,  the  iliac,  crural,  popliteal,  mesen- 
teric, and  axillary  veins,  the  fibres  are  both  circular  and  transverse.  In  the  smaller 
veins,  the  fibres  are  circular. 

Tlie  external  coat  of  the  veins  is  composed  of  white  fibrous  tissue,  like  the  cor- 
responding coat  of  the  arteries.  In  the  largest  veins,  particularly  those  of  the  abdominal 
cavity,  this  coat  contains  a  layer  of  longitudinal  unstriped  muscular  fibres.  In  the  veins 
near  the  heart,  are  found  a  few  striated  fibres,  which  are  continued  on  to  the  veins  from 
the  auricles.  In  some  of  the  inferior  animals,  as  the  turtle,  these  fibres  are  quite  thick, 
and  pulsation  of  the  veins  in  the  immediate  vicinity  of  the  heart  is  very  marked.  In 
nearly  all  veins,  the  external  coat  is  several  times  thicker  than  the  internal.  This  is 
most  marked  in  the  larger  veins,  in  which  the  middle  coat,  particularly  the  layer  of 
muscular  fibres,  is  very  slightly  developed. 

In  what  are  called  the  venous  sinuses,  and  in  the  veins  which  pass  through  bony 
tissue,  we  have  only  the  internal  coat,  to  which  are  superadded  a  few  longitudinal  fibres, 
the  whole  being  closely  attached  to  the  surrounding  parts.  As  examples  of  this,  may  be 
mentioned  the  sinuses  of  the  dura  mater  and  the  veins  of  the  large  bones  of  the  skull. 
In  the  first  instance,  there  is  little  more  than  the  internal  coat  of  the  vein  firmly  attached 
to  the  surrounding  layers  of  the  dura  mater.  In  the  second  instance,  the  same  thin  mem- 
brane is  adherent  to  canals  formed  by  a  layer  of  compact  bony  tissue.  The  veins  are 
much  more  closely  adherent  to  the  surrounding  tissues  than  the  arteries,  particularly 
when  they  pass  between  layers  of  aponeurosis. 

The  above  peculiarities  in  the  anatomy  of  the  veins  indicate  considerable  difi'erences 
in  their  properties  as  compared  with  the  arteries.  When  a  vein  is  cut  across,  its  walls 
fall  together,  if  not  supported  by  adhesions  to  surrounding  tissues,  so  that  its  caliber  is 
nearly  or  quite  obliterated.  The  yellow  elastic  tissue,  which  gives  to  the  larger  arteries 
their  great  thickness,  is  very  scanty  in  the  veins,  and  the  thin  walls  collapse  when  not 
sustained  by  liquid  in  the  interior  of  the  vessels.  Whenever  the  veins  remain  open  after 
section,  it  is  on  account  of  their  attachment  to  surrounding  tissues  and  is  not  due  to 
the  rigidity  of  the  vessels  themselves. 

Although  with  much  thinner  and  apparently  weaker  walls,  the  veins,  as  a  rule,  will 
resist  a  greater  pressure  than  the  arteries.  Observations  on  the  relative  strength  of 
the  arteries  and  veins  were  made  by  Hales,  but  the  most  extended  experiments  on  the 
subject  were  made  by  Clifton  Wintringham,  in  1740.  The  latter  observer  ascertained 
that  the  inferior  vena  cava  of  a  sheep,  just  above  the  opening  of  the  renal  veins,  was  rup- 
tured by  a  pressure  of  one  hundred  and  seventy-six  pounds,  while  the  aorta,  at  a  corre- 
sponding point,  yielded  to  a  pressure  of  one  hundred  and  fifty-eight  pounds.  The 
strength  of  the  portal  vein  was  even  greater,  supporting  a  pressure  of  nearly  five  atmos- 
pheres, bearing  a  relation  to  the  vena  cava  of  six  to  five;  yet  these  vessels  had  hardly 
one-fifth  the  thickness  of  the  arteries.  In  the  lower  extremities  in  the  human  subject,  the 
veins  are  much  thicker  and  stronger  than  in  other' situations,  a  provision  against  the 
increased  pressure  to  which  they  are  habitually  subjected  in  the  upright  posture.  Win- 
tringham noticed  one  singular  exception  to  the  general  rule  just  given.  In  the  vessels  of 
the  glands  and  of  the  spleen,  the  strength  of  the  arteries  was  much  greater  than  that  of 
the  veins.  The  splenic  vein  gave  way  under  a  pressure  of  little  more  than  one  atmos- 
phere, while  the  artery  supported  a  pressure  of  more  than  six  atmospheres. 

A  little  reflection  on  the  influences  to  which  the  venous  and  arterial  circulation  are 
subject  will  enable  us  to  understand  the  physiological  importance  of  the  great  difference 
in  the  strength  of  the  two  varieties  of  vessels.  It  is  true  that  in  the  arterial  system  the 
constant  pressure  isgi-oater  than  in  the  veins;  but  it  is  nearly  the  same  throughout  the  ar- 
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terial  system,  and  the  immense  extent  of  tbe  outlet  into  the  capillary  system  provides 
against  any  ;ery  great  increase  in  pressure,  so  long  as  the  blood  is  in  a  condition  which 
enables  it  to  pass  fnto  the  capillaries.    The  muscular  fibres  of  the  lett  ventricle  have  but 
a  limited  power,  and  when  the  pressure  in  the  arteries  is  so  grea  ,  as  it         -es  is  m 
asphyxia,  as  to  close  the  aortic  valves  so  iirmly  that  the  force  of  the  ventricle  will  no* 
open  the;,it  cannot  be  increased.    At  the  same  time,  it  is bemg  gradually  rdiev^^^^  by  * 
canilhries  through  which  the  blood  slowly  filters,  even  when  completely  unae rated.  With 
Z  S  it  s  dilerent.    The  blood  has  a  comparatively  restricted  outlet  at  the  heart  and 
^recTved  i;  the  capillaries  t.om  all  paiW  the  system.    The  vessds  ^^^^ 
numerous  valves,  which  render  a  general  backward  action  impossible    Thus,  restr  c  ed 
poSs  of  the  venous  system,  from  pressure  in  the  vessels,  increase  of  fluid  from  absoip^ 
?°on  accuniulation  by  force  of  gravity,  and  other  causes,  may  be  subjected  o  great  and 
sudden  variations  in  pressure.    The  great  strength  of  these  vessels  enables  them  ordina- 
ry to  luffer  these  variations  without  injury;  although  varicose  veins  m  various  parts 
nresent  examples  of  the  effects  of  repeated  and  continued  distention. 

Th  veins  possess  a  considerable  degree  of  elasticity,  although  this  property  is  not  o 
marked  as  it  is  in  the  arteries.  If  we  include  between  two  Ij^f ^j;^^/^^;^ 
distended  with  blood  and  make  a  small  opening  in  the  vessel,  the  blood  will  be  ejected 
with  some  force,  and  the  vessel  becomes  very  much  reduced  in  caliber 

It  has  been  proven  by  direct  experiment  that  the  vems  are  ^^^^^^^ 
contractility  characteristic  of  the  action  of  the  unstriped  ^-^^^^^^^ „^ 
of  galvanic  or  mechanical  excitation,  they  contract  slowly  and  graduany  the  «onto^^^^^^^^ 

chiefly  from  the  sympathetic  system,  have  ^-n  demoastr^ed  hi  the  walls  of 
theCeT'veins  but  have  not  been  followed  out  to  the  smaller  ramifications. 

VaUes  of       I.....-The  «  of  ^^^^Z^'^^^ 
alluded  to  in  connection  with  the  history  of  the  discovery  m  Fabricius,  the 

undoubtedly  been  observed  in  various  P;f  f^J^^^X^i^^^^^^^^ 

greatest  anatomist  of  his  day,  had  the  good  fortune  to  ^^^^^J^J  ^^^  ^f^i  ^,,Hmportance. 

pupil,  Wilham  Harvey,  whoseimmortaldiscovery  mdica  d  the  i  physm^^^^^^^ 

ignorant  of  the  observations  of  his  V^^^^^^^^  ^ega^      n  all  parts  of  the 
nounced  himself  as  their  discoverer  and      generally  so  regardeQ.  v 
venous  system,  except,  m  general  terms  m  the  abdominal  '^^^^^Zlv^l^on^^  -^-^ 
there  exist  little  membranous,  semilunar         f^f^^^J  f^^^^f       toward  the  periph- 
of  the  heart.    When  distended,  the  convexities  of  tj  ese  valves 

ery.  In  the  great  majority  of  ^-tances,  «ie  vah^^  i^a" ofTe  hning  mUrane  of 
sionally  found  in  groups  of  three.    They  are  forme'l  i    p  ^  ^^^^^^  ^.^^  ^^^^^^^ 

the  veins,  with  fine  fibres  of  connective  ^Hch  renders  the  vessel 

ing  the  line  of  attachment  of  the  valvular  J^J^^^^^^^  the  valves.    The  valves 

much  stronger  and  less  dilatable  here  than  m  the  «P-«  .^^^^^^^^^^  They  are  generally 
are  by  far  the  most  numerous  m  the  veins  of  the  ^^^^^^To^^  of  larger  size,  so  that 
situated  just  below  the  point  where  a  Srong  direction, 

the  blood,  as  it  passes  in,  finds  an  superficial  veins.  If 

The  situation  of  the  valves  may  be  readily  f  reived  in  a^oy  ot  t     J        ^^^^  ^^^3^1 
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tion  of  the  blood-current,  a  portion  situated  between:  two  valves  may  be  emptied  of  blood ; 
but  it  is  impossible  to  empty  any  portion  of  the  vessel  by  pressing  the  blood  in  the  oppo- 
site direction.  On  slitting  open  a  vein,  we  observe  the  shape,  attachment,  and  extreme 
delicacy  of  structure  of  the  valves.  When  the  vessel  is  empty,  or  when  fluid  moves 
toward  the  heart,  they  are  closely  applied  to  the  walls ;  but  if  liquid  or  air  bo  forced  in  the 
opposite  direction,  they  project  into  its  caliber,  and,  by  the  apphcation  of  their  free  edges 
to  each  other,  oflectually  prevent  any  backward  current.  Fabricius  noted  the  followmg 
peculiarity  in  the  arrangement  of  the  valves :  When  closed,  the  application  of  their  free 
ed^'es  forms  a  line  which  runs  across  the  vessel;  it  is  found  that,  in  successive  sets  of 
vafves  these  lines  are  at  right  angles  to  each  other,  so  that  if,  in  one  set,  this  line  have  a 
direction  from  before  backward,  in  the  sets  above  and  below  the  lines  run  from  side  to 
sid.6 

There  are  certain  exceptions  to  the  general  proposition  that  the  veins  of  the  great 
cavities  are  not  provided  with  valves.  Valves  are  found  in  the  portal  system  of  some  ot 
the  inferior  animals,  as  the  horse.  They  do  not  exist,  however,  in  this  situation  m  the 
human  subject.  Generally,  in  foUowing  out  the  branches  of  the  inferior  vena  cava,  no 
valves  are  found  until  we  come  to  the  crural  vein;  but  occasionally  there  is  a  double 
valve  at  the  origin  of  the  external  iliac.  In  some  of  the  inferior  animals,  there  exists 
constantly  a  single  valvular  fold  in  the  vena  cava  at  the  openings  of  the  hepatic,  and  one 
at  the  opening  of  the  renal  vein.  This  is  not  constant  m  the  human  subject.  Yalves 
are  found  in  the  spermatic,  but  not  in  the  ovarian  veins.  A  single  valvular  fold  has 
been  described  at  the  opening  of  the  right  spermatic  into  the  vena  cava.  There  are 
•two  valves  in  the  azygos  vein  near  its  opening  into  the  superior  vena  cava.  Theie 
is  a  single  valve  at  the  orifice  of  the  coronary  vein.  There  are  no  valves  at  the 
openings'  of  the  brachio-cephalic  into  the  superior  vena  cava ;  but  there  is  a  f  ^ong  double 
valve  at  the  pomt  where  the  internal  jugular  opens  mto  the  brachio-cephahc^  Between 
this  point  and  the  capillaries  of  the  brain,  the  vessels  are  entirely  deprived  pf  valves, 
except  in  very  rare  instances,  when  one  or  two  are  found  in  the  course  of  the  jugular. 

In  aMit      to  the  double  or  more  rarely  triple  valves  which  have  just  been  described 
there  is  another  variety,  fouiid  in  certain  parts  at  the  Vorni  .^.ere  ^  t.M^.^-^^^^  open 
into  a  main  trunk.    Tins  consists  of  a  single  fold,  which  is        \  ^  ^o  *1  ^  ^^^^^^^ 
but  projects  into  the  larger.    Its  action  is  to  prevent  ^g^S'^'^^^'^;' ^^^^^^^^^^^ 
anismas  that  by  which  the  ileo-c^cal  valve  prevents  the  P^^^^f^^f  "j";; 

favor  its  flow  in  the  direction  of  the  heart. 

Course  of  tU  Bloo^  in       Veins.^e  -P—  ^^^^^  ^Ss^^lS 
that  defibrinated  blood  can  be  made  to  pass  from       ^  "^^^ri^  ^    tem,  and  the 

at  the  veins  by  a  pressure  less  than  of  i  t  nlllol  sho  ving  that 

observations  of  Magendie  upon  the 

ligation  of  the  artery  arixsts  the        ^  ^^^^^^^  ,,.e  estabhsLd,  beyond 

discussed  in  treating  of  the  causes  of  the  J«P;        J^^^^^^  ^^^eient  to  account  for 

question,  the  fact  that  ^^^^^^^^^^^  inLtinie  cause  of  all  movement 

the  venous  circulation,  j^^^^^g^iteiy^scer^  there  remain  to  consider,  m 

1':^  X  ..... -  " 

,  1  .     1  f;„„       flow  of  blood  in  the  veins  is  continuous.  The 

As  a  rule,  in  the  normal  circulation,  the  now  oi  uiuuu 
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intermittent  impulse  of  the  heart,  which  progressively  diminishes  as  we  recede  from  this 
organ  but  is  still  felt  oven  in  the  smallest  arteries,  is  lost,  as  we  have  seen,  in  the  capil- 
laries. Here,  for  the  first  time,  the  blood  moves  in  a  constant  current ;  and,  as  the  press- 
ure in  tlie  arteries  is  continually  supplying  fresh  blood,  that  which  has  circulated  in  the 
capillaries  is  forced  into  the  venous  radicles  in  a  steady  stream.  As  the  supply  to  the 
capillaries  of  different  parts  is  regulated  by  the  action  of  the  small  arteries,  and  as  this 
supply  is  subject  to  great  variations,  there  must  necessarily  be  corresponding  variations 
in  the  current  in  the  veins  and  in  the  quantity  of  blood  which  these  vessels  receive.  As  we 
should  anticipate,  then,  the  venous  circulation  is  subject  to  very  great  variations  arising 
from  irregularity  in  the  supply  of  blood,  aside  from  any  action  of  the  vessels  themselves 
or  any  external  disturbing  influences.  Great  variations  in  the  venous  current  are  observed 
in  the  veins  which  collect  the  blood  from  the  intestinal  canal.  During  the  intervals  of 
digestion,  these  vessels  carry  a  comparatively  small  quantity  of  blood  ;  but,  during  diges- 
tion, they  are  laden  with  the  fluids  received  by  absorption,  and  the  quantity  is  largely 
increased. 

It  often  happens  that  a  vein  becomes  obstructed  from  some  cause  which  is  entirely 
physiological,  as  the  action  of  muscles.  The  immense  number  of  veins,  as  compared  with 
the  arteries,  and  their  free  communications  with  each  other,  provide  that  the  current, 
under  these  circumstances,  is  simply  diverted,  passing  to  the  heart  by  another  channel. 
When  any  part  of  the  venous  system  is  distended,  the  vessels  react  on  the  blood  and  exert 
a  certain  influence  on  the  current,  always  pressing  it  toward  the  heart,  for  the  valves 
oppose  a  flow  in  the  opposite  du-ection. 

The  intermittent  action  of  the  heart,  which  pervades  the  whole  arterial  system,  is 
generally  absorbed,  as  it  were,  in  the  passage  of  the  blood  through  the  capillaries ;  but, 
when  the  arterioles  of  any  part  are  very  much  relaxed,  the  impulse  of  the  central  organ 
may  extend  to  the  veins.  Bernard  has  shown  this  in  the  most  striking  manner,  in  his 
well-known  experiments  on  the  circulation  in  the  glands.  When  the  glands  are  pouring 
out  their  secretions,  the  quantity  of  blood  which  they  receive  is  very  much  increased.  It 
is  then  furnished  to  supply  material  for  the  secretion,  and  not  exclusively  for  nutrition. 
If  the  vein  be  opened  at  such  a  time,  it  is  found  that  the  blood  has  not  lost  its  arterial 
character,  that  the  quantity  which  escapes  is  increased,  and  that  the  flow  is  in  an  inter- 
mittent jet,  as  from  a  divided  artery.  This  is  due  to  the  relaxed  condition  of  the  arteri- 
oles of  the  part,  and  the  phenomenon  thus  observed  constitutes  the  true  venous  pulse. 
What  thus  occurs  in  a  restricted  portion  of  the  circulatory  system  may  take  place  in  all 
the  veins,  though  in  a  less  marked  degree.  Physicians  have  frequently  noticed,  after  the 
blood  has  been  flowing  for  some  time  in  the  operation  of  venesection,  that  the  color 
changes  from  black  to  red,  and  the  stream  becomes  intermittent,  often  leading  the 
operator  to  fear  that  he  has  pricked  the  artery.  In  all  probability,  this  is  due  to 
the  relaxation  of  the  arterioles  as  one  of  the  eff"ects  of  abstraction  of  blood,  producing 
the  same  condition  that  has  been  noted  in  some  of  the  glands  during  their  functional 
activity.  The  hypothesis  that  it  is  due  to  an  impulse  from  the  adjacent  artery  is  not  ad- 
missible. Except  in  the  veins  near  the  heart,  any  pulsation  which  occurs  is  to  be  attrib- 
uted to  the  force  of  the  heart,  transnaitted  with  unusual  facility  through  the  capillary 
system.  A  nearly  uniform  current,  however,  is  the  cule,  and  a  marked  pulsation,  the 
rare  exception. 

Pressure  of  Blood  in  the  Veins. — The  pressure  in  the  veins  is  always  much  less  than 
in  the  arteries.  It  is  exceedingly  variable  in  different  parts  of  the  venous  system  and  in 
the  same  part  at  different  times.  As  a  rule,  it  is  in  inverse  ratio  to  the  arterial  pressure. 
Whatever  favors  the  passage  of  blood  from  the  arteries  into  the  capillaries  has  a  tendency 
to  diminish  the  arterial  pressure,  and,  as  it  increases  the  quantity  of  blood  which  passes 
into  tlie  veins,  must  increase  the  venous  pressure.  The  great  capacity  of  the  venous  sys- 
tem, its  numerous  anastomoses,  the  presence  of  valves  which  may  shut  ofl:'  a  portion  from 
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the  rest,  are  circumstances  which  involve  great  variations  in  pressure  in  different  vessels. 
It  has  been  ascertained  that,  as  a  rule,  the  pressure  is  diminished  as  we  pass  from  the 
periphery  toward  the  heart.  In  an  observation  on  the  calf,  Volkmann  found  that,  with  a 
pressure  of  about  G-5  inches  of  mercury  in  the  carotid,  the  pressure  in  the  metatarsal  vem 
was  1-1  inch,  and  but  0-3G  in  the  jugular.  Muscular  effort  has  a  marked  influence  on  the 
force  of  the  circulation  in  certain  veins  and  produces  an  elevation  m  the  pressure.  As 
the  reduced  pressure  in  the  veins  is  duo,  in  a  measure,  to  the  great  relative  capacity  of 
the  venous  system  and  the  free  communications  between  the  vessels,  it  would  seem  that, 
if  it  wore  possible  to  reduce  the  capacity  of  the  veins  in  a  part  and  force  all  the  blood  to 
pass  to  the  heart  by  a  single  vessel  corresponding  to  the  artery,  the  pressure  in  this  yesse 
would  bo  greatly  increased.  Poiseuille  has  shown  this  to  be  the  fact  by  the  experiment 
of  ligating  all  the  veins  coming  from  a  part,  except  one  which  had  the  volume  of  the 
artery  by  which  the  blood  was  supplied,  forcing  all  the  blood  to  return  by  this  smgle 
channel.  This  being  done,  he  found  the  pressure  in  the  vein  immensely  increased,  becom- 
ing nearly  equal  to  that  in  the  artery. 

Bapidity  of  the  Venom  Circulation.-lt  is  hnpossible  to  fix  upon  any  definite  rate  as 
representing  the  rapidity  of  the  current  of  blood  in  the  veins.    It  will  be  seen  that  various 
circumstances  are  capable  of  increasing  very  considerably  the  rapidity  of  the  flow  m  cer- 
tain veins,  and  that,  under  certain  conditions,  the  current  in  some  par  s  «>e/«°<?;« 
system  is  very  much  retarded.    Undoubtedly,  the  general  movement  of  blood  an  the  veins 
is  very  much  slower  than  in  the  arteries,  from  the  fact  that  the  quantity  of  blood  is  g  eater. 
If  it  be  assumed  that  the  quantity  of  blood  in  the  veins  is  double  l^l^l^'^^^Tne^ 
arteries  the  general  average  of  the  current  would  be  diminished  one-half.    As  we  near 
^e  heit  however,  the  flo^  becomes  more  uniform  and  progressively  mcreases  in  rapidity 
As Ti'e  eflecl  o  the  heart's  action  upon  the  venous  circulation  is  subject  to  so  many 
modify  ng  nfluences  through  the  small  arteries  and  capillaries  and  as  there  are  oth 
Tore  ?  nLencing  the  current,  which  are  by  no  means  uniform  in  then;  action,  with  ou 
present  know^^       estimates  of  the  general  rapidity  of  the  venous  circulation  or  the 
variations  in  different  vessels  would  be  founded  on  mere  speculations. 

Causes  of  the  Venous  Circulation. 
In  the  veins  the  blood  is  farthest  removed  from  the  influence  of  the  contractions  of 
the  left  venSe    and,  although  these  are  felt,  there  are  many  other  causes  which  com- 
le  to  T^T  on'  ^e  'circulalon,  and  many  influences  by  which  it  is  retarded  or  ob- 

''"Tte'great  and  uniform  force  which  operates  on  the  circulation     ^be^e  vess^^^^^^^^^ 
,is  a  tergo.    We  have  repeatedly  referred  to  the  entire 
propagated  through  the  capillaries,  to  -^^j^^^^^^^ 

''Tbrliff:r;:L  c.»c„,.to  n,„ve.cn.ot.,ooa  in  fte  veins  „e  tUe 

'""rZ^Car  action,  ^>J  wMol>  -n™,  of  ™in.  «t  -^^'^^^^^ 
however,  only  on  the  veins  in  the  immediate  neighborhood  of  the  chest. 
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3.  A  possible  influence  from  contraction  of  tlie  coats  of  the  vessels  themselves. 
This  is  marked  in  the  veins  near  the  heart  in  some  of  the  inferior  animals. 

i.  The  force  of  gravity,  which  operates  only  on  vessels  which  carry  blood  from  above 
downward  to  the  heart,  and  a  slight  suction  force  which  may  be  eserted  upon  the  blood 
in  a  small  vein  as  it  passes  into  a  larger  vessel  in  which  the  current  is  more  rapid. 

The  obstacles  to  the  venous  circulation  are  :  Pressure  sufficient  to  obliterate  the  cali- 
ber of  a  vessel,  when,  from  the  free  communications  with  other  vessels,  the  current  is 
simply  diverted  into  another  channel ;  the  expulsive  efl:brts  of  respiration ;  the  contrac- 
tions of  the  right  side  of  the  heart ;  and  the  force  of  gravity,  which  operates,  in  the 
erect  posture,  on  the  current  in  all  excepting  the  veins  of  the  head,  neck,  and  In  parts 
of  the  trunk  above  the  heart. 

Influence  of  Muscular  Contraction. — That  the  action  of  muscles  has  considerable  in- 
fluence on  the  current  of  blood  in  the  veins  situated  between  them  and  in  their  sub- 
stance, has  long  been  recognized.  It  is  exemplified  in  the  operation  of  venesection, 
when  it  is  well  known  that  the  jet  from  the  vein  may  be  very  much  increased  in  force 
by  contraction  of  the  muscles  below  the  opening.  This  action  is  so  marked,  that  the 
parts  of  the  venous  system  which  are  situated  in  the  substance  of  muscles  have  been 
compared  by  Ghassaignac  to  a  sponge  fall  of  liquid,  vigorously  pressed  by  the  hand.  It 
must  always  be  remembered,  however,  that,  although  the  muscles  are  capable  of  acting 
on  the  blood  contained  in  veins  in  their  substance  witli  great  vigor,  the  heart  is  fully 
competent  to  carry  on  the  venous  circulation  without  their  aid ;  a  fact  which  is  exempli- 
fied in  a  striking  manner  in  the  venous  circulation  in  paralyzed  parts. 

It  has  been  shown  by  actual  observations  with  the  haamadynamometer,  that  muscular 
action  is  capable  of  immensely  increasing  the  pressure  in  certain  veins.  The  first  defi- 
nite experiments  on  this  subject  were  made  by  Magendie,  who  showed  a  pressure  of  over 
two  inches  of  mercury  produced  by  a  general  muscular  contraction,  on  the  passage  of  a 
galvanic  current  from  a  needle  plunged  into  the  cervical  region  of  the  spinal  marrow  to 
one  fixed  in  the  muscles  of  the  thigh.  The  experiments  of  Bernard  have  shown  this 
more  accurately.  This  physiologist  found  that  the  pressure  in  the  jugular  of  a  horse, 
in  repose,  was  1-4  inch  ;  but  the  action  of  the  muscles  in  raising  the  head  increased  it  to 
a  little  more  than  five  inches,  or  nearly  four  times.  These  observations  show  at  once 
the  great  variations  in  the  current  and  the  important  influence  of  muscular  contraction 
on  the  venous  circulation. 

In  order  that  contractions  of  muscles  shall  assist  the  venous  circulation,  two  things 
are  necessary : 

1.  The  contraction  must  be  intermittent.  This  is  always  the  case  in  the  voluntary 
muscles.  It  is  a  view  entertained  by  many  that  each  muscular  fibre  relaxes  immediately 
after  its  contraction,  which  is  instantaneous,  and  that  a  certain  period  of  repose  is  neces- 
sary before  it  can  contract  again.  However  this  may  be,  it  is  well  known  that  all 
active  muscular  contraction,  as  distinguished  from  the  efforts  necessary  to  maintain  the 
body  in  certain  ordinary  positions,  is  intermittent  and  not  very  prolonged.  Thus  the 
veins,  which  are  partly  emptied  by  the  compression,  are  filled  again  during  the  repose  of 
the  muscle. 

2.  There  should  be  no  possibility  of  a  retrograde  movement  of  the  blood.  This  con- 
dition is  fulfilled  by  the  action  of  the  valves.  Anatomical  researches  have  shown  that 
these  valves  are  most  abundant  in  veins  situated  in  the  substance  of  or  between  the  mus- 
cles, and  that  they  do  not  exist  in  the  veins  of  the  cavities,  which  are  not  subject  to  the 
same  kind  of  compression.  It  is  thus  that  the  blood  is  prevented  from  passing  back- 
ward toward  the  capillary  system  ;  and,  when  the  caliber  of  a  vein  is  reduced  by  com- 
pression, part  of  its  contents  must  be  forced  toward  the  heart.  This  action  of  the  valves 
constitutes  their  most  important  function. 

Milne-Edwards  alludes  to  an  important  physiological  bearing  of  the  acceleration  of 
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tho  venous  circulation  by  contractions  of  muaclos  on  their  nutrition.  It  is  apparently 
necessary  that  the  supply  of  blood  should  be  increased  in  a  muscle,  in  proportion  to  and 
during  its  activity ;  for  at  that  time  its  disassimilation  is  undoubtedly  augmented,  and 
there  is  an  increased  demand  on  the  blood  to  supply  the  waste.  It  is  apparently  a  pro- 
vision of  Nature  that  the  activity  of  a  muscle,  facilitating  the  passage  of  blood  in  its 
veins  and  consequently  its  flow  from  the  capillaries,  induces  an  increased  supply  of  the 
nutrient  fluid.  As  tho  development  of  tissues  is  generally  in  proportion  to  their  vascu- 
larity, this  may  account  for  the  increase  in  the  development  of  muscles  which  is  the  al- 
most invariable  result  of  exercise. 

Force  of  Aspiration  from  the  Thorax.— Dmmg  the  act  of  inspiration,  the  enlarge- 
ment of  the  thorax,  by  depression  of  the  diaphragm  and  elevation  of  the  ribs,  aflects 
the  movements  of  fluids  in  all  the  tubes  in  its  vicinity.  The  air  rushes  in  by  the  trachea 
and  expands  the  lungs,  so  that  they  follow  the  movements  of  the  thoracic  walls.  The 
flow  of  blood  into  the  great  arteries  is  somewhat  retarded,  as  is  indicated  by  a  dimi- 
nution in  the  arterial  pressure ;  and,  finally,  the  blood  in  the  great  veins  passes  to  the 
heart  with  greater  facility  and  in  mcreased  quantity.  This  last-mentioned  phenomenon 
can  be  readily  observed,  when  the  veins  are  prominent,  in  profound  or  violent  inspira- 
tion The  veins  at  the  lower  part  of  the  neck  are  then  seen  to  empty  themselves  of 
blood  during  inspiration,  and  they  become  distended  during  expiration,  producing  a  sort  of 
pulsation  which  is  synchronous  with  respiration.  This  can  always  be  observed  after  ex- 
posure of  the  jugular  in  the  lower  part  of  the  neck  in  an  inferior  animal.  After  this 
operation,  if  we  cause  the  animal  to  make  violent  respiratory  efi-orts,  the  vein  wiU  be 
a  most  emptied  and  collapsed  with  inspiration  and  turgid  with  expiration.  The  move- 
ments of  L  veins  near  the  thorax  have  long  been  observed  and  have  been  described 
with  tolerable  accuracy.  Direct  observations  on  the  jugulars  show  conclusively  that  the 
influence  of  inspiration  cannot  be  felt  much  beyond  these  /^^^  ^^^.^^ 

collapse  with  each  inspiratory  act,  a  condition  which  limits  this  influence  o  h  veins 
near  the  heart.    The  flaccidity  of  the  walls  of  the  vems  wil  "^tpermit  the  e. tend  d 
action  of  any  suction  force.    If  a  portion  of  a  vein  removed  from  the  J^J^J^;  "«^'^^^^^^ 
to  the  nozzle  of  a  syringe  and  we  attempt  to  draw  a  hquid  through    ;  f  /        ^he  sue 
tion  force  be  applied  very  gently,  when  the  vessel  has  any  considerable  length  its  waU 
will  be  drawn  to<.ether.    In  the  circulation,  the  veins  are  moderately  distended  ^i  h 
llllj  Z  Jalergo,  and,  to  a  certain  extent,  they  are  supported  by  conBections  .^^^^^ 
surrounding  tissues,  so  that  the  force  of  aspiration  is  felt  farther  -/J.^P^^^^^^^ 
on  vessels  removed  from  the  body.    The  blood,  as  it  approaches  the  thorax  ^^^^l'^^ 
other  forces  is  considerablv  accelerated  in  its  flow  ;  but  it  is  seen  by  d  rect  observation, 
ttt  blyond  :  c:;-;ain  point,  and  that  very  near  the  chest,  ordinary  a^iration  has  no  m- 
fluence,  and  violent  efforts  rather  retard  than  favor  the  venous  cuire  it 

In  the  liver  the  influence  of  inspu-ation  becomes  a  very  important  element  in  the 
mechan  m  o7  the  circulation.    This  organ  presents  a  vascular  a-igement  wh^^^^^^^ 
exceptional.    The  blood,  distributed  by  tl-rterie^^^^^  d" 
membrane  of  the  alimentary  canal  and  m  the  J  '  ^..^^^  ^^^i,  there 

to  the  heart  by  the  veins,  is  collected  '^-'^^^^^^'^^^^^^^^^^  veins 
distributed  in  a  second  set  of  capillary  vesse  s.    I    ^  ^^^^  ^^^^^^^^^^  ^  J the 
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ditions  The  thorax  can  therefore  exert  a  powerful  influence  upon  the  hepatic  cir- 
culation; for  it  is  only  the  flaccidity  of  the  walls  of  the  vessels  which  prevents  this 
influence  from  operating  throughout  the  entire  venous  system.  Although  this  must  be  a 
very  important  element  in  the  production  of  the  circulation  m  the  liver,  the  fact  that  the 
blood  circulates  in  this  organ  in  the  foetus  before  any  movements  of  the  thorax  take 
place  shows  that  it  is  not  absolutely  essential.  All  the  influences  which  we  have  thus 
far  considered  are  merely  supplementary  to  the  action  of  the  great  central  organ  of  the 

circulation.  .        „  .     .    ^.     .  „      ,  . 

A  farther  proof  if  any  were  needed,  of  the  suction  force  of  inspiration  is  found  in  an 
accident  which  is  not  infrequent  in  surgical  operations  in  the  lower  part  of  the  neck. 
When  the  veins  in  this  situation  are  kept  open  by  a  tumor  or  by  induration  of  the  sur- 
rounding tissues,  an  inspiratory  efi^ort  has  occasionally  been  followed  by  the  entrance  of 
air  into  the  circulation,  an  accident  which  is  liable  to  lead  to  the  gravest  results.  This 
occurs  only  when  a  divided  vein  is  kept  patulous;  and  the  accident  proves  both  the 
influence  of  inspiration  on  liquids  in  the  veins  near  the  chest  and  its  restriction  to  the 
vessels  in  this  particular  situation  by  the  flaccidity  of  their  walls. 

'  A  full  discussion  of  the  subject  of  air  in  the  veins,  which  is  of  great  pathological  inter- 
est, does  not  belong  to  physiology.  The  blood  is  capable  of  dissolving  a  certain  quantity 
of  atmospheric  air;  and  a  small  quantity,  very  gradually  introduced  into  a  vem,  can  be 
disposed  of  in  this  way.  When,  however,  a  considerable  quantity  suddenly  finds  its  way 
into  the  venous  system,  the  patient  experiences  a  sense  of  mortal  distress  and  almost 
immediately  falls  into  a  state  of  insensibility.  A  peculiar  whistling  sound  is  heard  when 
the  air  passes  in ;  and,  if  the  ear  be  applied  to  the  chest,  we  distinguish  the  labored 
efforts  of  the  heart,  accompanied  by  a  loud  churning  sound.  On  opening  the  chest  after 
death,  the  right  cavities  of  the  heart  are  invariably  found  distended  with  air  and  blood, 
the  blood  being  frothy  and  florid.  Generally  the  left  side  of  the  heart  is  nearly  or  quite 
empty.  _ 

The  production  of  death  from  air  in  the  veins  is  purely  mechanical.  The  air,  findmg 
its  way  to  the  right  ventricle,  is  mixed  with  the  blood  in  the  form  of  minute  bubbles  and 
is  carried  into  the  pulmonary  artery.  Once  in  this  vessel,  it  is  impossible  for  it  to  pass 
through  the  capillaries  of  the  lungs,  and  death  by  suffocation  is  the  inevitable  result,  if 
the  quantity  of  air  be  large.  It  is  because  no  blood  can  pass  through  the  lungs,  that  the 
left  cavities  of  the  heart  are  usually  found  empty. 

Air  injected  into  the  arteries  produces  no  such  serious  effects  as  air  in  the  veins.  It 
is  arrested  in  the  capillaries  of  certain  parts  and  in  the  course  of  time  is  absorbed  with- 
out producing  any  injury. 

Aside  from  the  pressure  exerted  by  the  contraction  of  muscles  and  the  force  of  as- 
piration from  the  thorax,  the  influences  which  assist  the  venous  circulation  are  very 
slight.  As  far  as  the  action  of  the  coats  of  the  vessels  themselves  is  concerned,  their 
contraction,  it  must  be  remembered,  is  slow  and  gradual,  like  the  contraction  of  the 
arteries  ;  and  it  is  hardly  possible  that,  in  the  general  venous  system,  this  should  operate  at 
all  on  the  blood-current,  beyond  the  simple  influence  of  the  reduction  of  the  caliber  of 
the  vessel.  There  is  a  slight  contraction  in  the  venm  cavss  in  the  immediate  proximity 
of  the  heart,  which  is  very  much  more  extended  in, many  of  the  lower  vertebrate  ani- 
mals and  may  be  mentioned  as  having  an  influence,  very  insignificant  it  is  true,  on  the 
flow  of  blood  from  the  great  veins. 

In  the  veins  which  pass  from  above  downward,  the  force  of  gravity  favors  the  flow 
of  blood.  This  is  seen  by  the  turgescence  of  the  veins  of  the  neck  and  face,  when 
the  head  is  kept  for  a  short  time  below  the  level  of  the  heart.  If  tlie  arm  bo  elevated 
above  the  head,  the  veins  of  the  back  of  the  hand  will  be  much  reduced  in  size,  from  the 
greater  facility  with  which  the  blood  passes  to  the  heart,  while  they  are  distended  when 
the  hand  is  allowed  to  hang  by  the  side  and  the  blood  has  to  mount  up  against  the  force 
of  gravity. 
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In  the  extreme  irregularity  in  the  rapidity  of  the  circulation  in  different  veins,  it 
must  frequently  happen  that  a  vessel  empties  its  blood  into  another  of  larger  size,  in 
which  the  current  is  more  rapid.  In  such  an  instance,  as  a  physical  necessity,  the  more 
rapid  current  in  the  larger  vessel  exerts  a  certain  suction  force  on  the  fluid  in  the  vessel 
which  joins  with  it. 

Function  of  the  Valves  of  the  Veins. 

It  is  difficult  to  comprehend,  at  the  present  day,  how  any  anatomist  could  have  accu- 
rately described  the  valves  of  the  veins  and  yet  have  been  ignorant  of  their  function ;  and 
the  fact  that  their  use  was  not  understood  before  the  description  of  the  circulation  by  Har- 
vey shows  the  greatness  of  this  as  a  discovery  and  the  shallow  character  of  any  pretence 
that  men  of  science  had  any  definite  idea  of  the  motion  of  the  blood  before  bis  time. 

"With  our  present  knowledge  of  the  course  of  the  blood,  it  is  evident  that  the  great 
function  of  the  valves  is  to  present  an  obstacle  to  the  reflux  of  blood  toward  the 
capillary  system ;  and  it  only  remains  to  study  the  conditions  under  which  they  are 
brought  into  action. 

There  are  two  distinct  conditions  under  which  the  valves  of  the  veins  may  be  closed. 
One  of  them  is  the  arrest  of  circulation,  from  any  cause,  in  veins  in  which  the  blood  has 
to  mount  against  the  force  of  gravity ;  and  the  other,  compression  of  veins,  from  any 
cause  (generally  from  muscular  contraction)  which  tends  to  force  the  blood  from  the 
vessels  compressed  into  others,  when  the  valves  offer  an  obstruction  to  a  flow  toward  the 
capillaries  and  necessitate  a  current  in  the  direction  of  the  heart.    In  the  first  of  these 
conditions,  the  valves  are  antagonistic  to  the  force  of  gravity,  and,  when  the  caliber  of 
any  vessel  is  temporarily  obliterated,  they  aid  in  directing  the  current  into  anastomotic 
vessels.    It  is  but  rarely,  however,  that  they  act  thus  in  opposition  to  the  force  of  grav- 
ity and  it  is  only  when  many  of  the  veins  of  a  part  are  simultaneously  compressed  that 
they  aid  in  diverting  the  current.    When  a  single  vein  is  obstructed,  it  is  not  probable 
that  the  valves  are  necessary  to  divert  the  current  into  other  vessels,  for  this  would  take 
place  in  obedience  to  the  ms  a  tergo  ;  but  when  many  veins  are  obstructed  in  a  depend- 
ent part,  and  the  avenues  to  the  heart  become  insufiicient,  the  numerous  valves  divide 
the  columns  of  blood,  so  that  the  pressure  is  equally  distributed  throughout  the  extent 
of  the  vessels.    For,  it  must  be  remembered,  the  strength  of  the  walls  diminishes  as 
we  pass  from  the  larger  veins  to  the  periphery,  and  the  smallest  vessels,  which,  were 
it  not  for  the  valves,  would  be  subjected  to  the  greatest  amount  of  pressure,  are  least 
calculated  to  bear  distention.    This  is  but  an  occasional  function  which  the  valves  are 
called  upon  to  perform;  and  it  is  evident  that  their  influence  is  only  to  prevent  he 
weight  of  the  entire  column  of  blood,  in  vessels  thus  obstructed,  from  operating  on  he 
smJlest  veins  and  the  capillaries.    It  cannot  make  the  labor  of  the  heart  .^en  the 
blood  is  again  put  in  motion,  any  less  than  if  the  column  were  undivided,  as  this  organ 
must  have  sufficient  power  to  open  successively  each  set  of  valves,  when,  of  course, 
they  cease  to  have  any  influence  whatsoever.  ^    ^  ^„i„„o 

It  is  in  connection  with  the  intermittent  compression  of  the  veins  that  the  valves 
have  their  principal  and  almost-constant  function.  Their  situation  alone  would  ead  to 
this  supposition.  They  are  found  in  greatest  numbers  throughout  the  muscular  system, 
lavingrerdemonstra'ted  by  Sappey  in  the  smallest  venules  ;  they  are  a  so  found  -  t^^ 
upper  parts  of  the  body,  where  they  certainly  do  not  operate  agamst  the  force  of  gravity 
WW  Jhey  do  not  exisVin  the  cavities,  where  the  venous  trunks  are  not  subject  o  com- 
ression  It  has  already  been  made  sufficiently  evident  that  the  action  of  muscles  ec- 
Tnds  most  ower^ri  contractions  of  the  heart.  The  a  ^^J^^^^^^^Z^^^^ 
doubtless,  generally  sufficient  to  turn  this  influence  of  -7^^;;  ^  ,  ^rth^^^ 

capillary  system,  and  the  valves  of  the  veins  are  open ;  but  they  stand  ready, 
less,  to  oppose  any  tendency  to  regurgitation. 

in  the  action  of  muscles,  the  skin  is  frequently  stretched  over  the  part,  and  the  cuta 
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neons  veins  are  somewhat  compressed.  This  may  be  seen  in  the  hand,  by  lettmg  it  hang 
by  the  side  until  the  veins  become  somewhat  swollen,  and  then  contracting  the  muscles, 
when  the  skin  will  become  tense  and  the  veins  are  very  much  less  prominent.  Here  the 
valves  have  an  important  action.  The  compression  of  the  veins  is  much  greater  in  the 
substance  of  and  between  the  muscles  than  in  the  skin;  but  the  blood  is  forced  from  the 
muscles  into  the  skin,  and  the  valves  act  to  prevent  it  from  taking  a  retrograde  course. 
The  fact  that  the  contraction  of  muscles  forces  blood  into  the  veins  of  the  skm  may  be 
seen  by  surrounding  the  upper  part  of  the  forearm  with  a  moderately-tight  ligature, 
which  will  distend  the  cutaneous  veins  below.  If  we  now  contract  the  muscles  vigor- 
ously, the  veins  below  will  become  sensibly  more  distended  and  knotted ;  showing,  at 
once,  the  passage  of  blood  into  the  skin  and  the  action  of  the  valves. 

When  a  vein  is  distended  by  th&  injection  of  air  or  a  liquid  forced  against  the  valves, 
it  is  observed  that,  at  the  point  where  the  convex  borders  of  the  valves  are  attached,  the 
vessel  is  not  dilated  as  much  as  at  other  parts.  This  is  due  to  the  fact  that  the  valves 
are  bordered  with  a  fibrous  ring  which  strengthens  the  vessel  and  prevents  distention 
at  that  point,  which  would  otherwise  separate  the  free  borders  of  the  valves  and  render 
them  insufficient. 

A  full  consideration  of  the  venous  anastomoses  belongs  to  descriptive  anatomy. 
Suffice  it  to  say,  in  this  connection,  that  they  are  very  numerous  and  provide  for  a 
return  of  the  blood  to  the  heart  by  a  number  of  channels.  The  azygos  vein,  the  veins 
of  the  spinal  canal,  and  veins  in  the  walls  of  the  abdomen  and  thorax,  connect  the  infe- 
rior with  the  superior  vena  cava.  Even  the  portal  vein  has  lately  been  shown  to  have 
its  communications  with  the  general  venous  systenj.  Thus,  in  all  parts  of  the  organism, 
temporary  compression  of  a  vein  only  diverts  the  current  into  some  other  vessel,  and 
permanent  obliteration  of  a  vein  produces  enlargement  of  communicating  branches,  which 
soon  become  sufficient  to  meet  all  the  requirements  of  the  circulation. 

Conditions  which  impede  the  Venous  Circulation. 

Influence  of  Expiration. — The  influence  of  expiration  on  the  circulation  in  the  veins 
near  the  thorax  is  directly  opposed  to  that  of  inspiration.  As  the  act  of  inspiration  has 
a  tendency  to  draw  the  blood  from  these  vessels  into  the  chest,  the  act  of  expiration 
assists  in  forcing  the  blood  out  from  the  vessels  of  the  thorax  and  opposes  a  flow  in 
the  opposite  direction.  The  effect  of  prolonged  and  violent  expiratory  efforts  is  very 
marked,  being  followed  by  deep  congestion  of  the  veins  of  the  face  and  neck  and  a  sense 
of  fulness  in  the  head,  which  may  become  very  distressing.  The  opposition  to  the  venous 
current  generally  extends  only  to  vessels  in  the  immediate  vicinity  of  the  thorax,  or,  it 
may  be  stated  in  general  terms,  to  those  veins  in  which  the  flow  of  blood  is  assisted  by 
the  movements  of  inspiration ;  but,  while  the  inspiratory  influence  is  absolutely  confined 
to  a  very  restricted  circuit  of  vessels,  the  obstructive  influence  of  very  violent  and  pro- 
longed expiration  may  be  extended  very  much  farther,  as  is  seen  when  the  vessels  of  the 
neck,  face,  and  conjunctiva  become  congested  in  prolonged  vocal  efforts,  blowing,  etc. 
The  mechanism  of  this  is  not  what  we  might  at  first  be  led  to  suppose ;  namely,  a 
mere  reflux  from  the  large  trunks  of  the  thoracic  cavity.  "Were  this  the  case,  it  would 
be  necessary  to  assume  an  insufficiency  of  certain  valves,  which  does  not  exist.  In 
extreme  congestion,  reflux  of  blood  may  take  place  to  a  certain  extent  in  the  external 
jugular,  for  this  vessel  has  but  two  valves,  which  are  not  competent  to  prevent  regurgi- 
tation ;  the  chief  cause  of  congestion,  however,  is  due,  not  to  regurgitation,  but  to  accumu- 
lation from  the  periphery  and  an  obstruction  to  the  flow  of  blood  into  the  great  vessels. 

It  is  in  the  internal  jugular  that  the  influence  of  expiration  is  most  important,  both 
from  its  great  size  in  the  human  subject,  as  compared  with  the  other  vessels,  and  from 
the  importance  and  dehcacy  of  the  parts  from  which  it  collects  the  blood.  At  the  open- 
ing of  this  vessel  into  the  innominate  vein,  is  a  pair  of  strong  and  perfect  valves,  which 
effectually  close  the  orifice  when  there  is  a  tendency  to  regurgitation.  These  valves  have 
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attracted  much  attention  among  physiologists  since  the  discovery  of  the  circulation  has 
made  it  evident  how  important  they  may  be  in  protecting  the  brain  from  reflux  of 
blood.  "W'lien  the  act  of  expiration  arrests  the  onward  flow  in  the  veins  near  the  thorax, 
these  valves  are  closed  and  effectually  protect  the  brain  from  congestion  by  regurgita- 
tion. The  blood  accumulates  boliind  the  valves,  but  the  free  communication  of  the  inter- 
nal jugular  with  the  other  veins  of  the  neck  relieves  the  brain  from  congestion,  unless 
the  effort  be  extraordinarily  violent  and  prolonged. 

The  above  remarks  with  regard  to  the  Influence  of  expiration  are  applicable  to  vocal 
efforts,  violent  coughing  or  sneezing,  or  any  unusual  muscular  efforts,  such  as  straining,  in 
which  the  glottis  is  closed. 

Regurgitant  Venous  Pulse. — In  the  inferior  animals,  like  the  dog,  if  the  external 
jugular  be  exposed,  a  distention  of  the  vessel  is  seen  to  accompany  each  expiratory  act. 
This  is  sometimes  observed  in  the  human  subject,  when  respiration  is  exaggerated,  and 
has  been  called  improperly  the  venous  pulse.  There  is  no  suificient  obstacle  to  the  regur- 
gitation of  blood  from  the  thorax  into  the  external  jugular,  and  distinct  pulsations,  syn- 
chronous with  the  movements  of  respiration,  may  be  produced  in  this  way. 

It  is  evident  that  there  are  various  other  circumstances  which  may  impede  the  venous 
circulation.  Accidental  compression  may  temporarily  arrest  the  flow  in  any  particular 
vein  When  the  whole  volume  of  blood  is  materiaUy  increased,  as  after  a  full  meal  with 
copious  ingestion  of  liquids,  the  additional  quantity  of  blood  accumulates  chiefly  m  the 
venous  system  and  proportionately  diminishes  the  rapidity  of  the  venous  <;";culatmn. 

The  force  of  gravity  also  has  an  important  influence.  It  is  much  more  d.fiBcult  for  the 
blood  to  mount  from  below  upward  to  the  heart  than  to  flow  downward  from  the  head 
and  neck  The  action  of  this  is  seen  if  comparison  be  made  between  the  circulation  m 
?he  arm  levated  above  the  head  and  hanging  by  the  side.  In  the  one  case  the  veins  are 
emptied  and  contain  but  little  blood,  and  in  the  other  the  circulation  is  mor 
dTffi  lit  nd  the  vessels  are  moderately  distended.  The  walls  of  the  veins  are  thi  ke  t 
.i^d  the  vdves  are  most  numerous  in  parts  of  the  body  which  are  habitually  dependent. 
S  rflrnrorgrr^ty  is  exemplified  in  the  production  of  varicose  veins  m  the  lower 
Ixtr  mS  diseLe  is  frequently  induced  by  occupations  which  require  constan 

SXg  •  U  the  exercise  of  walking,  aiding  the  venous  circulation,  as  it  does,  by  the 
muscular  effort,  has  no  sucli  tendency. 

CircuUtion  in  tU  Cranial  Canity. -In  the  encephalic  --ty'^^J!.^^^^^^  C 
.  .    .    ,         ,         ^       „  ^-p       T7oaapl<?  with  exceptional  conditions  oi  tue  uiouu 
liarities  n  the  anatomy  of  some  of  the  ^^^^^^^^^  ble  of  essentially  modi- 

as  regards  atmospheric  pressure,  which  have  Deen  coum  t-  oontainine  the 

fying'the  circulation.    In  the  adult,  the  -"f  ^J.^^^ 
incompressible  cerebral  substance,  and  blood;  conditions  wU  cu  ^re  w  ^ 
those  presented  in  other  parts  of  the  system    On^^  ri^Z^:^ys^c^ 
to  consider  that  any  change  m  the  quantity  of  numerous  and  well 

impossibihty.    Pathological  facts  in  opposition  to         ™^  ^^^^^  it  is  never- 

estabhshedthat  the  question  does  not  ^o^,^^";^^^'^^*^ t^fnrtT  of  which 

theless  true  that  there  are  anatomical  peculiarities  in  these  pa  ts  the  effects 
on  the  circulation  present  important  and  interestmg  points  for  study. 

In  the  brain,  the  venous  passages  which  correspond  to  the  g' ^"V^rare  birshghtly 
are  in  the  form  of  sinuses  between  the  folds  of  the  dura  mater  ^^^^  »^  J^^^^^^^^ 
anatable.  _  In  the  V^^^^^^  ^t^l^^:^^^^^^  com- 

La.    Notwithstanding  these  conditions,  the  fact  '  f     ™rllood  which 

vessels  of  the  brain  after  death  show  great  differences  m  the  quantitj 
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thev  coBtain  The  question  then  arises  as  to  what  is  displaced  to  make  room  for 
the  blood  in  congestion,  and  what  supplies  the  place  of  the  blood  in  ancenlia.  An 
anatomical  peculiarity,  which  has  not  yet  been  considered,  offers  an  explanation  of 
these  phenomena.  Magendie  has  shown,  by  observations  on  living  animals,  confirmed 
by  dis  ections  of  the  human  body,  that  between  the  pia  mater  and  the  arachnoid  of  he 
brain  and  spinal  cord  there  exists  a  liquid,  the  ceplialo-rachidum  flmd,  which  is  capable 
of  passinc^  from  the  surface  of  the  brain  to  the  spinal  canal  and  communicates  wi  h  the 
fluid  in  the  ventricles.  This  he  has  conclusively  demonstrated  to  be  situated,  not 
between  the  layers  of  the  aracljnoid,  as  was  supposed  by  Bichat,  but  between  the  inner 
layer  of  this  membrane  and  the  pia  mater.  The  communication  between  the  cranial 
cavity  and  the  spinal  canal  is  very  free.  This  has  been  demonstrated  by  exposing  the  dura 
mater  of  the  brain  and  of  the  cord,  making  an  opening  in  the  membranes  of  the  cord  so 
as"  to  aUow  the  liquid  to  escape  (which  it  does  in  quite  a  forcible  jet),  when  pressure  on  the 
membranes  of  the  brain  not  only  accelerated  the  flow  but  pressed  out  a  quantity  of  the  liquid 
after  all  that  would  escape  spontaneously  bad  been  evacuated.  It  is  easy  to  see  one  ot 
the  physiological  uses  of  this  liquid.  When  the  pressure  of  blood  in  the  arteries  leadmg 
to  the  brain  is  increased  or  when  there  is  an  obstacle  to  its  return  by  the  veins,  more  or 
less  congestion  takes  place,  and  the  blood  forces  the  liquid  from  the  cranial  into  the  spinal 
cavity  •  "the  reverse  taking  place  when  the  supply  of  blood  to  the  brain  is  diminished. 
The  functions  of  all  highly-organized  and  vascular  parts  seem  to  require  certain  varia- 
tions in  the  supply  of  blood ;  and  there  is  no  reason  to  suppose  that  the  brain  m  its 
varied  conditions  of  activity  and  repose,  is  any  exception  to  this  general  rule,  although 
the  physiological  conditions  of  its  vascularity  are  not  easily  studied. 

Physiologists,  even  before  the  time  of  Haller,  had  noticed  alternate  movements  ot 
expansion  and  contraction  in  the  brain,  connected  with  the  acts  of  respiration.  This  is 
observed  in  children  before  the  fontanels  are  closed,  and  in  the  adult  when  the  brain  is 
exposed  by  an  injury  or  a  surgical  operation.  The  movements  are,  an  expansion  with  the 
act  of  expiration,  which,  in  violent  efforts,  is  sometimes  so  considerable  as  to  produce 
protrusion,  and  contraction  with  inspiration.  Magendie  also  studied  these  movements 
which  he  explained  in  the  following  way :  With  the  act  of  expiration,  the  flow  ot  blood 
in  the  arteries  is  favored,  and  the  current  in  the  veins  is  retarded.  If  the  effort  be 
violent,  the  valve  at  the  opening  of  the  internal  jugular  may  be  closed.  This  act  would 
produce  an  expansion  of  the  brain,  not  from  reflux  by  the  veins,  but  from  the  fact  that 
the  flow  into  the  chest  is  impeded,  and  the  blood,  while  passing  in  more  freely  by  the 
arteries,  is  momentarily  confined.  With  inspiration,  the  flow  into  the  thorax  is  mate- 
rially aided,  and  the  brain  is  in  some  degree  relieved  of  this  expanding  force. 

Robin,  His,  and  others  have  noted  a  peculiarity  in  the  small  vessels  of  the  brain, 
spinal  cord,  and  pia  mater,  which  is  curious,  but  the  physiological  significance  of  which  is 
not  yet  apparent.  These  vessels  are  surrounded  by  a  thin,  amorphous  sheath,  which  has 
a  diameter  of  from  tU  of  an  inch  greater  than  that  of  the  vessel  itself.  Be- 

tween this  and  the  blood-vessel  is  a  transparent  liquid.  This  structure,  which  has  been 
observed  in  no  other  part  of  the  circulatory  system,  is  regarded  by  Robin  as  the  com- 
mencement of  the  lymphatics  of  the  nervous  centres.  What  effect  this  disposition  of 
the  vessels  may  have  upon  the  facility  with  which  they  may  become  dilated  or  contracted, 
it  is  difiicult  to  determine.  • 

Circulation  in  Erectile  Tissues.— In  the  organs  of  generation  of  both  sexes,  there 
exists  a  tissue  which  is  subject  to  great  increase  in  volume  and  rigidity  when  in  a  state 
of  what  is  called  erection.  The  parts  in  which  the  erectile  tissue  exists  are,  in  the  male, 
the  corpora  cavernosa  of  the  penis,  the  corpora  spongiosa,  with  the  glans  penis;  and,  in 
the  female,  the  corpora  cavernosa  of  the  clitoris,  the  gland  of  the  chtoris,  and  the  bulb 
of  the  vestibule.  In  addition,  Rouget  has  lately  demonstrated  the  presence  of  a  struct- 
ure analogous  to  erectile  tissue  in  the  body  of  the  uterus  and  in  a  bulb  annexed  to  the 
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ovary  of  the  human  female.  He  has  shown  by  injections  tliat  the  uterus  is  capable  of 
erection  like  the  penis.  In  some  other  parts,  such  as  the  nipple  and  the  mucous  mem- 
brane of  the  vagina,  which  are  sometimes  described  as  erectUe,  the  peculiar  vascular 
arrangemcut  which  is  characteristic  of  true  erectile  tissues  is  not  found.  In  the  nipple, 
the  hardness  which  follows  gentle  stimulation  is  simply  the  result  of  contraction  of  the 
smooth  muscular  fibres  with  which  this  part  is  largely  supplied,  and  it  is  analogous  to  the 
elevation  of  the  follicles  of  the  skin  from  the  same  cause,  in  what  is  called  goose-flesh. 
In  the  vagina,  congestion  may  occur,  as  in  other  mucous  membranes,  but  there  is  no 
proper  erection. 

The  vascular  arrangement  in  erectile  organs,  of  which  the  penis  may  be  taken  as  tlio 
type,  is  peculiar  to  them  and  is  not  found  in  any  other  part  of  the  circulatory  system. 
Taking  the  penis  as  an  example,  the  arteries,  which  have  an  unusually-thick  muscular 
coat  after  they  have  entered  the  organ,  do  not  simply  branch  and  divide  dichotomously, 
as  ill  most  other  parts,  but  send  off  large  numbers  of  arborescent  branches,  which  imme- 
diately become  tortuous  and  are  distributed  in  the  cavernous  and  spongy  bodies  in  nu- 
merous anastomosing  vessels,  with  but  a  single  thin,  homogeneous  coat,  like  the  true 
capillaries.  These  vessels  are  larger,  even,  than  the  arterioles  which  supply  them  with 
blood,  some  having  a  diameter  of  from  rh  to  tV  of  an  inch.  The  cavernous  bodies  have 
an  external  investment  of  strong  fibrous  tissue  of  considerable  elasticity,  which  sends 
bands,  or  trabecuto,  into  the  interior,  by  which  it  is  divided  up  into  cells.  The  trabeculas 
are  composed  of  fibrous  tissue  mixed  with  a  large  number  of  smooth  muscular  fibres. 
These  cells  lodge  the  blood-vessels,  which  ramify  in  the  tortuous  manner  already  indicated 
and  finally  terminate  in  the  veins.  The  anatomy  of  the  corpora  spongiosa  is  essentially 
the  same,  the  only  difference  being  that  the  fibrous  envelope  and  the  trabecule  are  more 
delicate  and  the  cells  are  of  smaller  size. 

Without  goiu"-  fully  into  the  mechanism  of  erection,  which  comes  more  properly 
under  the  head  of  generation,  it  may  be  stated  in  general  terms  that,  durmg  sexual 
excitement,  or  when  erection  occurs  from  any  cause,  the  thick  muscular  walls  of  the 
arteries  of  supply  relax  and  allow  the  arterial  pressure  to  distend  the  capacious  vessels 
lodged  in  the  cells  of  the  cavernous  and  spongy  bodies.  This  produces  the  characteristic 
change  in  the  volume  and  position  of  the  organ.  It  is  evident  that  erection  depends  upon 
the  peculiar  arrangement  of  the  blood-vessels,  and  is  not  simply  a  congestion,  such  as 
could  occur  in  any  vascular  part.  During  erection,  there  is  not  a  stasis  of  blood ;  but, 
if  it  continue  for  any  length  of  time,  the  quantity  which  passes  out  of  the  part  by  the 
veins  must  be  equal  to  that  which  passes  in  by  the  arteries. 

Derwative  Circulation. -In  some  parts  of  the  circulatory  system,  there  exists  a  di- 
rect communication  between  the  arteries  and  the  veins,  so  that  aff  the  blood  does  not 
necessarily  pass  through  the  minute  vessels  which  have  been  described  as  true  capilla- 
ries TMs  pe  nliarity:  which  had  been  noted  by  Todd  and  Bowman,  Paget,  and  others, 
ha  been  closely  studied  by  M.  Sucqnet,  who  was  first  led  to  investigate  the  subjec  by 
no  icmg  that  by  injecting  a  very  small  quantity  of  fluid  -tu-ely  insufficient  to  fiJl^aU 
the  capmaries  of  a  member,  it  was  returned  by  cer tarn  °f  ^^Jf^^^  '^^^I 

solidifiable  injection,  he  found  that  there  were  certam  parts  of  the  upper  and  lowei  ex 

rtit  and^hehe'ac;  which  became  colored  by  the 
not  nenetrated    Following  this  out  by  dissection,  he  showed  that,  m  the  upper  extrem 
Uv  Se  skin  of  the  fingers  and  part  of  the  palm  of  the  hand  and  the  skin  over  the  o  e- 
I'non  are  provSed  wfth  vesselLf  considerable  size,  which 
the  axillary  artery  to  pass  directly  into  some  of  the  veins,  while  m  ^^^'"^ ^^'''J^^ 
were  entirely  empty.    Extending  his  researches  to  the  lower  <^f '/^ 
gous  communications  between  the  vessels  in  the  knee,  oes  and       «  of  the  sde  o  he 
foot.    He  also  found  communications  in  the  nose,  cheeks,  hps,  forehead,  and  ends  of  the 
ear   parts  which  are  particularly  liable  to  changes  in  color  from  congestion  of  vessels. 
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It  is  evident  that,  under  certain  circumstances,  a  larger  quantity  of  blood  tlian  usual 
may  pass  tlirougli  these  pai'ts  without  necessarily  penetrating  the  true  capillaries  and 
thus  exerting  a  modifying  influence  upon  nutrition.  The  changes  which  are  hable  to  oc- 
cur in  the  quantity  of  blood,  in  the  force  of  the  heart's  action,  etc.,  may  thus  talio  place 
without  disturbing  the  circulation  in  the  capillaries,  a  provision  which  the  functions  of 
the  parts  would  seem  to  demand. 

Pulmonary  Circulation.— Th^  vascular  system  of  the  lungs  merits  the  name,  which 
is  frequently  applied  to  it,  of  the  lesser  circulation.  The  right  side  of  the  heart  acts 
simultaneously  with  the  left,  but  is  entirely  distinct  from  it,  and  its  muscular  walls  are 
very  much  less  powerful.  The  pulmonary  artery  has  thmner  and  more  distensible  coats 
than  the  aorta  and  distributes  its  blood  to  a  single  system  of  capillaries,  situated  very 
near  the  heart.  We  have  seen  that  the  orifice  of  the  pulmonary  artery  is  provided  with 
valves  which  prevent  regurgitation  into  the  ventricle.  In  the  substance  of  the  lungs, 
the  pulmonary  artery  is  broken  up  into  capUlaries,  most  of  them  just  large  enough  to 
allow  the  passage  of  the  blood-corpuscles  in  a  single  row.  These  vessels  are  provided 
with  a  single  coat  and  form  a  very  close  net-work  surrounding  the  air-ceUs.  From  the 
capillaries  the  blood  is  collected  by  the  pulmonary  veins  and  conveyed  to  the  left  auri- 
cle. There  is  no  great  disparity  between  the  arteries  and  vems  of  the  pulmonary  system 
as  regards  capacity.    The  pulmonary  veins  in  the  human  subject  are  not  provided  with 

valves.  _ 

The  blood  in  its  passage  through  the  lungs  does  not  meet  with  the  resistance  which 
is  presented  in  the  systemic  circulation.  This  fact  we  have  often  noticed  in  injecting 
defibrinated  blood  through  the  lungs  of  an  animal  just  killed.  We  have  also  observed 
that  an  injection  passes  through  the  lungs  as  easily  when  they  are  collapsed  as  when  they 
are  inflated.  The  anatomy  of  the  circulatory  system  in  the  lungs  and  of  the  right  side 
of  the  heart  shows  that  the  blood  must  pass  through  these  organs  with  comparative  fa- 
cility. The  power  of  the  right  ventricle  is  evidently  less  than  half  that  of  the  left,  and 
the  pulmonary  artery  will  sustain  a  much  less  pressure  than  the  aorta. 

The  two  sides  of  the  heart  act  simultaneously ;  and  at  the  same  time  that  the  blood 
is  sent  by  the  left  ventricle  to  the  system  it  is  sent  by  the  right  ventricle  to  the  lungs. 
Some  physiologists  have  endeavored  to  measure  the  pressure  of  blood  in  the  pulmonary 
artery.  The  only  experiments  which  have  not  involved  opening  the  thoracic  cavity,  an 
operation  which  must  interfere  materially  witli  the  pressure  of  blood  in  the  pulmonary 
artery,  as  it  does  with  the  general  arterial  pressure,  are  those  of  Chauveau  and  Faivre. 
These  observers  measured  the  pressure  by  connecting  a  cardiometer  with  a  trocar  intro- 
duced into  the  pulmonary  artery  of  a  living  horse  through  one  of  the  intercostal  spaces, 
and  found  it  to  be  about  one-third  as  great  as  the  pressure  in  the  aorta ;  an  estimate 
which  corresponds  pretty  nearly  with  the  comparative  power  of  the  two  ventricles,  as 
deduced  from  the  thickness  of  their  muscular  walls. 

Anatomy  teaches  us  that  the  capillaries  of  the  lungs  have  exceedingly  delicate  walls ; 
and  it  is  evident  that  rupture  of  these  vessels  from  excessive  action  of  the  heart  would 
lead  to  grave  results.  It  has  already  been  noted  that  on  the  right  side  the  lungs  are  pro- 
tected by  an  insufficiency  of  the  auriculo-ventricular  valves,  which  does  not  exist  on  the 
left  side,  allowing  a  certain  degree  of  regurgitation  when  the  heart  is  acting  with  un- 
usual force,  and  thus  relieving,  to  a  certain  extent,  the  pulmonary  system.  This  was 
pointed  out  by  Mr.  King,  of  London,  and  is  called  the  safety-valve  function  of  the  right 
ventricle.  We  have  noticed,  in  the  heart  of  the  ox,  a  similar  difference  between  the 
aortic  and  the  pultVionic  semilunar  valves.  If  these  be  exposed  on  both  sides  by  cutting 
away  portions  of  the  ventricles,  and  if  a  current  of  liquid  be  forced  against  them  through 
the  vessels,  the  aortic  valves  will  be  found  to  entirely  prevent  the  passage  of  the  liquid, 
even  under  very  great  pressure,  while  the  pulmonic  valves  permit  regurgitation  under 
a  comparatively  inconsiderable  force.    A  little  reflection  will  make  it  evident  that, 
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when  the  heart  is  acting  with  undue  vigor,  it  is  quite  as  important  to  relieve  the  lungs 
by  a  certain  amount  of  regurgitation  from  tlie  pulmonary  artery  as  by  insufficiency  of 
the  tricuspid  valves.  This  insufficiency  is  important,  both  at  the  auriculo-ventricular 
and  the  pulmonic  orifices,  in  protecting  the  delicate  structure  of  the  lungs  from  the  varia- 
tions in  force  to  which  the  action  of  both  ventricles  is  constantly  liable. 

On  microscopical  examination  of  the  circulation  in  the  lower  animals,  as  the  frog,  the 
movement  of  blood  in  the  capillaries  of  the  lungs  does  not  present  any  differences  from 
tlie  capillary  circulation  in  other  parts,  except  that  the  vessels  seem  more  crowded  with 
corpuscles  and  there  is  no  "  still  layer  "  next  their  walls. 

There  are  no  forces  of  any  importance  which  are  superadded  to  the  action  of  the 
right  ventricle  in  the  production  of  the  arterial,  capillary,  or  venous  circulation  in  the 
lungs ;  but  there  are  certain  conditions  which  may  obstruct  the  flow  of  blood  through 
these  parts.  We  have  already  noted  the  effect  of  introduction  of  air  into  the  veins  in 
blocking  up  the  capillaries  of  the  lungs  and  preventing  the  passage  of  blood.  It  is  a  view 
pretty  generally  entertained  that  in  asphyxia  the  non-aiiration  of  the  blood  obstructs  the 
pulmonary  circulation.  We  have  already  considered  this  subject  rather  fully  in  treating 
of  the  general  effects  of  arrest  of  respiration  on  the  circulation.  The  celebrated  experi- 
ments of  Bichat  demonstrated  the  passage  of  black  blood  through  the  lungs  in  asphyxia 
and  its  presence  in  the  arterial  system.  The  experiments  of  Dalton  and  others  have 
shown  that,  in  this  condition,  the  obstruction  to  the  circulation  occurs  first  in  the  sys- 
temic capillaries,  and  the  distention  is  propagated  backward  through  the  great  vessels 
and  the  left  cavities  of  the  heart  to  the  right  side.  When  the  heart  is  exposed  in  a  living 
animal  and  artificial  respiration  is  kept  up,  temporary  arrest  of  the  respiration  produces 
engorgement  and  labored  action  of  both  ventricles.  There  are  no  observations  which  show 
that  increase  of  pressure  in  the  pulmonary  artery  is  the  first  and  the  immediate  result 
of  asphyxia.  It  is  true  that,  after  death,  the  right  side  of  the  heart  is  engorged  ;  but  it 
is  weU  known,  from  observations  after  death  and  experiments  on  living  animals,  that  the 
tonic  contraction  of  the  arteries  is  competent  to  empty  the  blood  into  the  vems;  and 
the  facts  just  stated  regarding  the  insufficiency  of  the  pulmonic  semilunar  valves  explain 
how  the  right  side  of  the  heart  may  become  engorged  as  the  result  of  obstruction  to  the 
blood-current  in  the  left  side.  Established  facts  seem  to  show  that  asphyxia  does  not 
prunarOy  affect  the  pulmonary  circulation,  but  that  it  is  possible  for  venous  blood  to 
pass  through  the  lungs  without  undergoing  arterialization. 

Circulation  in  the  Walls  of  the  Eeart.-Th^  fact  that  the  contractions  of  the  muscu- 
lar walls  of  the  heart,  by  which  the  blood  is  discharged  from  the  ventricles  into  the 
great  arteries,  necessarily  compress  the  vessels  in  the  substance  of  the  heart  itself 
would  lead  us  to  expect  certain  peculiarities  in  the  cardiac  circulation.  This  question  has 
been  lately  studied  by  Lannelongue,  who  has  arrived  at  the  following  results : 

During  the  ventricular  systole,  which  discharges  the  blood  in  o  the  aorta,  the  ves 
in  the  substance  of  the  ventricles  are  nearly  empty,  and  the  vessels  m  the  -"-1- 
are  filled.   During  the  auricular  systole,  the  auricular  vessels  are  empty  and  tl^^  venti  icu- 
L  vessels  are  filled.    We  can  readily  understand  this  when  we  reflect  that  the  ve  sels 
in  the  substance  of  the  heart  must  be  compressed  when  the  musclar  fibres  contract. 

General  Bapidity  of  the  Circulation. 
Several  questions  of  considerable  physiological  interest  arise  in  connection  with  the 

^T1;:J:u;?^ ii;:r""determine,  if  possible  what  length  of  ti-^  occupied 
by  the  blood  in  its  passage  through  the  entire  circuit  of  both  the  lesser  and  the  gi  eater 

""""'^What  is  the  time  required  for  the  passflge  of  the  entire  mass  of  blood  through  the 
heart  ? 
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3.  What  influence  has  the  number  of  pulsations  of  the  heart  on  the  general  rapidity 
of  the  circulation  ? 

The  first  of  these  (luestions  is  the  one  which  has  been  most  satisfactorily  answered  by 
experiments  on  living  animals.  In  1827,  Bering,  a  German  physiologist,  performed  the 
experiment  of  injecting  into  the  jugular  vein  of  a  living  animal  a  harmless  substance, 
which  could  he  easily  recognized  by  its  chemical  reactions,  and  noted  the  time  which 
elapsed  before  it  could  be  detected  in  the  blood  of  the  vein  of  the  opposite  side.  This 
gave  the  first  correct  idea  of  the  rapidity  of  the  circulation ;  for,  although  the  older 
physiologists  had  studied  the  subject,  their  estimates  were  founded  on  calculations  which 
had  no  accurate  basis  and  gave  very  varied  results.  The  experiment  of  Ilering  is  often 
roughly  performed  as  a  physiological  demonstration ;  and  we  have  thus  had  frequent  oc- 
casions to  verify,  in  a  general  way,  its  accuracy.  If,  for  example,  we  expose  both  jugu- 
lars in  a  dog,  inject  into  one  a  solution  of  ferrocyanide  of  potassium  in  water,  and  draw 
a  specimen  of  blood  from  the  other  with  as  little  loss  of  time  as  possible,  it  will  be  found 
that,  within  twenty  or  thirty  seconds  after  the  injection,  the  salt  has  had  tune  to  pass 
from  the  jugular  to  the  right  heart,  thence  to  the  lungs  and  left  heart,  and  thence 
through  the  capillaries  of  the  head  and  face  back  to  the  jugular  on  the  opposite  side. 
Its  presence  can  be  determined  by  the  distinct  blue  color  produced  on  the  addition  of 
the  perchloride  of  iron  to  the  serum,  if  the  specimen  be  allowed  to  stand,  or  a  clear  ex- 
tract of  the  blood  may  be  made  by  boilmg  with  a  little  sulphate  of  soda  and  filtering, 
treating  the  colorless  liquid  thus  obtained  with  the  salt  of  iron.  In  making  the  test  of 
the  blood-extract  or  serum,  the  addition  of  a  drop  of  nitric  acid  before  the  perchloride  of 
iron  is  added  will  render  the  blue  reaction  much  more  prompt  and  distinct  if  the  ferro- 
cyanide be  present. 

The  experiments  of  Hering  were  evidently  conducted  with  great  care  and  accuracy. 
He  drew  the  blood  at  intervals  of  five  seconds  after  the  commencement  of  the  injection, 
and  thus,  by  repeated  observations,  ascertained  pretty  nearly  the  rapidity  of  a  circuit  of 
blood  in  the  animals  on  which  he  experimented.  Others  have  taken  up  these  investiga- 
tions and  introduced  some  modifications  in  the  manipulations.  Vierordt  collected  the 
blood  as  it  flowed,  in  little  vessels  fixed  on  a  disk  revolving  at  a  known  rate,  which  gave 
more  exactness  to  the  observations ;  but  this  method  is  essentially  the  same  as  that  em- 
ployed by  Hering,  and  the  results  obtained  by  these  two  observers  nearly  correspond. 

The  length  of  time  occupied  by  a  portion  of  blood  in  making  a  complete  circuit  of 
the  vascular  syetem,  in  the  human  subject,  is  only  to  be  deduced  from  observations  on 
the  inferior  animals ;  but,  before  this  application  is  made,  it  will  be  well  to  examine  the 
objections,  if  any  exist,  to  the  experimental  procedure  above  described. 

The  only'objection  which  could  be  made  is,  that  a  saline  solution,  introduced  into  the 
torrent  of  the  circulation,  would  have  a  tendency  to  diffuse  itself  throughout  the  whole 
mass  of  blood,  it  might  be,  with  considerable  rapidity.  This  objection  to  the  observa- 
tions of  Hering  has  been  made  by  Matteucci  and  is  considered  by  him  as  fatal  to  their 
accuracy.  It  certainly  is  an  element  which  should  be  taken  into  account ;  but,  from  the 
definite  data  which  have  been  obtained  concerning  the  rapidity  of  the  arterial  circula- 
tion and  the  inferences  which  are  unavoidable  with  regard  to  the  rapidity  of  the  venous 
circulation,  it  would  seem  that  the  saline  solution  must  be  carried  on  by  the  mere  rapid- 
ity of  the  arterial  flow  to  the  capillaries,  which  are  very  short,  taken  up  from  them,  and 
carried  on  by  the  veins,  and  thus  through  the  entire  circuit,  before  it  has  had  time  to 
dilfuse  itself  to  any  considerable  extent.  It  is  not  apparent  how  this  objection  can  be 
overcome,  for  a  substance  must  be  used  which  wOl  mix  with  the  blood,  otherwise  it 
could  not  pass  through  the  capillaries. 

There  seems  no  reason  why,  with  the  above  restrictions,  the  results  obtained  by 
Hering  should  not  be  accepted,  and  their  application  be  made  to  the  human  subject. 

Hering  found  that  the  rapidity  of  the  circulation  in  different  animals  was  in  inverse 
ratio  to  their  size  and  in  direct  ratio  to  the  rapidity  of  the  action  of  the  heart. 
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The  following  are  the  mean  results  in  certain  of  the  domestic  animals,  taking  the 
course  from  jugular  to  jugular,  when  the  blood  passes  through  the  lungs  and  through  the 
capillaries  of  the  face  and  head : 

In  the  Horse,  the  circulation  is  accomplished  m  27-3  seconds. 
"     Dog,  "  "  lB-2  " 

"     Goat,  "  "  12-8  " 

"     Rabbit,  "  "  6-9  " 

Applying  these  results  to  tlie  human  subject,  taking  into  account  the  size  of  the  body 
and  the  rapidity  of  the  heart's  action,  the  duration  of  the  circuit  from  one  jugular  to 
the  other  may  be  estimated  at  21-4  seconds,  and  the  general  average  tlirough  the  entire 
system,  at  23  seconds.  This  is  simply  approximative ;  but  the  results  in  the  inferior  ani- 
mals may  be  received  as  very  nearly,  if  not  entirely  accurate. 

Estimates  of  the  time  required  for  the  passage  of  the  whole  mass  of  blood  througli 
the  heart  are  even  less  definite  than  the  estimate  of  the  general  rapidity  of  the  circula- 
tion. To  arrive  at  any  satisfactory  result,  it  is  necessary  to  know  the  entire  quantity  of 
blood  in  the  body  and  the  exact  quantity  which  passes  through  the  heart  at  each  pulsa- 
tion. If  we  divide  the  whole  mass  of  blood  by  the  quantity  discharged  from  the  heart 
with  each  ventricular  systole,  we  ascertain  the  number  of  pulsations  required  for  the 
passage  of  the  whole  mass  of  blood  through  the"  heart ;  and,  knowing  the  number  of 
beats  per  minute,  we  can  ascertain  the  length  of  time  thus  occupied.  The  objection  to 
this  kind  of  estimate  is  the  inaccuracy  of  the  data  respecting  the  quantity  of  blood  m 
the  system  as  well  as  the  quantity  which  passes  through  the  heart  with  each  pulsation. 
Nevertheless,  an  estimate  can  be  made,  which,  if  it  be  not  entirely  accurate,  cannot  be 

very  far  from  the  truth.  .11,1       +1 , 

The  entire  quantity  of  blood,  accordmg  to  estimates  which  seem  to  be  based  on  the 
most  reliable  data,  is  about  one-eighth  the  weight  of  the  body,  or  eighteen  pounds,  m  a 
man  weighing  one  hundred  and  forty-four.  The  quantity  discharged  at  each  ventricular 
systole  is  estimated  by  Valentin  at  five  ounces,  and  by  Volkmann,  at  six  oimces  In 
treating  of  the  capacity  of  the  different  cavities  of  the  heart,  it  has  been  noted  that  the 
left  ventricle,  when  fully  distended,  contains  from  five  to  seven  ounces  Assuming  tha  , 
at  each  systo  e  the  left  ventricle  discharges  all  its  blood,  except  perhaps  a  few  drops 
L  that  this  quantity  in  an  ordinary-sized  man  is  five  ounces  (for  in  the  estimates  of 
Eobin  and  HiLsheii  the  cavities  were  fully  distended,  and  contained  more  than  under 
fhe  Linary  condition's  of  the  circulation),  it  would  require  fifty-eight  P^lf --f 
passage  through  the  heart  of  the  entire  mass  of  blood.  Assuming  the  pulsations  to  be 
seventy-two  per  minute,  this  would  occupy  about  forty-eight  seconds. 

The  ahnort  instantaneous  action  of  certain  poisons,  which  must  act  through  the  blood, 
confi^ltr  ideas  with  regard  to  the  rapidity  of  the  ci-lation.    The  1^^^^^^  between 

prod  ce  .  oo,Tc.po.di„B  accc-leration  of  tl,e  ge„.r.l  cmT,»t  of  blood    Bu  to  .B  a  ,„  0 
LioE  which  cannot  bo  taken  for  granted  ;  and  '''f '  rf  S^ 
tr„.  opinion.    U  Z^^tZ:^^^^^^^^^^'""^'^^ 
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actually  increase  the  rapidity  of  the  circulation.  Ilering  lias  settled  these  questions  ex- 
perimentally. His  observations  were  made  on  horses,  by  increasing  the  frequency  of 
the  pulse,  on  the  one  hand,  physiologically,  by  exercise,  and  on  the  other  hand,  patho- 
logically, 'by  inducmg  inflammatory  action.  He  found,  in  the  first  instance,  tliat,  in  a 
ho°rse,  with  the  heart  beating  at  the  rate  of  thirty-six  per  minute,  with  eight  respiratory 
acts,  ferrocyanide  of  potassium  injected  into  the  jugular  appeared  m  the  vessel  on  the 
opposite  side  after  an  interval  of  from  twenty  to  twenty-five  seconds.  By  exercise,  the 
number  of  pulsations  was  raised  to  one  hundred  per  minute,  and  the  rapidity  of  tho  cir- 
culation was  from  fifteen  to  twenty  seconds.  The  observations  were  made  with  an 
interval  of  twenty-four  hours.  The  same  results  were  obtained  in  other  experiments. 
Here  there  is  a  considerable  mcrease  in  the  rapidity  of  the  circulation  following  a  physio- 
logical increase  in  the  number  of  beats  of  the  heart ;  but  the  value  of  each  beat  is  materi- 
ally dunmished;  otherwise,  the  rapidity  of  the  current  would  be  increased  about  three 
times,  as  the  pulse  became  three  times  as  frequent.  In  its  tranquil  action,  with  the  pulse 
at  thirty-six,  the  heart  contracted  thirteen  times  during  one  circuit  of  blood;  while  it 
required  twenty-nine  pulsations  to  send  the  blood  over  the  same  course,  after  exercise, 
with  the  pulse  at  one  hundred ;  showing  a  diminution  in  the  value  of  the  ventricular  sys- 
tole of  more  than  one-half.  In  animals  sufifering  under  inflammatory  fever,  either  spon- 
taneous or  produced  by  irritants,  the  same  observer  found  a  diminution  in  the  rapidity 
of  the  circulation,  accompanying  acceleration  of  the  pulse.  In  one  observation,  inflam- 
mation was  produced  in  the  horse  by  the  injection  of  ammonia  into  the  pericardium.  At 
the  commencement  of  the  experiment,  the  pulse  was  from  seventy-two  to  eiglity-four 
per  minute,  and  the  duration  of  the  circulation  was  about  twenty-five  seconds.  The  next 
day,  with  the  pulse  at  ninety,  the  circulation  was  accomplished  in  from  thirty-five  to 
forty  seconds;  and  the  day  following,  with  the  pulse  at  one  hundred,  the  rapidity  of  the 
circulation  was  diminished  to  from  forty  to  forty-five  seconds. 

If  we  be  justified  in  applying  the  above-mentioned  observations  to  the  human  subject 
(and  there  is  no  reason  why  this  should  not  be  done),  it  is  shown  that,  when  the  pulse  is 
accelerated  in  disease,  the  value  of  the  contractions  of  tlie  heart,  as  represented  by  the 
quantity  of  blood  discharged,  bears  an  inverse  ratio  to  their  number  and  is  so  much 
diminished  as-absolutely  to  produce  a  current  of  less  rapidity  than  normal. 

With  regard  to  the  relations  between  the  rapidity  of  the  heart's  action  and  the  gen- 
eral rapidity  of  the  circulation,  the  following  conclusions  may  be  given  as  the  results  of 
experimental  inquiry : 

1.  In  physiological  increase  in  the  number  of  beats  of  the  heart,  as  the  result  of  exer- 
cise, for  example,  the  general  circulation  is  somewhat  increased  in  rapidity,  though  not 
in  proportion  to  the  increase  in  the  pulse. 

2.  In  pathological  increase  of  the  heart's  action,  as  in  febrile  movement,  the  rapidity 
of  the  general  circulation  is  generally  diminished,  it  may  be,  to  a  very  great  extent. 

3.  Whenever  the  number  of  beats  of  the  heart  is  considerably  increased  from  any 
cause,  the  quantity  of  blood  discharged  at  each  ventricular  systole  is  very  much  dimin- 
ished, either  from  lack  of  complete  distention  or  from  imperfect  emptying  of  the  cavities. 

Phenomena  in  the  Circulatory  System  after  Death. — We  do  not  believe  that  any  one 
has  proven  the  existence  of  a  force  in  the  capillaries  or  the  tissues  (capillary  power)  which 
materially  assists  the  circulation  during  life  or  produces  any  movement  immediately  after 
death ;  and  we  shall  not,  therefore,  discuss  the  extraordinary  post-mortem  phenomena 
of  circulation,  particularly  those  which  have  been  observed  by  Dr.  Dowler  in  subjects 
dead  of  yellow  fever.  But  nearly  every  autopsy  shows  that,  after  death,  the  blood  does 
not  remain  equally  distributed  in  the  arteries,  capillaries,  and  veins.  Influenced  by 
gravitation,  it  accumulates  in  and  discolors  the  most  dependent  parts  of  the  body.  The 
arteries  are  always  found  empty,  and  all  the  blood  in  the  body  accumulates  in  the  venous 
system  and  capillaries;  a  fact  which  was  observed  by  the  ancients  and  gave  rise  to  tho 
8 


I 


114 


EESPIRATION. 


belief  that  tlie  arteries,  as  their  name  implies,  were  air-bearing  tubes.  This  has  long 
engaged  the  attention  of  physiologists,  who  have  attempted  to  explain  it  by  various 
theories.  "Without  discussing  the  views  on  this  subject  anterior  to  our  knowledge  of  the 
great  contractile  power  of  the  arteries  as  compared  witli  other  vessels,  we  may  cite  the 
following  experiment  of  Magendie  as  ottering  a  satisfactory  explanation.  If  the  artery 
and  vein  of  a  hmb  be  exposed  in  a  living  animal  and  all  the  other  vessels  be  tied,  com- 
pression of  the  artery  does  not  immediately  arrest  the  current  in  the  vein,  but  the  blood 
will  continue  to  flow  until  the  artery  is  entirely  emptied.  The  artery,  when  relieved 
from  the  distending  force  of  the  heart,  reacts  on  its  contents  by  virtue  of  its  contractile 
coat  and  completely  empties  itself  of  blood.  An  action  similar  to  this  takes  place  after 
death  throughout  the  entire  arterial  system.  The  vessels  react  on  their  contents  and 
gradually  force  all  the  blood  into  and  through  the  capillaries,  which  are  very  short,  to 
the  veins,  which  are  capacious,  distensible,  and  but  slightly  contractile.  This  begins 
immediately  after  death,  while  the  irritabihty  of  the  muscular  coat  of  the  arteries  remains, 
and  is  seconded  by  the  subsequent  cadaveric  rigidity,  which  affects  all  the  involuntary, 
as  well  as  the  voluntary  muscular  fibres.  Once  in  the  venous  system,  the  blood  cannot 
return  on  account  of  the  valves.  Thus,  after  death,  the  blood  is  found  in  the  veins  and 
capillaries  of  dependent  parts  of  the  body. 


CHAPTER  IV. 

RESPIRATION-RESPIBATOBY  MOVEMENTS. 

General  consideraHons-Physioloffical  anatomy  of  the  respiratory  organ8--EeBpiratory  movements  of  the  larynx- 
Epiglottis-Trachea  and  bronchial  tubes-Parenchyma  of  the  lungs-Movements  of  resp.ration-Insp  ration- 
Muscles  of  inspiration-Expiration-Influence  of  the  elasticity  of  the  pulmonary  structure  and  walls  of  the  chest 
upon  expiration-Muscles  of  expiration-Action  of  the  abdominal  muscles  m  expiration-Types  of  rcsp,rat,on- 
Frequency  of  the  respiratory  movements-Kelations  of  inspiration  and  expu-ahon  to  each  other-The  respiratory 
sounds-Capacity  of  the  lungs  and  the  quantity  of  au-  changed  in  the  respiratory  acts-Eesidual  ^^-Ees  r  « 
^Tidal,  or  breathing  air-Complemental  air-Extreme  breathing  copacity-Eelat.ons  m  volume  of  the  ex-pired 
to  the  inspired  air— Dififusion  of  air  in  the  lungs. 

The  characters  of  the  blood  are  by  no  means  identical  in  the  three  great  divisions  of 
the  vascular  system ;  but  physiologists  have  thus  far  been  able  to  investigate  only  the  dif- 
ferences which  exist  between  arterial  and  venous  blood,  for  the  capillaries  are  so  short 
communicating  directly  with  the  arteries  on  the  one  side  and  the  veins  on  the  other  that 
it  is  impossible  to  obtain  a  specimen  of  true  capillary  blood.  In  the  capillaries,  how- 
ever, the  nutritive  fluid,  which  is  identical  in  all  parts  of  the  arterial  system  under- 
goes a  remarkable  change,  which  renders  it  unfit  for  nutrition.  Thus  modified  it  is 
known  as  venous  blood;  and,  as  we  have  seen,  the  only  oflice  of  the  vems  is  to 
carry  it  back  to  the  right  side  of  the  heart,  to  be  -^^^V  Zli 'sunnlv"  of 

the  vitiating  materials  it  has  collected  in  the  tissues,  takes  m  a  f  esli  supply  of 
oxygen,  and  goes  to  the  left,  or  systemic  heart,  agam  prepared  for  nutrition  As  the 
processes  of  nutrition  vary  in  different  parts  of  the  organism  there  are  of  ne  e s  ity  cor- 
responding variations  in  the  composition  of  the  blood  throughout  the  venous  sy  tern. 

The  important  principles  which  are  given  off  by  the  lungs  are  ^^^^^-^  f™-  *;- 
blood;  and  the  gas  which  disappears  from  the  air  is  absorbed  by  the  blood,  mainly  by 

its  corpuscular  elements.  .  .  ,  „„mT.nr!i 

A  proper  supply  of  oxygen  is  indispensable  to  nutrition  and  even  to  the  compara- 
tivety-m^ehanicr'procesB S  circulation ;  but  it  is  no  less  necessary  to  t  -  nutritive  pro- 
cesses that  carbonic  acid,  which  the  blood  acquires  in  the  tissues,  should  be  g'^  en  off 

Respiration  may  be  defined  strictly  as  the  process  by  which  the  various  tissues  and 
organs  receive  and  appropriate  oxygen. 
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As  it  is  almost  exclusively  through  the  blood  that  the  tissues  and  organs  are  supplied 
with  oxygen,  and  as  the  blood  receives  and  exhales  most  of  the  carbonic  acid,  the  respira- 
tory process  may  be  said  to  consist  chiefly  in  the  change  of  venous  into  arterial  blood. 
But  experiments  have  demonstrated  that  the  tissues  themselves,  detached  from  the  body 
and  placed  in  an  atmosphere  of  oxygen,  will  absorb  this  gas  and  exhale  carbonic  acid. 
Under  these  circumstances,  they  certainly  respire ;  and  it  is  evident,  therefore,  that,  in 
this  process,  the  intervention  of  the  blood  is  not  an  absolute  necessity. 

The  tide  of  air  in  the  lungs  does  not  constitute  respiration,  as  we  now  understand  it. 
These  organs  merely  serve  to  facilitate  the  introduction  of  oxygen  into  the  blood  and  the 
exhalation  of  carbonic  acid.  If  the  system  be  drained  of  blood,  or  if  the  blood  be 
rendered  incapable  of  interchangmg  its  gases  with  the  aii-,  respiration  ceases,  and  all  the 
phenomena  of  asphyxia  are  presented,  although  air  be  introduced  into  the  lungs  with 
perfect  regularity.  It  must  be  remembered  that  the  essential  processes  of  respiration 
take  place  in  all  the  tissues  and  organs  of  the  system  and  not  in  the  lungs.  Respiration 
is  a  process  similar  to  what  are  known  as  the  processes  of  nutrition ;  and,  although  it  is 
much  more  active  and  uniform  than  the  ordinary  nutritive  acts,  it  is  inseparably  con- 
nected with,  and  strictly  a  part  of  the  general  process.  As,  in  the  nutrition  of  the  sub- 
stance of  tissues,  the  nitrogenized  principles  of  the  blood  united  with  inorganic  matters 
are  used  up,  transformed  into  the  tissue  itself,  finally  changed  into  excrementitious  prod- 
ucts, such  as  urea  or  cholesterine,  and  discharged  from  the  body,  so  the  oxygen  of  the 
blood  is  appropriated,  and  carbonic  acid,  which  is  an  excrementitious  product,  is  produced, 
whenever  tissues  are  worn  out  and  regenerated.  There  is  a  necessary  and  inseparable 
connection  between  all  these  processes;  and  they  must  be  considered,  not  as  distinct 
functions,  but  as  difi"erent  parts  of  the  one  great  function  of  nutrition.  As  we  are  as 
yet  unable  to  follow  out  all  the  intermediate  changes  which  take  place  between  the 
appropriation  of  nutritive  materials  from  the  blood  and  the  production  of  effete  or  ex- 
crementitious substances,  it  is  impossible  to  say  precisely  how  oxygen  is  used  by  the 
tissues  and  how  carbonic  acid  is  produced.  We  only  know  that  more  or  less  oxy- 
gen is  necessary  for  the  nutrition  of  all  tissues,  in  all  animals,  high  or  low  in  the  scale, 
and  that  the  tissues  produce  a  certain  quantity  of  carbonic  acid.  The  fact  that  oxygen  is 
consumed  with  much  greater  rapidity  than  any  other  nutritive  principle  and  that  the 
production  of  carbonic  acid  is  correspondingly  active,  as  compared  with  other  effete 
products,  points  pretty  conclusively  to  a  connection  between  the  absorption  of  the  one 
principle  and  the  production  of  the  other. 

In  some  of  the  lowest  of  the  inferior  animals,  there  is  no  special  respiratory  organ, 
the  interchange  of  gases  being  effected  through  the  general  surface.  Higher  in  the  ani- 
mal scale,  special  organs  are  found,  which  are  called  giUs  when  the  animals  live  under 
water  and  respire  the  air  which  is  in  solution  in  the  water,  and  lungs  when  the  air  is 
introduced  in  a  gaseous  form.  Animals  possessed  of  lungs  have  a  tolerably-perfect  cir- 
culatory apparatus,  so  that  the  blood  is  made  to  pass  continually  through  the  respiratory 
organs.  In  the  human  subject  and  the  warm-blooded  animals  generally,  the  lungs  are 
very  complex  and  present  an  immense  surface  by  which  the  blood  is  exposed  to  the  air, 
separated  from  it  simply  by  a  delicate  and  permeable  membrane.  These  animals  are  like- 
wise provided  with  a  special  heart,  which  has  the  fonction  of  carrying  on  the  pulmonary 
circulation.  Although  respiration  is  carried  on  to  some  extent  by  the  general  surface,  the 
lungs  are  the  important  and  essential  organs  in  which  the  interchange  of  gases  takes  place. 

The  essential  conditions  for  respiration  in  animals  which  have  a  circulating  nutritive 
fluid  are :  air  and  blood,  separated  by  a  membrane  which  will  allow  the  passage  of  gases. 
The  effete  products  of  respiration  in  the  blood  pass  out  and  vitiate  the  air.  The  air  is 
deprived  of  a  certain  portion  of  its  oxygen,  which  passes  into  the  blood,  to  he  conveyed 
to  the  tissues.  Thus  the  air  must  bo  changed  to  supply  fresh  oxygen  and  get  rid  of  the 
carbonic  acid.  The  rapidity  of  this  change  is  in  proportion  to  the  nutritive  activity  of 
the  animal  and  the  rapidity  of  the  circulation  of  the  blood. 
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In  treating  in  detail  of  the  function  of  respiration,  it  will  be  convenient  to  make  the 
following  division  of  the  subject : 

1.  The  mechanical  phenomena  of  respiration ;  or  the  processes  by  which  the  fresh  air 
is  introduced  into  the  lungs  (inspiration),  and  the  vitiated  air  is  expelled  (expiration). 

2.  The  changes  which  the  air  undergoes  in  respiration. 

3.  The  changes  which  the  blood  undergoes  in  respiration. 

4.  The  relations  of  the  consumption  of  oxygen  and  the  production  of  carbonic  acid  to 
the  general  process  of  nutrition. 

5.  The  respiratory  sense ;  a  want,  on  the  part  of  the  system,  which  induces  the  re- 
spiratory acts  (besoin  de  respirer). 

6.  Cutaneous  respiration. 

7.  Asphyxia. 

The  study  of  these  questions  will  be  facilitated  by  a  brief  consideration  of  some 
points  in  the  anatomy  of  the  respiratory  organs. 

Physiological  Anatomy  of  the  Respiratory  Organs. 

Passing  backward  from  the  mouth  to  the  pharynx,  two  openings  are  observed; 
a  posterior  opening,  which  leads  to  the  oesophagus,  and  an  anterior  opening,  the  opening 
of  the  larynx,  which  is  the  commencement  of  the  passages  devoted  exclusively  to  respi- 
ration. The  structure  of  the  oesophagus  and  of  the  air-tubes  is  entirely  different.  The 
oesophagus  is  flaccid  and  destined  to  receive  and  convey  to  the  stomach  the  articles  of 
food,  which  are  introduced  by  the  constrictions  of  the  muscles  above.  The  trachea  and 
its  ramifications  are  exclusively  for  the  passage  of  air,  which  is  taken  in  by  a  suction 
force  produced  by  the  enlargement  of  the  thorax.  The  act  of  inhalation  requires  that 
the  tubes  should  be  kept  open  by  walls  sufficiently  rigid  to  resist  the  external  pressure 

of  the  air.  i,  •  i  -4.  ■ 

Beginning  our  description  with  the  larynx,  it  is  seen  that  the  cartilages  ot  which  it  is 
composed  are  sufficiently  rigid  and  unyielding  to  resist  the  pressure  produced  by  anym- 
spiratory  efltort.  Across  its  superior  opening  are  the  vocal  chords,  which  are  four  in  num- 
ber and  have  a  direction  from  before  backward.  The  two  superior  are  called  the  false  vocal 
chords,  because  they  are  not  concerned  in  the  production  of  the  voice.  The  two  inferior 
are  the  true  vocal  chords.  They  are  ligamentous  bands  covered  by  folds  of  mucous  mem 
brane,  which  is  quite  thick  on  the  superior  chords  and  very  thin  and  delicate  on  the  in- 
ferior. Anteriorly,  they  are  attached  to  a  fixed  point  between  the  thyroid  cartilages,  and 
posteriorly,  to  the  movable  arytenoid  cartilages.  Air  is  admitted  to  the  trachea  through 
an  opening  between  the  chords,  which  is  called  the  rima  glottidis.  Little  muscles,  arising 
from  the  thyroid  and  cricoid  and  attached  to  the  arytenoid  cartilages,  are  capable  of 
separating  and  approximating  the  points  to  which  the  vocal  chords  are  attached  posteri- 
orly, so  as  to  open  and  close  the  rima  glottidis. 

if  the  glottis  be  exposed  in  a  living  animal,  certain  regular  movements  are  presented, 
which  are  synchronous  with  the  acts  of  respiration.    The  larynx  is  opened  at  ^^^J^^f't 
tion  by  the  action  of  the  muscles  referred  to  above,  so  that  the  air  has  a  free  entrance  o 
the  trachea.    At  the  termination  of  the  inspiratory  act,         ^^^^^ -^^^^^^^^ 
vocal  chords  fall  together  by  their  own  elasticity,  and,  in  expiration,  the  chmk  of  he 
glottis  returns  to  the  condition  of  a  narrow  slit.    These  -^P-t-^ n^^^^^^^^^^  " 
ilottis  are  constant  and  are  essential  to  the  introduction  of  air  m  P^^P*^^' f^^^^^J^J^f^ 
fungs.    The  expulsion  of  air  from  the  lungs  is  rather  a  passive  process  ^id  t  nds  m  it 
self  to  separate  the  vocal  chords;  but  inspiration,  which  is  active  '^"'^ -«-;;f^f^,"^  J^^ 
it  not  for  the  movements  of  the  glottis,  would  have  a  tendency  to  * 
together.    The  muscles  which  are  concerned  in  producing  these  ^^^''"^'^^X^'^ ^^^^^ 
bv  the  inferior  laryngeal  branches  of  the  pneumogastric  nerves.    I^  ^^^^^^^^^^ 
divided,  the  movements  of  the  glottis  are  arrested,  and  respiration  is  very  seiiously  mtoi 
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fered  with.  This  is  particularly  marked  in  yonng  animals,  in  which  the  walls  of  the 
larynx  are  comparatively  yielding,  when  the  operation  is  frequently  followed  by  immedi- 
ate death  from  suffocation.  The  movements  of  the  glottis  enable  us  to  understand  how 
foreit^n  bodies  of  considerable  size  are  sometimes  accidentally  introduced  into  the  air- 
passages.  The  respiratory  movements  of  the  larynx  are  entirely  distinct  from  those  con- 
cerned in  the  production  of  the  voice  and  are  simply  for  the  purpose  of  facilitating  the 
entrance  of  air  in  respiration. 

Attached  to  the  anterior  portion  of  the  larynx,  is  the  epiglottis,  a  little,  leaf-shaped 
lamella  of  fibro-cartilage,  which,  during  ordinary  respiration,  projects  upward  and  lies 
against  the  posterior  portion  of  the  tongue.  During  the  act  of  deglutition,  respiration  is 
momentarily  interrupted,  and  the  air-passages  are  protected  by  the  tongue,  which  presses 
backward,  carrying  the  epiglottis  before  it  and  completely  closing  the  opening  of  the 


Fig.  35. —  Trachea  and  bronchial  tubes.  (Sappoy.) 
1,  2,  larynx;  8,8,  trachea;  4,  bifiircation  of  the  trachea;  5,  riffht  bronchus;  G,  left  bronchus;  7,  bronchial  division  to 
the  upper  lobe  of  the  ri^ht  lang;  8,  division  to  the  middle  lobe;  !),  division  to  the  lower  lobe :  10.  division  to 
the  upper  lobe  of  the  left  lung;  11,  division  to  the  lower  lobe;  12,  12,  12,  12,  ultimate  ramifications  of  the 
bronchi;  V4, 13, 13, 13,  lungs,  represented  in  contour;  14, 14,  summit  of  the  lungs;  10,  15,  base  of  the  lungs. 


larynx.  Physiologists  have  questioned  whetlier  the  epiglottis  be  necessary  to  the  com- 
plete protection  of  the  air-passages ;  and,  repeating  the  experiments  of  Magendie,  it  has 
been  frequently  removed  from  the  lower  animals  without  apparently  interfering  with  the 
proper  deglutition  of  solids  or  liquids.  We  have  been  satisfied,  from  actual  experiment, 
that  a  dog  will  swallow  liquids  and  solids  immediately  after  the  ablation  of  the  epiglottis, 
without  allowing  any  to  pass  into  the  trachea ;  hut  it  becomes  a  question  whether  this 
experiment  can  be  absolutely  applied  to  the  human  subject.    In  a  case  of  loss  of  the 
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entire  epiglottis,  which  was  observed  in  the  Bellevue  Hospital,  the  patient  experienced 
slight  difficulty  in  swallowing,  from  the  passage  of  little  particles  into  the  larynx,  which 
produced  cough.  This  case  seemed  to  show  that  the  presence  of  the  epiglottis,  in  the 
human  subject  at  least,  is  necessary  to  the  complete  protection  of  the  air-passages  in 
deglutition. 

Passing  down  the  neck  from  the  larynx  toward  the  lungs,  is  a  tube,  from  four  to  four 
and  a  half  inches  in  length  and  about  three-quarters  of  an  inch  in  diameter,  which  is 
called  the  trachea.  It  is  provided  with  cartilaginous  rings,  from  sixteen  to  twenty  in 
number,  which  partially  surround  the  tube,  leaving  about  one-third  of  its  posterior  por- 
tion occupied  by  fibrous  tissue  mixed  with  a  certain  number  of  non-striated  muscular 
fibres.  Passing  into  the  chest,  the  trachea  divides  into  the  two  primitive  bronchi,  the 
right  being  shorter,  larger,  and  more  horizontal  than  the  left.  These  tubes,  provided,  like 
the  trachea,  with  imperfect  cartilaginous  rings,  enter  the  lungs,  divide  and  subdivide,  until 
the  minute  ramifications  of  the  bronchial  tree  open  directly  into  the  air-cells.  After 
penetrating  the  lungs,  the  cartilages  become  irregular  and  are  in  the  form  of  oblong, 
angular  plates,  which  are  so  disposed  as  to  completely  encircle  the  tubes.  In  tubes  of 
very  small  size,  these  plates  are  less  numerous  than  in  the  larger  bronchi,  until,  in  tubes 
of  a  less  diameter  than     of  an  inch,  they  are  lost  altogether. 


Fig  Sil— Lungs,  anterior  view.  (Sappcy.)  ^  „•  ,     ,  r 

„  ,  .  s  /lasnrp  ■  4  notcli  correnixmc! iiu]  to  thf  apex  of  tM  heart ;  n. 

,pper  loU  of  the  left  lung;  2,  lj,cer  lobe ;  9../im><re;  W,.f!m,re;  11, 

'pericardium;  fi,«W«r  .  'f J  ''/^*  A^^^^^^^  15.  process  of nttach- 

"hi  m'c';{l!;:rjw'rt',;CPiaJL"\^"l«^  vil-B;  n,  n,  trausvcrsalc.  .nuscles-,  IS,  Unca  aiba. 
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1  1  ..^.inininl  tnhos  aro  composed  of  two  distinct  ineni' 
The  walls  of  the  *-«^-;;teteen  tt^;;,;"   whil  the  cartilages  are  situated, 
Lranes ;  an  external  membrane,  ^'''^''l;^^^^^^  i,  composed  of  inelastic  and 

and  a  lining  nmco..  mem  ran.    ^  -xt;-l  -  ^J^^^^^^ 

elastic  fibrous  tissue.    1  ostenoU) ,  m  i    J  involuntary  muscular  fibres,  which 

fibresare  mixed  withace— 

existm  twolayers;  a  hick«  ^^^^^.^^  of  muscular  fibres  is  sometimes 

longitudinal  layer  which   s  e^*^^"^^^^^^  .^^  of  bronchial  tubes,  there 

called  the  tracheahs  muscle.    Ihioughout       ^^^^^"^  J  membrane,  with  a 

are  circular  fascicuU  of  -scular  fibres  l^ng  tbe --^^^  ^^^^^^^^  ^^^^^^ 

number  of  longitudmal  elastic  f  ^j''''^','    i^^,  the  cartUaginous  rings,  and 

in  tubes  less  than  ,V  of  an  mch  in  '^--  ^^^^on.f  so  closely  that  they  can  no 

the  external  and  the  mucous  membranes  become  '''J'^''^^^^ 

longer  be  separated  by  dissection,  circito^niuscu  a^^^^^^^  ^^^^^^^^^ 

cells.  The  mucous  membrane  is  smooth  «°7^^]'[^'^^^;^f^^f,a  with  numerous  mucous 
of  the  cilia  being  always  from  withm  outward,  ^^'l^*/  ^^^.^^^  of  considerable 
glands.    These  glands  are  of  the  racemose  ^^^^i;^^;^^^^^^^^      on  the  posterior 

of  an  inch  in  diameter. 


■Fig.  ri.-Bronchi  and  hmgs,  posterior  ^iew.   (Sappey.)  7„i. 

It  is  the  anatomy  of  the  parenchyma  of  the  lungs  which  possesses  the  most  physio- 
logical interest,  for  here  the  essential  processes  of  respiration  talce  pkce.    When  mod- 
erately inflated,  the  lungs  have  the  appearance  of  irregu  ar  cones  with  rounded  apice 
and  concave  bases  resting  upon  the  diaphragm.    They  hll  all  of  the  cavity  of  the  che 
which  is  not  occupied  by  the  heart  and  great  vessels,  and  are  completely  separated  from 
each  other  by  the  mediastinum.    In  the  human  subject,  the  lungs  aro  not  attached  to  the 
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which  are  from  -jItj  to 


thoracic  walls,  but  are  closely  applied  to  them,  each  covered  by  a  reflection  of  the  serous 
iiiembraue  which  lines  the  cavity  of  the  corresponding  side.  Thus  they  necessarily  fol- 
low the  movements  of  expansion  and  contraction  of  the  thorax.  Deep  fissures  divide 
the  right  lung  into  three  lobes  and  the  left  lung  into  two.  The  surface  of  the  lungs  is 
divided  into  irregularly-polygonal  spaces,  from  }  of  an  inch  to  an  incli  in  diameter, 
which  mark  what  are  sometimes  called  the  pulmonary  lobules;  although  this  term  is  in- 
correct, as  each  of  these  divisions  includes  quite  a  number  of  the  true  lobules. 

Following  out  the  bronchial  tubes  from  the  diameter  of  of  an  inch,  tlie  smallest, 
of  an  inch  in  diameter,  open  into  a  collection  of  oblong  vesicles, 
which  are  the  air-cells.  Each  collection 
of  vesicles  constitutes  one  of  the  true  pul- 
monary lobules  and  is  from  to  -j^  of 
an  inch  in  diameter.  After  entering  the 
lobule,  the  tube  forms  a  sort  of  tortuous 
central  canal,  sending  off  branches  which 
terminate  in  groups  of  from  eight  to  fif- 
teen pulmonary  cells.  The  cells  are  a 
little  deeper  than  they  are  wide  and  have 
each  a  rounded,  blind  extremity.  Some 
are  smooth,  but  many  are  marked  by 
little  circular  constrictions,  or  rugaa.  In 
the  healthy  lung  of  the  adult,  after  death, 
they  measure  from  to  or  of  an 
inch  in  diameter,  but  are  capable  of  very 
great  distention.  The  smallest  cells  are 
in  the  deep  portions  of  the  lungs,  and  the 
largest  are  situated  near  the  surface. 
There  are  considerable  variations  in  the 
size  of  the  cells  at  different  periods  of 
life.  The  smallest  cells  are  found  in  young 
children,  and  they  progressively  increase 
in  size  with  age.  The  walls  of  the  air- 
cells  contain  numerous  small  elastic  fibres, 
which  do  not  form  distinct  bundles  for 
each  air-cell,  but  anastomose  freely  with 
each  other,  so  that  the  same  fibres  belong 
to  two  or  more  cells.  This  structure  is  peculiar  to  the  parenchyma  of  the  lungs  and 
gives  to  these  organs  their  great  distensibility  and  elasticity,  properties  which  play  an  im- 
portant part  in  expeUing  the  air  from  the  chest,  as  a  consequence  simply  of  cessation 
of  the  action  of  the  inspiratory  muscles.  Interwoven  with  these  elastic  fibres,  is  the 
richest  plexus  of  capiUary  blood-vessels  found  in  the  economy.  The  vessels  are  larger 
than  the  capillaries  in  other  situations,  and  the  plexus  is  so  close  that  the  spaces  between 
them  are  narrower  than  the  vessels  themselves.  When  distended,  the  blood-vessels  form 
the  greatest  part  of  the  walls  of  the  cells. 

Lining  the  air-cells,  are  verv  thin  scales  of  pavement-epithelium,  from  ^-g-  to  of 
an  inch  in  diameter,  which  are  applied  directly  to  the  walls  of  the  blood-vessels.  The 
epithelium  here  does  not  seem  to  be  regularly  desquamated,  as  in  other  situations.  Ex- 
amination of  injected  specimens  shows  that  the  blood-vessels  are  so  situated  between  the 
cells,  that  the  blood  in  the  greater  part  of  their  circumference  is  exposed  to  the  action  of 
the  air. 

The  entire  mass  of  venous  blood  is  distributed  in  the  lungs  by  the  pulmonary  artery 
Arterial  blood  is  conveyed  to  these  organs  by  the  bronchial  arteries,  which  ramify  and 
subdivide  on  the  bronchial  tubes  and  follow  their  course  into  the  lungs,  for  the  nourish- 


FiG.  3S.— Mould  of  a  terminal  bronchus  and  a  group  of 
air-cells  moderately  distended  by  injection,  from  the 
human  subject.  (Robin.) 
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ment  of  these  parts.  It  is  possible  tliat  the  tissue  of  the  hmgs  may  receive  some  nourish- 
ment from  the  blood  conveyed  there  by  the  pulmonary  artery;  but,  as  this  vessel  does 
not  send  any  branches  to  the  bronchial  tubes,  it  is  undoubtedly  the  bronchial  arteries 
which  supply  the  material  for  their  nutrition  and  for  the  secretion  of  the  mucous  glands. 
This  is  one  of  the  anatomical  reasons  why  inflammatory  conditions  of  the  bronchial  tubes 
do  not  extend  to  the  parenchyma  of  the  lungs,  and  vice  versa. 


Fig.  89. — Section  of  the  parenchyma  of  the  hmnan  lung,  inSected  through  the  pulmonary  artery.  (Schulze.) 
«,  (I,  c,  c,  wall  of  the  air-cell ;  5,  small  arterial  branch. 


The  foregoing  anatomical  sketch  shows  the  admirable  adaptation  of  the  trachea  and 
bronchial  tubes  to  the  passage  of  the  air  by  inspiration  to  the  deep  portions  of  the  lungs, 
and  the  favorable  conditions  which  it  there  meets  with  for  an  interchange  of  the  elements 
of  the  air  and  blood.  It  is  also  evident,  from  the  enormous  number  of  air-cells,  that  the 
respiratory  surface  must  be  immense.' 

Momrmnts  of  Respiration. 

In  man  and  in  the  warm-blooded  animals  generally,  inspiration  takes  place  as  a  con- 
sequence of  enlargement  of  the  thoracic  cavity  and  the  entrance  of  a  quantity  of  air 
through  the  respiratory  passages  corresponding  to  the  increased  capacity  of  the  lungs. 
In  the  mammalia,  the  chest  is  enlarged  by  tlie  action  of  muscles;  and,  in  ordinary  respi- 
ration, inspiration  is  an  active  process,  while  expiration  is  comparatively  passive. 

A  glance  at  the  physiological  anatomy  of  the  thorax  in  the  human  subject  makes  it 
evident  that  the  action  of  certain  muscles  will  considerably  increase  its  capacity.    In  the 
first  place,  the  diaphragm  mounts  up  into  its  cavity  in  the  form  of  a  vaulted  arch.  By 
contraction  of  its  fibres,  it  is  brought  nearer  a  plane,  and  thus  the  vertical  diameter  of  ' 
the  thorax  is  increased.    The  walls  of  the  thorax  are  formed  by  the  dorsal  vertebras  and 

'  Hales  estimated  the  combined  stirfaco  of  tiie  air-coUs  at  289  square  feet;  KelU,  at  about  lfi2  square  feet;  nnd 
Liobcrkiihn,  at  l,.'iflO  squnro  feet.  There  are  not  sudlcicnt  data  on  this  point  for  us  to  form  any  thing  like  a  reliable 
estimate.  It  Is  simply  evident  that  the  extent  of  surface  inust  bo  very  preat.  In  passinp:  from  the  lower  to  tlio 
hl(?ber  orders  of  animals,  It  is  seen  that  Nature  ])rovides  for  the  necessity  of  an  increase  in  the  activity  of  the  respira- 
tory process,  by  a  diminished  size  ond  a  niultijdication  of  the  air-colls. 
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ribs  posteriorly,  by  the  upper  ten  ribs  laterally,  and  by  the  sternum  and  costal  cartilages 
anteriorly.  The  direction  of  the  ribs,  their  mode  of  connection  with  tlie  sternum  by  the 
costal  cartilages,  and  their  articulation  with  the  vertebral  column,  are  such  tliat,  by  tlieir 
movements,  the  antero-posterior  and  transverse  diameters  of  the  chest  may  be  consider- 
ably modified. 

Inspiration. 

The  ribs  are  somewhat  twisted  upon  themselves  and  have  a  general  direction  forward 
and  downward.  The  first  rib  is  nearly  horizontal,  but  the  obliquity  of  the  ribs  progressively 
increases  from  the  upper  to  the  lower  parts  of  the  chest.  They  are  articulated  with  the 
bodies  of  the  vertebra),  so  as  to  allow  of  considerable  motion.  The  upper  seven  ribs  are 
attached  by  tlie  costal  cartilages  to  the  sternum,  these  cartilages  running  upward  and 


Yia. 'a.-Tliorax,  anterior  Diew.   (Sappey.)  Tia.i\.-Viorax,  posterior  mew.  (Sappey.) 

,    .        ,         „f  +T,P  miner  nortion  of     1,  1,  spinous  processes  of  the  dorsal  vertebra;;  2,  -, 

1,  3. .'!.  sternum  ;  4.  circumference  of  *^'=,^PP^^se  of  tlie  laiinoe  of  the  vertebra; ;  3.  8,  transverse  processes; 

the  thorax  :  5,  ciroumferenco  of  the  base  oi  me  portions  of  the  ribs  ;  5,  5,  angles  of  the 

thorax ;  6,  first  rib;  7,  second  nb ;  8     7' P^,!^^^^^^  ribs 
nal  ribs;  9,  upper  three  false  ribs ;  10,  last  two,  or 
floating  ribs ;  11,  costal  cartilages. 

c  ^.^  r.  ^ir^ii+ii  ninth  and  tenth  ribs  are  joined  to  the  cartilage 

rr..,i;ri:fiiei'.ir?;s«"       and  l  .......  o„„ .. 

'"TZ  «...  in  ^'r^>r:jti:^V^^  oYSL'^  S 

phragm  and  elevation  of  the  ribs ;  and  expiration,  uv  <= 

from  the  lower  border  of  eacli  rib  - ^ttadied  - 
of  the  rib  below,  are  the  eleven  external  intercostal  -7^-' f^^^^^^  I'^er  bo" 
an  oblique  direction  from  above  downward  and  forward     ^I'^'Y.rl  '^VZn^^U 
ders  of  the  ribs  are  tlie  internal  intercostals,  which  have  a  direction  ^on,  abo  e  down,  a^d 
and  backward,  nearly  at  right  angles  to  the  fibres  of  the  external  -t-cos*^^^^^    11-e  are 
also  a  number  of  muscles  attached  to  the  thorax  ^f^'^^^^^'^^^'^J.':^^^^^^ 
of  humerus,  etc.,  which  are  capable  of  elevating  either   he  -^^^  ,  ^^/Jtcome 
These  must  act  as  muscles  of  inspiration,  when  the  attachments     *  ^^^^ 
the  movable  points.    Some  of  them  are  called  into  action  durmg  ^^^^^'^^^^ 
others  act  as  auxiliaries  when  respiration  is  a  little  exaggerated,  as  aftei  cxeic.c,  and 
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...    .         1  •!„  «fi,r.i.a  wliipli  ordinarily  have  a  different  function,  are 

""''k^^foUowSg  are  the  principal  muscles  concerned  in  inspiration : 

Muscles  of  Inspiration. 
Ordinary  Respiration. 

Attachments. 

^.^T'"'  Circumference  of  lower  border  of  thorax. 

Diaphragm   Transverse  processes  of  third,  fourth,  fifth,  and  sixth  cer- 

Scalenus  anticus   ^.^^^  vertebras— tubercle  of  first  rib. 

Transverse  processes  of  lower  six  cervical  vertebra  

Scalenus  medius  xiauij         t-       ,.  „  ■, 

upper  surface  ot  first  rib. 

Transverse  processes  of  lower  two  or  three  cervical  ver- 

Scalenus  posticus  '^';";,^__outer  surface  of  second  rib. 

External  intcrcostals  Outer  borders  of  the  "ibs 

Sternal  portion  of  internal  intcrcostals.  .Borders  o^^  the  cos^  ,,,,,, 

Twelve  levatores  costarum  iiansveise  proccbsra 

the  tubercles  and  angles. 

Ordinary  Auxiliaries. 

9p,.rntns  posticus  superior  Ligamenlum  nuchas,  spinous  processes  of  last  cervical 

Serratus  posticus  supenoi  8^^^  ^^^^^^  ^^^^      ^^^^^^  ^^^^^^  ^^^^^^^^^  ^pp^^. 

ders  of  second,  third,  fourth,  and  fifth  ribs,  just  beyond 
the  angles. 

Sterno-mastoideus  UPPe^  Pa^t  of  sternum  mastoid  process  of  temporal 

bone. 

Extraordinary  Auxiliaries. 

Levator  anguli  scapute  Transverse  processes  of  upper  three  or  four  cervical 

vertebra;  posterior  border  of  superior  angle  ot 

scapula. 

Trapezius  (superior  portion)  Ligamentum  nucha;  and  seventh  cervical  vertebra 

upper  border  of  spine  of  scapula. 

Pectoralis  minor  Coracoid  process  of  scapula  anterior  surface  and  up- 
per margins  of  third,  fourth,  and  fifth  ribs,  near  the 
cartilages. 

Pectoralis  major  (inferior  portion)  Bicipital  groove  of  humerus  costal  cartilages  and  low- 
er part  of  sternum. 

Serratus  magnus  Inner  margin  of  posterior  border  of  scapula  external 

surface  and  upper  border  of  upper  eight  ribs. 

Action  of  the  Diaphragm.— descriptive  and  general  anatomy  of  the  diaphragm 
gives  a  pretty  correct  idea  of  its  functions  in  respiration.  It  arises,  anterioriy,  from  the 
inner  surface  of  the  ensiform  cartilage,  laterally,  from  the  inner  surface  of  the  lower 
borders  of  the  costal  cartilages  and  the  six  or  seven  inferior  ribs,  passes  over  the  quadra- 
tus  lumborum  bv  the  external  arcuate  ligament,  and  the  psoas  magnus  by  the  internal 
arcuate  ligament,  and  has  two  tendinous  slips  of  origin,  called  cruras  of  the  diaphragm 
from  the  bodies  of  the  second,  third,  and  fourth  lumbar  vertebra;  and  the  intorvertehral 
cartilages  on  the  right  side,  and  the  second  and  third  lumbar  vertebroa  and  the  interver- 
tebral cartilages  on  the  left  side.  From  this  origin,  which  extends  around  the  lower  cir- 
cumference of  the  thorax,  it  mounts  into  the  cavity  of  the  chest,  forming  a  v.aulted 
arch,  or  dome,  with  its  concavity  toward  the  abdomen  and  its  convexity  toward  the 
lungs.    In  the  central  portion,  there  is  a  tendon  of  considerable  size  and  shaped  some- 
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thing  like  the  club  on  a  playing-cartl,  with  middle,  right,  and  left  leaflets.  The  remain- 
der of  the  organ  is  composed  of  radiating  fibres  of  voluntary  muscular  tissue.  The 
cBsophagus,  aorta,  and  inferior  vena  cava  pass  through  the  diaphragm  from  the  thoracic 
to  the  abdominal  cavity,  by  three  openings. 

The  opening  for  the  ossophagus  is  surrounded  by  muscular  fibres,  by  which  it  is  par- 
tially closed  when  the  diaphragm  contracts  in  inspiration,  as  the  fibres  simply  surround 
the  tube,  and  none  are  attached  to  it. 


KiG.  il.—Diapliraam..  (Sappey.) 
1  "  8  central  tendon-  4  riffht  pillar;  5,  left  pillar ;  C,  7,  procesBcs  between  the  pillars ;  8,  S,  oponineB  for  the  Bplaneh- 
"nic  nerves   9  flbrousafch  pasJng  over  the  psoas  magnus ;  10,  fibrous  arch  passing  over  the  q.iadratns  lumbo- 
rim-  II  muscular  flbrer  these  two  arches;  12, 12,  muscular  fibres  arising  from  the  lower  six  ribs; 

IS  fibres  from  the  eSrm  Sif  tilnge  ;  14,  opening  for  the  vena  cava ;  15,  opening  for  the  cesophagus  ;  IG,  open- 
tag  for  the  aortaf  IT?  IT  part  o?t^  transv'ersalis  muscle;  16,  IS,  aponeurosis;  19,  19,  quadratus  Imnborum; 
20,  20,  psoas  magnus ;  21,  fourth  lumbar  vertebra. 

The  orifice  for  the  aorta  is  bounded  by  the  bone  and  aponeurosis  posteriorly,  and  in 
front,  by  a  fibrous  band  to  which  the  muscular  fibres  are  attached,  so  that  their  contrac- 
tion has  a  tendency  rather  to  increase  than  to  diminish  the  caliber  of  the  vessel. 

The  orifice  for  the  vena  cava  is  surrounded  entirely  by  tendinous  structure,  and  con- 
traction of  the  diaphragm,  although  it  might  render  the  form  of  the  orifice  more  nearly 
circular,  can  have  no  effect  upon  its  caliber.  .    ■,  , 

The  action  of  the  diaphragm  can  be  easily  studied  in  the  inferior  animals  by  vivisec- 
tions If  the  abdomen  of  a  cat,  which,  from  the  conformation  of  the  parts,  is  well  adapted 
to  this  experiment,  be  largely  opened,  we  can  observe  the  descent  of  the  tendinous  por- 
tion and  the  contraction  of  the  muscular  fibres.  Tlie  action  of  this  muse  e  may  be  ren- 
dered more  apparent  by  compressing  the  walls  of  the  chest  with  the  hands,  so  as  to 
interfere  somewhat  with  the  movements  of  the  ribs.  By  putting  a  strong  ligature  around 
the  spinal  column  and  soft  parts  just  below  the  diaphragm  and  cutting  off  tlie  lowei 
half  of  the  body,  as  was  done  by  the  assistant  to  the  chair  of  physiology  in  the  Be  evue 
Hospital  Medical  College,  Dr.  0.  F.  Roberts,  tlie  movements  of  the  diaphragm  may  be 
very  beautifully  exhibited  in  class-demonstrations.  _  .     ^  „ 

In  ordinary  respiration,  the  descent  of  the  diaphragm  and  its  approximation  to  a 
plane  are  the  chief  phenomena  observed ;  but,  as  there  is  a  slight  resistance  to  the  depres- 
sion of  the  central  tendon,  it  is  probable  that  there  is  also  a  certain  amount  ol  elevation 
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of  the  inferior  ribs,  the  diaphragm  assisting,  in  a  limited  degree  it  is  true,  the  action 

of  the  external  intercostals.  _  .^t,        i       4-    f  ^.u 

The  phenomena  referable  to  the  abdomen,  which  comcide  with  the  descent  of  the 
diaphragm  can  easily  be  observed  in  the  human  subject.  As  the  diaphragm  is  depressed, 
it  necessarily  pushes  the  viscera  before  it,  and  inspiration  is  therefore  accompanied  by 
protrusion  of  the  abdomen.    This  may  be  rendered  very  marked  by  a  forced  or  deep 

inspiration.  .     ,       ,    ,  -i  • 

The  action  of  the  diaphragm  may  be  illustrated  by  a  very  simple  yet  stnkmg  experi- 
ment In  an  animal  just  kUled,  after  opening  the  abdomen,  if  we  take  hold  of  the  struct- 
ures which  are  attached  to  the  central  tendon  and  make  traction,  we  imitate,  in  a  rough 
way,  the  movements  of  the  diaphragm  in  respiration,  and  the  air  will  pass  into  the  lungs, 
sometimes  with  a  distinctly-audible  sound. 

The  effects  of  the  action  of  the  diaphragm  upon  the  size  of  its  orifices  are  chiefly 
limited  to  the  oesophageal  opening.  The  anatomy  of  the  parts  is  such  -that  contraction 
of  the  muscular  fibres  has  a  tendency  to  close  this  orifice.  When  we  come  to  treat  of 
the  di-estive  system,  we  shaU  see  that  the  contraction  of  the  diaphragm  is  auxihary 
to  the  action  of  the  muscular  walls  of  the  oesophagus  itself,  by  which  the  cardiac  open- 
ing of  the  stomach  is  regularly  closed  durmg  inspiration.  This  may  become  important 
when  the  stomach  is  much  distended ;  for  descent  of  the  diaphragm  compresses  all  the 
abdominal  organs  and  might  otherwise  cause  regurgitation  of  food. 

The  contractions  of  the  diaphragm  are  animated  almost  exclusively,  if  not  exclu- 
sively, by  the  phrenic  nerve ;  a  nerve  which,  having  the  oflice  of  supplying  the  most 
important  respiratory  muscle,  derives  its  filaments  from  a  number  of  sources.  It  arises 
from  the  third  and  fourth  cervical  nerves,  receiving  a  branch  from  the  fifth  and  some- 
times from  the  sixth ;  it  passes  through  the  chest,  penetrates  the  diaphragm,  and  is  dis- 
tributed to  its  under  surface.  This  nerve  was  the  subject  of  numerous  experiments  by 
the  early  physiologists,  who  were  greatly  interested  in  the  minutiae  of  the  action  of  the 
diaphragm  and  of  other  muscles,  in  respiration.  Its  galvanization  produces  convulsive  con- 
tractions of  the  diaphragm,  and  its  section  paralyzes  the  muscle  almost  completely.  It 
was  noticed  by  Lower,  that  after  section  of  both  phrenic  nerves  the  movements  of  the 
abdomen  were  reversed,  and  it  became  retracted  in  inspiration.  This  is  explained  and 
illustrated  by  voluntary  suspension  of  the  action  of  the  diaphragm  and  exaggeration  of  the 
costal  movements.  As  the  ribs  are  raised,  the  atmospheric  pressure  causes  the  diaphragm 
to  mount  up  into  the  cavity  of  the  thorax,  and  of  course  the  abdominal  organs  follow. 

From  the  great  increase  in  the  capacity  of  the  chest  produced  by  the  action  of  the 
diaphragm  and  its  constant  and  universal  action  in  respiration,  it  must  be  regarded  as  by 
far  the  most  important  and  eflacient  of  the  muscles  of  inspiration. 

Hiccough,  sobbing,  laughing,  and  crying,  are  due  mainly  to  the  action  of  the  dia- 
phragm, particularly  hiccough  and  sobbing,  which  are  produced  by  spasmodic  contrac- 
tions of  this  muscle,  generally  beyond  the  control  of  the  will. 


Action  of  the  Muscles  which  elevate  the  Ribs. — Scalene  Muscles. — In  ordinary  respira- 
tion, the  ribs  and  the  entire  chest  are  elevated  by  the  combined  action  of  a  number  of 
muscles.  The  three  scalene  muscles  are  attached  to  fte  cervical  vertebrse  and  the  first 
and  second  ribs.  These  muscles,  which  act  particularly  upon  the  first  rib,  must  ele- 
vate with  it,  in  inspiration,  the  rest  of  the  thorax.  The  articulation  of  the  first  rib 
with  the  vertebral  column  is  very  movable,  but  it  is  joined  to  the  sternum  by  a  very 
short  cartilage,  which  allows  of  very  little  movement,  so  that  its  elevation  necessarily 
carries  with  it  the  sternum.  This  movement  increases  both  the  transverse  and  antero- 
posterior diameters  of  the  thorax,  from  the  mode  of  articulation  and  direction  of  the 
ribs,  which  are  somewhat  rotated  as  well  as  rendered  more  horizontal. 

Intercostal  Muscles. — Concerning  the  mechanism  of  the  action  of  these  muscles,  there 
is  groat  difference  of  opinion  among  physiologists ;  so  much,  indeed,  that  the  author  of 
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a  late  elaborate  work  assumes  that  the  question  is  still  left  in  considerable  uncertainty. 
The  most  extended  researches  on  this  point  are  those  of  Beau  and  Maissiat  (Archives 
generalen  de  medecine,  1843),  and  Sibson  {pUlonopMcal  Transactiona,  1846).  The  latter 
seem  to  settle  the  question  of  the  mode  of  action  of  the  intercostals  and  explain  satis- 
factorily certain  points  which  even  now  are  not  generally  appreciated.  More  recently, 
Onhiius  has  shown,  by  experiments  upon  a  decapitated  animal,  that  the  external  inter- 
costals raise,  and  the  internal  intercostals  depress  the  ribs,  thus  confirming  the  views  of 
Sibson. 

"We  shall  first  note  the  changes  which  take  place  in  the  direction  of  the  ribs  and  their 
relation  to  each  other  in  inspiration,  before  considering  the  way  in  which  these  move- 
ments are  produced. 

In  the  dorsal  region,  the  spinal  column  forms  an  arch  with  its  concavity  toward  the 
chest,  and  the  ribs  increase  in  length  progressively,  from  above  downward,  to  the  deep- 
est portion  of  the  arch,  where  they  are  longest  and  then  become  progressively  shorter. 
According  to  Sibson,  "  during  inspiration  the  ribs  approach  to  or  recede  from  each  other 
according  to  the  part  of  the  arch  with  which  they  articulate ;  the  four  superior  ribs  ap- 
proach each  other  anteriorly  and  recede  from  each  other  posteriorly ;  the  fourth  and 
fifth  ribs,  and  the  intermediate  set  (sixth,  seventh,  and  eighth),  move  further  apart  to  a 
moderate,  the  diaphragmatic  set  (four  inferior),  to  a  great  extent.  The  upper  edge  of 
each  of  these  ribs  glides  toward  the  vertebrsB  in  relation  to  the  lower  edge  of  the  rib 
above,  with  the  exception  of  the  lowest  rib,  which  is  stationary."  These  movements 
increase  the  antero-posterior  and  transverse  diameters  of  the  thorax.  As  the  ribs  are 
elevated  and  become  more  nearly  horizontal,  they  must  push  forward  the  lower  portion 
of  the  sternum.  Their  configuration  and  mode  of  articulation  with  the  vertebras  are 
such,  that  they  cannot  be  elevated  without  undergoing  a  considerable  rotation,  by  which 
the  concavity  looking  directly  toward  the  lungs  is  increased,  and  with  it  the  lateral 

diameter  of  the  chest.  All  th  e  intercostal  spaces  posteriorly 
are  widened  iu  inspiration. 

The  ribs  are  elevated  by  the  action  of  the  external  inter- 
costals, the  sternal  portion  of  the  internal  intercostals,  and 
the  levatores  costarum.  The  external  intercostals  are  situ- 
ated between  the  ribs  only,  and  are  wanting  in  the  region 
of  the  costal  cartilages.  As  the  vertebral  extremities  of  the 
ribs  are  the  pivots  on  which  these  levers  move,  and  as  the 
sternal  extremities  are  movable,  the  direction  of  the  fibres 
of  the  intercostals  from  above  downward  and  forward 
renders  elevation  of  the  ribs  a  necessity  of  their  contrac- 
tion if  it  can  be  assumed  that  the  first  rib  is  fixed  or  at 
least  does  not  move  downward.  The  scalene  muscles  ele- 
vate the  first  rib  in  ordinary  inspiration;  aud,  m  deep  in- 
sniration  this  takes  place  to  such  an  extent  as  to  palpably 
Yia.  4S.-Elewition  qfthe  ribs  in  spuatiuu,  luio  i  Inwpr  rib's  Theoreti- 

inspiration.  (Beciard.)         carry  with  it  the  sternum  and  the  lower  rms.  lueoreui 

The  dark  lines  represent,  the  ribs,  ,      p-rtprnal   intcrcOStals  can  do  nothmg  IlUt 

sternum,  and  costal  cartilages  in   cally,  then,  tlie  exierudi 

inspiration.  render  the  ribs  more  nearly  horizontal. 

If  the  external  intercostals  be  exposed  in  a  living  animal,  the  dog  for  exan.p^  m 
which  the  costal  type  of  respiration  is  very  -a^'^ed,  c  o- 

convince  any  one  that  these  muscles  enter  m  o  ^^I'^^I^^^^^  directed  to  the 
been  observed  by  Sibson  and  many  other  physiolog  sts.  2   '  sta^  "^^t^^ees,  their 

sternal  portion  of  the  internal  intercostals,  ^^'^^'^^'^'^'^''''''''''^ 
fibres  having  a  direction  from  above  downward  -Jt^}^^^l^':^l  l'^''^^^  X,  ^eath, 
they  enter  into  action  with  inspiration.    By  artificially  -Af^^f  f  e  '"f  ^.^^^ 
Sibson  confirmed  these  observations  and  ^^^^^^^'^^  ^Xe  all  separated 

air  the  fibres  of  these  muscles  are  shortened.    In  inspiration,  the  ribs  arc  sep. 
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posteriorly ;  but  laterally  and  anteriorly,  some  are  separated  (all  below  the  fourth),  and 
some  are  approximated  (all  above  the  fourth).  Thus  all  the  interspaces,  except  the 
anterior  portion  of  the  upper  three,  are  widened  in  inspiration.  Sibson  has  shown,  by 
inflation  of  the  chest,  that,  although  the  ribs  are  separated  from  each  other,  the  attach- 
ments of  the  intercostals  are  approximated.  The  ribs,  from  an  excessively  oblique  posi- 
tion, are  rendered  nearly  horizontal ;  and  consequently  the  inferior  attachments  of  the 
intercostals  are  brought  nearer  the  spinal  column,  while  the  superior  attachments  to  the 
upper  borders  of  the  ribs  are  slightly  removed  from  it.  Thus  these  muscles  are  short- 
ened. If,  by  separating  and  elevating  the  ribs,  the  muscles  be  shortened,  shortening  of 
the  muscles  will  necessarily  elevate  and  separate  the  ribs.  In  the  three  superior  inter- 
spaces, the  constant  direction  of  the  ribs  is  nearly  horizontal,  and  the  course  of  the 
intercostal  fibres  is  not  so  oblique  as  in  those  situated  between  the  lower  ribs.  These 
spaces  are  narrowed  m  inspiration.  The  muscles  between  the  costal  cartilages  have 
a  direction  opposite  to  that  of  the  external  intercostals  and  act  upon  the  ribs  from  the 
sternum,  as  the  others  do  from  the  spinal  column.  The  superior  interspace  is  narrowed, 
and  the  remainder  are  widened,  in  inspiration. 

Lemtores  Costanim.— The  action  of  these  mnscles  cannot  be  mistaken.  They  have 
immovable  points  of  origin,  the  transverse  processes  of  twelve  vertebra}  from  the  last 
cervical  to  the  eleventh  dorsal,  and,  spreading  out  like  a  fan,  are  attached  to  the  upper 
edges  of  the  ribs  between  the  tubercles  and  the  angles.  In  inspiration,  they  contract 
and  assist  in  the  elevation  of  the  ribs.  They  are  more  developed  in  man  than  in  the 
inferior  animals. 

Aiixiliary  Muscles  of  Inspiration. — The  muscles  which  have  just  been  considered  are 
competent  to  increase  the  capacity  of  the  thorax  sufficiently  in  ordinary  respiration; 
there  are  certain  muscles,  however,  which  are  attached  to  the  chest  and  the  upper  part 
of  the  spinal  column,  or  npper  extremities,  which  may  act  in  inspiration,  although  ordi- 
narily the  chest  is  the  fixed  point  and  they  move  the  head,  neck,  or  arms.  These 
muscles  are  brought  into  action  when  the  movements  of  respiration  are  exaggerated, 
"When  thfs  exaggeration  is  but  slight  and  physiological,  as  after  exercise,  certain  of  them 
(the  ordinary  auxiliaries)  act  for  a  time,  until  the  tranquillity  of  the  movements  is 
restored.  But  when  there  is  obstruction  in  the  respiratory  passages  or  when  respiration 
is  excessively  difficult  from  any  cause,  threatening  suffocation,  all  the  muscles  which  can 
by  any  possibility  raise  the  chest  are  brought  into  action.  The  principal  ones  are  put 
down  in  the  table  under  the  head  of  extraordinary  auxiliaries.  Most  of  these  muscles 
can  voluntarily  be  brought  into  play  to  raise  the  chest,  and  the  mechanism  of  their 
action  can  in  this  way  be  demonstrated. 

Serratus  Posticus  Superior. — This  muscle  arises  from  the  ligamentum  nuchas,  the 
spinous  processes  of  the  last  cervical  and  the  upper  two  or  three  dorsal  vertebrfe,  its  fibres 
passing  obliquely  downward  and  outward,  to  be  attached  to  the  npper  borders  of  the 
second,  third,  fourth,  and  fifth  ribs  just  beyond  their  angles.  By  reversing  its  action,  as 
we  have  reversed  the  description  of  its  origin  and  insertions,  it  is  capable  of  increasing 
the  capacity  of  the  thorax. 

Sterno-mastoideus. — That  portion  of  the  muscle  which  is  attached  to  the  mastoid 
process  of  the  temporal  bone  and  the  sternum,  when 'the  head  is  fixed,  is  capable  of  act- 
ing as  a  muscle  of  inspiration.  It  does  not  act  in  ordinary  respiration,  but  its  contrac- 
tions can  be  readily  observed  whenever  respiration  is  hurried  or  exaggerated. 

The  following  muscles,  as  a  rule,  act  as  muscles  of  inspiration  only  when  respii'ation 
is  exceedingly  difficult  or  labored.  In  certain  cases  of  capillary  bronchitis,  for  example, 
the  anxious  expression  of  the  countenance  betrays  the  sense  of  impending  suffocation; 
the  head  is  thrown  back  and  fixed ;  the  shoulders  are  braced ;  and  every  available  muscle 
in  brought  into  action  to  raise  the  walls  of  the  thorax.' 

'  Under  these  circnmstances,  aomo  muscles  which  we  have  not  thought  It  necessary  to  enumerate  may  net  in- 
directly as  muscles  of  inspiration. 
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Levator  Anguli  Soapulm  and  Superior  Portion  of  the  Trapezius. — Movements  of  the 
scapula  have  often  been  observed  in  very  labored  respiration.  Its  elevation  during  in- 
spiration is  effected  chiefly  by  the  levator  anguli  scapulce  and  the  upper  portion  of  tlie 
trapezius.  The  former  muscle  arises  from  the  transverse  processes  of  the  upper  three  or 
four  cervical  vertebra)  and  is  inserted  into  the  posterior  border  of  the  scapula  below  the 
angle.  It  is  a  thick,  flat  muscle  and,  vi^hen  the  neck  is  the  fixed  point,  assists  in  the  ele- 
vation of  the  thorax  by  raising  the  scapula.  The  trapezius  is  a  broad,  flat  muscle,  aris- 
ing from  the  occipital  protuberance,  part  of  the  superior  curved  line  of  the  occipital 
bone,  the  ligaraentum  nuchte,  and  the  spinous  processes  of  the  last  cervical  and  all 
the  dorsal  vertehrse,  to  be  inserted  into  the  upper  border  of  the  spine  of  the  scapula. 
Acting  from  its  attachments  to  the  occiput,  the  ligamentum  nuchse,  the  last  cervical 
vertebra,  and  perhaps  one  or  two  of  the  dorsal  vertebrse,  this  muscle  may  elevate  the 
scapula  and  assist  in  inspiration. 

Fectoralis  Minor  and  Inferior  Portion  of  the  Pectoralis  Major.— These  muscles  act 
together  to  raise  the  ribs  in  difficult  respiration.  The  pectoralis  minor  is  the  more  effi- 
cient. Tracing  it  from  its  attachment  to  the  coracoid  process  of  the  scapula,  its  fibres 
pass  downward  and  forward  to  be  attached  by  three  indigitations  to  the  external  surface 
and  upper  margins  of  the  third,  fourth,  and  fifth  ribs  just  posterior  to  the  costal  cartilages. 
With  the  coracoid  process  as  the  fixed  point,  this  muscle  is  capable  of  powerfully  assist- 
ing in  the  elevation  of  the  ribs.  That  portion  of  the  pectoralis  major  which  is  attached 
to  the  lower  part  of  the  sternum  and  costal  cartilages  is  capable  of  acting  from  its  in- 
sertion into  the  bicipital  groove  of  the  humerus,  when  the  shoulders  are  fixed,  in  concert 
with  the  pectoralis  minor.  In  great  dyspnaja,  it  is  frequently  observed  that  the  shoulders 
are  braced,  the  pectorals  acting  vigorously  to  raise  the  walls  of  the  chest. 

Serratus  Magnus.— Th.\a  is  a  broad,  thin  muscle  covering  a  great  portion  of  the  lat- 
eral walls  of  the  thorax.  Attached  to  the  inner  margin  of  the  posterior  border  of  the 
scapula,  its  fibres  pass  forward  and  downward  and  are  attached  to  the  external  surface 
and  upper  borders  of  the  eight  superior  ribs.  Acting  from  the  scapula,  this  muscle  is 
capable  of  assisting  the  pectorals  in  raising  the  ribs  and  becomes  a  powerful  auxiliary  m 
difficult  inspiration. 

We  have  thus  considered  the  functions  of  the  principal  inspiratory  muscles,  without 
taking  up  those  which  have  an  insignificant  or  undetermined  action.  In  many  animals, 
the  nares  are  considerably  distended  in  inspiration;  and,  in  the  horse,  which  does 
not  respire  by  the  mouth,  these  movements  are  as  essential  to  life  as  the  respu-atory 
movements  of  the  larynx.  In  man,  as  a  rule,  the  nares  undergo  no  movement  unless 
respiration  be  somewhat  exaggerated.  In  very  difficult  respiration,  the  mouth  is  opened 
at  each  inspiratorv  act.  We  have  not  thought  it  necessary  to  treat  of  the  action  of  those 
muscles  which  serve  to  fix  the  head,  neck,  or  shoulders  in  dyspnaja. 

The  division  into  muscles  of  ordinary  inspiration,  ordinary  auxUiaries,  and  extraor- 
dinary auxiliaries,  must  not  be  taken  as  absolute.  In  the  male,  in  ordinary  respiration, 
the  diaphragm,  intercostals,  and  levatores  costarum  are  the  great  inspiratory  muscles, 
and  the  actfon  of  the  scaleni,  with  the  consequent  elevation  of  the  sternum,  is  commonly 
very  slight  or  maybe  wanting.  In  the  female,  the  movements  of  the  upper  parts  of 
the  chest  are  very  marked,  and  the  scaleni,  the  serratus  posticus  superior  and  sometimes 
the  sterno-mastoid,  are  brought  into  action  in  ordinary  respiration.  In  the  various  types 
of  respiration,  the  action  of  the  muscles  engaged  in  ordinary  respu-ation  necessarily  pre- 
sents  considerable  variations. 

Expiration. 

The  air  is  expelled  from  the  lungs,  in  ordinary  expiration,  by  a  simple  and  compai-a- 
tively-passive  process.  The  lungs  contain  a  great  number  of  elastic  fibres  surrounding 
the  air-cells  and  the  smallest  ramifications  of  the  bronchial  tubes,  which  give  them  great 
elasticity.  We  can  form  an  idea  of  the  extent  of  elasticity  of  these  organs,  by  simply 
removing  them  from  the  chest,  when  they  collapse  and  become  many  times  smaller  than 
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the  cavity  which  they  before  had  completely  filled.  The  thoracic  walls  are  also  very 
elastic  particularly  in  young  persons.  After  the  muscles  which  increase  the  capacity 
of  the'  thorax  cease  their  action,  tlie  elasticity  of  the  costal  cartilages  and  the  tonicity 
of  the  muscles  which  have  been  put  on  the  stretch  will  restore  the  chest  to  what  we  may 
call  its  passive  dimensions.  This  elasticity  is  likewise  capable  of  acting  as  an  inspiratory 
force  when  the  chest  has  been  compressed  in  any  way.  There  are  also  certain  muscles, 
the  action  of  which  is  to  draw  the  ribs  downward  and  which,  in  tranquil  respiration, 
are  antagonistic  to  those  which  elevate  the  ribs.  Aside  from  this,  many  operations,  such 
as  speaking,  blowing,  singing,  etc.,  require  powerful,  prolonged,  or  complicated  acts  of 
expiration,  in  which  numerous  muscles  are  brought  into  play. 

Expiration  may  be  considered  as  depending  upon  two  causes,  as  follows : 

1.  The  passive  influence  of  the  elasticity  of  the  lungs  and  thoracic  walls. 

2.  The  action  of  certain  muscles,  which  either  diminish  the  transverse  and  antero- 
posterior diameters  of  the  chest  by  depressing  the  ribs  and  sternum,  or  the  vertical  di- 
ameter, by  pressing  up  the  abdominal  viscera  behind  the  diaphragm. 

Influence  of  the  Elasticity  of  the  Pulmonary  Structure  and  Walls  of  the  Chest.— 
It  is  easy  to  understand  the  influence  of  the  elasticity  of  the  pulmonary  structure  in  ex- 
piration. From  the  collapse  of  the  lungs  when  openings  are  made  in  the  chest,  it  is  seen 
that,  even  after  the  most  complete  expiration,  these  organs  have  a  tendency  to  expel 
part'  of  their  gaseous  contents,  which  cannot  be  fully  satisfied  until  the  chest  is  opened. 
They  remain  partially  distended,  from  the  impossibility  of  collapse  of  the  thoracic  walls 
beyond  a  certain  point ;  and,  by  virtue  of  their  elasticity,  they  exert  a  suction  force 
upon  the  diaphragm,  causing  it  to  form  a  vaulted  arch,  or  dome  above  the  level  of  the 
lower  circumference  of  the  chest.  When  the  lungs  are  collapsed,  the  diaphragm  hangs 
loosely  between  the  abdominal  and  thoracic  cavities.  In  inspiration  and  in  expiration, 
then,  the  relations  between  the  lungs  and  diaphragm  are  reversed.  In  inspiration,  the 
descending  diaphragm  exerts  a  suction  force  on  the  lungs,  drawing  them  downward ;  in 
expiration,  the  elastic  lungs  exert  a  suction  force  upon  the  diaphragm,  drawing  it  up- 
ward. This  antagonism  is  one  of  the  causes  of  the  great  power  of  the  diaphragm  as  an 
inspiratory  muscle. 

The  elasticity  of  the  lungs  operates  chiefly  upon  the  diaphragm  in  reducing  the  capa- 
city of  the  chest ;  for  the  walls  of  the  thorax,  by  virtue  of  their  own  elasticity,  have  a 
reaction  which  succeeds  the  movements  produced  by  the  inspiratory  muscles.  A  simple 
experiment,  which  we  have  often  performed  in  public  demonstrations,  illustrates  the 
expiratory  influence  of  the  elasticity  of  the  lungs.  If,  in  an  animal  just  killed,  we 
open  the  abdomen,  seize  hold  of  the  vena  cava  as  it  passes  through  the  diaphragm,  and 
make  traction,  we  imitate  the  action  of  this  muscle  sufficiently  to  produce  at  times  an 
audible  inspiration  ;  on  loosing  onr  hold,  we  have  expiration,  as  it  is  in  a  measure  accom- 
plished in  natural  respiration,  by  virtue  of  the  resiliency  of  the  lungs,  carrying  the  dia- 
phragm up  into  the  thorax.  Although  this  is  the  main  action  of  the  lungs  themselves 
in  expiration,  their  relations  to  the  walls  of  the  thorax  are  important.  By  virtue  of 
their  elasticity,  they  assist  the  passive  collapse  of  the  chest.  When  they  lose  this  prop- 
erty to  any  considerable  extent,  as  in  vesicular  emphysema,  they  offer  a  notable  resistance 
to  the  contraction  of  the  thorax  ;  so  much,  indeed,  th'at  in  old  cases  of  this  disease  the 
movements  are  much  restricted,  and  the  chest  presents  a  characteristic  rounded  and  dis- 
tended appearance. 

Little  more  need  be  said  concerning  the  passive  movements  of  the  thoracic  walls. 
When  the  action  of  the  inspiratory  muscle  ceases,  the  ribs  regain  their  oblique  direction, 
the  intercostal  spaces  are  narrowed,  and  the  sternum,  if  it  have  been  elevated  and  drawn 
forward,  falls  back  to  its  place  simply  by  virtue  of  the  elasticity  of  the  parts.  • 

Action  of  Muscles  in  Expiration. — The  following  are  the  principal  muscles  concerned 

in  expiration : 
9 
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Muscles  of  Expiration. 

Ordinary  Respiration. 


Mmcle.  .  ^tiach'^^*^- 

Osseous  portiou  of  internal  intercostals.  .Inner  borders  of  the  ribs.. 
Iiifracostales   ^^^^^^  surfaces  of  the  ribs. 

Triangularis  sterni!  Ensiform  cartilage,  lower  borders  of  sternum,  lower  three 

or  four  costal  cartilages  cartilages  of  the  second, 

third,  fourth,  and  fifth  ribs. 

Auxiliaries. 

Obliquus  externus  External  surface  and  inferior  borders  of  eight  inferior 

^  i-ibs  anterior  half  of  the  crest  of  the  ileiun,  Pou- 

part's  ligament,  hnea  alba. 

Obliquus  internus  Outer  half  of  Poupart's  ligament,  anterior  two-thirds  of 

the  crest  of  the  ileum,  lumbar  fascia  cartilages  ot 

four  mferior  ribs,  linea  alba,  crest  of  the  pubis,  pec- 
tineal line. 

TrnriQvPrsalis   Outer  third  of  Poupart's  ligament,  anterior  two-thirds  of 

^    ^^^^^  .j^^^^  j^^^^j,  vertebra;,  inner  surface 

of  cartilages  of  six  inferior  ribs  crest  of  the  pubis, 

pectineal  line,  linea  alba. 
Sacro-lumbalis  •  •  •  •  -Sacrum  angles  of  six  inferior  ribs. 

Internal  Intercostals. -The  internal  intercostals  have  different  functions  in  diflferent 
parts  of  the  thorax.  They  are  attached  to  the  inner  borders  of  the  ribs  and  costal  carti- 
Lge  Between  the  ribs.^hey  are  covered  by  the  external  intercostals  but,  ^^etween  he 
costal  cartUages,  they  ar;  covered  simply  by  aponeurosis.  Their  direction  ,s  from  above 
downward  and  backward,  nearly  at  right  angles  to  the  external  intercostals.  ^^-J--^^on 
TtZ  portion  of  the  internal  intercostals  situated  between  the  costal  cartilages  has  al- 
Idy  len  noted.  They  assist  the  internal  intercostals  in  elevating  the  nbs  m  inspiration. 
Between  the^^^^^^^^  these  muscles  are  directly  antagonistic  to  the  extei^al  -  eixos  als. 

lore  ne;rly  at  riglit  angles  to  the  rib,  V^^^^-  iCn  htf  rh^wn 

consequently  to  diminish  the  capacity  °f  ^J^f^  H  ^'J^^  ^he  chest  dissect  off 
example,  completely  under  the  mfluence  of  ether,  ^^^^7  ^^^^^  ^  potion  of 
the  fascia  from  some  of  the  external  intercostals  and  then  ^^^^^  -nterco'tals,  it  is 
one  or  two  of  these  muscles  so  as  to  expose  ^^^^^f  J^^^f  J^'^^^^^^^^^^  the  two  s;ts  of 
not  difficult,  on  close  examination,  to  «^-"^;^^^„f*Xh  otht  in  expiration, 
muscles ;  one  being  brought  into  ac  ion  in  -^P^f  ^^^^^^^  't,e  tlLax,  are  vari- 

Infracostales.-These  muscles,  situated  at       P«^*^"°;j^"^      ,  ,f       ,l,est.  Their 
able  in  size  and  number.    They  are  most  ^^^^^^^^^^^^^  i,,er  surface  of  the 

fibres  --  from  the  inner  surface  o  on^^^^^^^  ^^^^^^  ,„,,,,„3. 

^^^^  — ' 

^^^SS:r"^r^;ere  has  never  ^ aoubt<^^^«^e^ 

tion  of  the  triangularis  sterni.    From  its  origin  the  ^"^^f^  ^^^^^^"^^^^^  of  the 

the  sternum,  and'  lower  three  or  four  costa  ^^^^^^^^^^^^^^^  hem  d  wnward  and 

second,  third,  fourth,  and  fifth  ribs,  to  which  it  is  attached,  diawmg 

thus  diminishing  the  capacity  of  the  chest. 
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The  above-mentioned  muscles  are  called  into  action  in  ordinary  tranquil  respiration, 
and  their  sole  function  is  to  diminish  the  capacity  of  the  chest.  In  labored  or  diflScult 
expiration,  and  in  the  acts  of  blowing,  phonation,  etc.,  other  muscles,  which  are  called 
auxiliaries',  play  a  more  or  less  important  part.  These  muscles  all  enter  into  the  forma- 
tion of  the  walls  of  the  abdomen,  and  their  general  action  in  expiration  is  to  press  the 
ahdommal  viscera  and  diaphragm  into  the  thorax  and  diminish  its  vertical  diameter. 
Their  action  is  voluntary  ;  and,  b>  an  effort  of  the  will,  it  may  be  opposed  more  or  less 
by  the  diaphragm,  by  which  means  the  duration  or  intensity  of  the  expiratory  act  is  regu- 
lated. They  are  also  attached  to  the  ribs  or  costal  cartilages,  and,  while  they  press  the 
diaphragm  upward,  depress  the  ribs  and  thus  diminish  the  antero-posterior  and  transverse 
diameters  of  the  chest.  In  this  action,  they  may  be  opposed  by  the  voluntary  contraction 
of  the  muscles  which  raise  the  ribs,  also  for  the  purpose  of  regulating  the  character  of  the 
expiratory  act.  The  importance  of  this  kind  of  action  in  declamation,  singing,  blowing, 
etc.,  is  evident;  and  the  skill  exhibited  by  vocalists  and  performers  on  wind  instruments 
shows  how  dehcately  this  may  be  regulated  by  practice. 

In  labored  respu-ation  in  disease  and  in  the  hurried  respiration  which  follows  violent 
exercise,  the  auxiliary  muscles  of  expiration,  as  well  as  of  inspiration,  are  called  into 
action  to  a  considerable  extent. 

OUiquus  Externus. — This  muscle,  in  connection  with  the  obliquus  internus  and  trans- 
versalis,  is  efficient  in  forced  or  labored  expiration,  by  pressing  the  abdominal  viscera 
against  the  diaphragm.  Its  fibres  run  obliquely  from  above  downward  and  forward. 
Acting  from  its  attachments  to  the  linea  alba,  the  crest  of  the  ileum,  and  Poupart's  liga- 
ment, by  its  attachment  to  the  eight  inferior  ribs,  it  draws  the  ribs  downward. 

Obliquus  Internus. — This  muscle  also  acts  in  forced  expiration,  by  compressing  the  ab- 
dominal viscera.  The  direction  of  its  fibres  is  from  below  upward  and  forward.  Acting 
from  its  attachments  to  the  crest  of  the  ileum,  Poupart's  ligament,  and  the  lumbar  fascia, 
by  its  attachments  to  the  cartilages  of  the  four  inferior  ribs,  it  draws  them  downward. 
The  direction  of  the  fibres  of  this  muscle  is  the  same  as  that  of  the  internal  intercostals. 
By  its  action  the  ribs  are  drawn  inward  as  well  as  downward. 

Transversalis. — The  expiratory  action  of  this  muscle  is  mainly  in  compressing  the  ab- 
dominal viscera. 

Sacro-lumbalis. — This  muscle  is  situated  at  the  posterior  portion  of  the  abdomen  and 
thorax.  Its  fibres  pass  from  its  origin  at  the  sacrum,  upward  and  a  little  outward,  to  be 
inserted  into  the  six  inferior  ribs  at  their  angles.  In  expu'ation  it  draws  the  ribs  down- 
ward, acting  as  an  antagonist  to  the  lower  levatores  costarum. 

There  are  some  other  muscles  which  may  be  brought  into  action  in  forced  expiration, 
assisting  in  the  depression  of  the  ribs,  such  as  the  serratus  posticus  inferior,  the  superior 
fibres  of  the  serratus  magnus,  the  inferior  portion  of  the  trapezius,  but  their  function  ia 
unimportant. 

Types  of  Respiration. — In  the  expansive  movements  of  the  chest,  although  all  the 
muscles  which  have  been  classed  as  ordinary  inspiratory  muscles  are  brought  into  action 
to  a  greater  or  less  extent,  the  fact  that  certain  sets  may  act  in  a  more  marked  manner 
than  others  has  led  physiologists  to  recognize  different  types  of  respiration.  The  three 
following  types  are  generally  given  in  works  on  physiology  : 

1.  The  AMominal  type. — In  this,  the  action  of  the  diaphragm  and  the  consequent 
movements  of  the  abdomen  are  most  prominent. 

2.  Tlie  Inferior  Costal  type. — In  tliis,  the  action  of  the  muscles  which  expand  the 
lower  part  of  the  thorax,  from  the  seventh  rib  inclusive,  is  most  prominent. 

3.  Ihe  Superior  Costal  type. — In  this,  the  action  of  the  muscles  which  dilate  the  thorax 
above  the  seventh  rib  and  which  elevate  the  entire  chest  is  most  prominent. 

The  abdominal  type  is  most  marked  in  children  under  the  age  of  three  years,  irrespec- 
tive of  sex.    In  them,  respiration  is  carried  on  almost  exclusively  by  the  diaphragm. 
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At  a  variable  period  after  birth,  a  difference  in  the  types  of  respiration  m  tbe  sexes 
besiins  to  sbovv  itself.  In  the  male,  the  abdominal  conjoined  with  the  inferior  costal  type 
is  predominant,  and  this  continues  through  life.  In  the  female,  the  inierioi-  costal  type 
is  insiRnificant,  and  the  superior  costal  type  predominates.  Observers  differ  m  then-  state- 
ments of  the  period  of  life  when  this  distinction  in  the  sexes  becomes  apparent.  Without 
discussin-  the  nice  question  as  to  the  exact  age  when  this  difference  m  the  sexes  first 
makes  its  appearance,  it  may  be  stated,  in  general  te^ms,  that,  short  y  before  the  age  of 
•puberty  in  the  female,  the  superior  costal  type  becomes  more  marked  and  soon  predomi- 
nates;  while,  in  the  male,  respiration  continues  to  be  carried  on  mainly  by  the  diaphragm 

and  lower  part  of  the  cbest.  .        „     ,  i 

The  cause  of  the  excessive  movements  of  the  upper  part  of  the  chest  m  the  female  has 
been  tbe  subject  of  considerable  discussion.  It  is  evident  that  it  is  not  due  to  the  mode 
of  dress  now  80  general  in  civilized  countries,  which  confines  the  lower  part  of  the  chest 
and  would  render  movements  of  expansion  somewhat  difQcult,  for  the  same  phenomenon 
i^observed  in  young  girls  and  others  who  have  never  made  use  of  such  appliances.  But 
thererevidently  a  physiological  condition,  the  enlargement  of  the  uterus  m  gesta  ion, 
wl  ch  at  certain  time's,  would  nearly  arrest  all  respiratory  movements,  except  those 
oi  the'upper  part  of  the  cbest.  Tbe  peculiar  mode  of  respii-ation  in  the  female  is  a  pi.,- 
^  s  on  of  Nature  against  the  mechanical  difficulties  whicb  would  otherwise  follow  the 
Xsiological  enlargement  of  the  uterus.  In  pathologyit  is  observed  that,  m  consequence 
o  Sis  peculiarity,  females  are  able  to  carry,  without  great  inconvenience,  immense  quan- 
tities of  water  in  tiie  abdominal  cavity;  while  a  much  smaller  quantity,  m  the  male,  pro- 
duces great  distress  from  difficulty  of  breathmg. 

Freauency  of  the  Eespiratory  Movements. -In  counting  the  respiratory  acts,  it  is  de- 
sirable  thai  the  subject  be  unconscious  of  the  observation,  otberwise  their  normal  cbar- 
suable  that  ^"VJ^^J  ^1        ^^^^  written  on  this  subject,  Hutchinson  pre- 

::lZt   t  :.~^^  convincing  collection  of  facts.    This_ observer  ascertaine 
the  m  mbrof  respiratory  acts  per  minute,  in  the  sitting  P-.^^^' ^  ^^^^^^^ 
results  of  bis  observations,  with  reference  to  frequency,  are  given  in  the  followmg  table . 

2i^umher  of  cases. 

Btspirations  per  minute.  ^     ^  ijg 

From    9  to  16   ^  ^  239 

16      105 

l*?   196 

18    ...  H 

19    ....  561 

20   .  ]29 

21   143 

22      42 

23  .....243 

24      87 

24  to  40  

.n  i«fl,„.c»  on  the  fr„«»c,  of  .1,.  respirator.  Ml,  corresponding  .i,h 
what  »e  h«v6  already  noted  with  regard  to  the  pnlsat.ons  ot  the  heart. 
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Quetelot  gives  tLe  following  as  the  results  of  observations  on  300  males : 

44  respirations  per  minute,  soon  after  birth  ; 

26,  at  the  age  of  five  years  ; 

20,  at  the  age  of  fifteen  to  twenty  years ; 

19,  at  the  age  of  twenty  to  twenty-five  years ; 

16,  about  the  thirtieth  year  ; 

18,  from  thirty  to  fifty  years. 

The  influence  of  sex  is  not  marked  in  very  young  children.  The  same  observer  noted 
no  difference  between  males  and  females  at  birth ;  but  in  young  women  the  respirations 
are  a  little  less  frequent  than  in  young  men  of  the  same  age. 

The  various  physiological  conditions  which  have  been  noted  as  affecting  the  pulse 
have  a  corresponding  influence  on  respiration.  In  sleep,  the  number  of  respiratory  acts 
is  diminished  by  about  twenty  per  cent.  (Quetelet).  Muscular  effort  accelerates  the  re- 
spiratory movements  pari  passu  with  the  movements  of  the  heart. 

Relations  of  Inspiration  and  Expiration  to  each  other— The  Respiratory  Sounds. — In 
ordinary  respiration,  inspiration  is  produced  by  the  action  of  muscles,  and  expiration,  in 
greatest  part,  by  the  passive  reaction  of  the  elastic  walls  of  the  thorax  and  the  lungs. 
The  inspiratory  and  expiratory  acts  do  not  immediately  foUow  each  other.  Commencing 
with  inspira'tion,  it  is  found  that  this  act  maintains  about  the  same  intensity  from  its  be- 
ginning to  its  termination;  there  is  then  a  very  brief  interval,  when  expiration  follows, 
which  has  its  maximum  of  intensity  at  the  commencement  of  the  act  and  gradually  dies 
away.'  Between  the  acts  of  expiration  and  inspiration  is  an  interval,  which  is  somewhat 
longer  than  that  which  occurs  after  inspiration. 

The  duration  of  expiration  is  generally  somewhat  greater  than  that  of  inspiration, 
although  they  may  be  nearly,  or  in  some  instances  quite  equal.  After  from  five  to  eight 
ordinary  respiratory  acts,  an  effort  generally  occurs  which  is  rather  more  profound  than 
the  rest,  and  by  which  the  air  in  the  lungs  is  more  effectually  changed.  The  temporary 
arrest  of  the  acts  of  respiration  in  violent  muscular  efforts,  in  straining,  in  parturition, 
etc.,  is  familiar  to  all. 

Ordinarily  respiration  is  not  accompanied  by  any  sound  which  can  be  heard  without 
applying  the  ear  directly,  or  by  the  intervention  of  a  stethoscope,  to  the  respiratory 
organs;  except  when  the  mouth  is  closed  and  breathing  is  carried  on  exclusively 
through  the  nasal  passages,  when  a  soft,  breezy  murmur  accompanies  both  acts.  If  the 
mouth  be  sufiiciently  opened  to  admit  the  free  passage  of  air,  no  sound  is  to  be  heard  in 
health.  In  sleep,  the  respirations  are  unusually  profound ;  and,  if  the  mouth  be  closed, 
the  sound  is  rather  more  intense. 

Snoring,  a  peculiar  soimd,  more  or  less  marked,  which  sometimes  accompanies  the 
respiratory  acts  during  sleep,  occurs  when  the  air  passes  through  both  the  mouth  and  the 
nose.  It  is  more  marked  in  inspiration,  sometimes  accompanying  both  acts,  and  sometimes 
it  is  not  heard  in  expiration.  It  is  not  necessary  to  describe  the  characters  of  a  sound 
so  familiar.  Snoring  is  an  idiosyncrasy  with  many  individuals,  although  those  who  do  not 
snore  habitually  may  do  so  when  the  system  is  unusually  exhausted  and  relaxed.  It  only 
occurs  when  the  mouth  is  open,  and  the  sound  is  prpduced  by  vibration  and  a  sort  of 
flapping  of  the  velum  pendulum  palati,  between  the  two  currents  of  air  from  the  mouth 
and  nose,  together  with  a  vibration  in  the  column  of  air  itself. 

Applying  the  stethoscope  over  the  larynx  or  trachea,  a  sound  is  heard,  of  a  distinctly 
and  purely  tubular  character,  accompanying  both  acts  of  respiration.  In  inspiration, 
according  to  Dr.  Austin  Flint,  "  it  attains  its  maximum  of  intensity  quickly  after  the  de- 
velopment of  the  sound  and  maintains  the  same  intensity  to  the  close  of  the  act,  when 
the  sound  abruptly  ends,  as  if  suddenly  cut  off."    After  a  brief  interval,  the  sound  of  ex- 

'  In  Ustenlnff  to  tho  respiratory  murmur  over  the  substance  of  the  lungs,  the  expiratory  follows  tlio  inspiratory 
sound  wltliout  on  Interval.  The  Interval  between  tho  acts  of  Insph-atlon  and  expiration  is  only  appreciated  as  tho  air 
passes  in  and  out  at  the  mouth. 
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piration  follows.    This  is  also  tubular  in  quality ;  it  soon  attains  its  maximum  of  intensity, 
but,  unlike  tbe  sound  of  inspiration,  gradually  dies  away  and  is  lost  imperceptibly.    It  is 
seen  that  tbese  phenomena  correspond  with  the  nature  of  the  two  acts  of  respiration  _ 
Sounds  approximating  in  character  to  the  foregoing  are  heard  over  the  bronchial 

tubes  before  they  penetrate  the  lungs.  ,    ,      ^         i    rff..o„t      h«  oh<^v 

Over  the  substance  of  the  lungs,  a  sound  may  be  heard  entirely  different  m  ts  char- 
acter from  that  heard  over  the  larynx,  trachea,  or  bronchial  tubes.    In  inspiration,  the 
sound  s  much  less  intense  than  over  the  trachea  and  has  a  breezy,  expansive,  or  wha 
s  called  in  auscultation  a  vesicular  character.    It  is  much  lower  in  pitch  than  the  trach 
ound    It  is  continuous  and  rather  increases  in  intensity  from  its  commencement  to  its 
tZLtion  ending  abruptly,  like  the  tracheal  inspiratory  sound.    The  sound  is  produced 
rZTrtbe  movement  of  air  in  the  small  bronchial  tubes,  but  chiefly  by  the  expansion 
of  L  innulrable  air-cells  of  the  lungs.    It  is  followed,  without  an  interval,  y  t  e  sound 
of  expiration,  which  is  shorter,  one-fifth  to  one-fourth  as  long,  lower  in  pitch,  and  very 
iiinMi  Ipss  intense.    A  sound  is  not  always  heard  m  expiration.  ,  „ 

""The  v-^Tons  in  the  intensity  of  the  respiratory  sounds  in  ^^iff-^Vhth '.^ tivl 
very  considerable.    As  a  rule  they  are  more  intense  m  young  persons  -^^-^^^^^^^ 
rise  to  the  term  puerile  respiration,  when  the  sounds  arc  -^f  "^^^  inTe^^^^^^^^^^ 
in  certain  cases  of  disease.    The  sounds  are  generally  more  intense  in  temales 
males,  particularly  in  the  upper  regions  of  the  thorax.  „^^,,rate  idea  of  tbe 

It  is  difficult  by  any  description  or  comparison  to  '^^"^^ ^^^J^  f      S^ous  to 
character  of  the  sounds  heard  over  the  lungs  and  a.r-passages,  and     is  supertluo 
make  the  attempt,  when  they  can  be  so  easily  studied  m  tbe  living  subject. 

Oou^Un,,  Sne.in,,  Si.Un,,  (^f^^^^^^^^:^:^  f:rnfa';T 
peculiar  acts  demand  a  few  words  of  explanat  on  ^^I  J.t^  or  nasal  passages,  al- 
L-ally  involuntary  acts,  produced  by  irritation  ^^^J^^J^l^^^  I'^J  a  deep  in- 
though  coughing  is  often  voluntary.  In  both  of  ''^''l  ^'';  '^^^^^^  ^Mcli  the 
spiration,  followed  by  a  convulsive  action  of  the  f  J^^^    '  ^y  tbe  mouth, 

I  is  violently  expelled  with  a  ^^^^^^^ ^ 

and  in  the  other  by  the  mouth  and  nares.    Foreign  ^^^^les  ,f  t,on- 

are  frequently  expelled  in  violent  fits  of  couglung.  J'^J^^-^-^  act  of  coughing 
chial  mucous  membrane,  the  accumulated  '^^^^^^^^f /"''''''^^i.Ued  by  the  act  of  ex- 
either  to  the  mouth  or  well  into  the  la^-ynx,  'itatKn  ft-oin  a  foreign  sub- 

pectoration.  When  either  of  these  acts  is  the  '•««'^\°2Trtre  will,  but  is  not  corn- 
stance  or  secretions,  it  may  be  modified  ^^^^.^^^^^^^f^^^^^^  at  the  summit 
pletely  under  control.  The  exquisite  sensibility  of  f'^^^J^^^^  ^^t,,^ee  of  foreign 
of  the  air-passages,  under  most  circumstances,  pimecis  Luem 

bv  the  membrane 

matters,  both  hquid  and  solid  ;  for  the  ^^^f       ^^XXlng  matter  is  removed, 
gives  rise  to  a  violent  and  involuntary  cough,  by  which  tbe  onena  y 
The  glottis  is  also  spasmodically  contracted.  .  a  rapid  and  generally  an 

In  sighing,  a  prolonged  and  deep  -P-^ion  -  ^^^^^^^^^      1  ^^^^^^^^^^ 

audible  expiration.    This  occurs,  -^J^^^te  lungs  ^^^^^^^  "^^^  *° 

acts,  for  the  purpose  of  changing  the  an  ^^t/^f  respiration.  When  due 

exaggeration  of  the  cause  which  gives  rise  to  t^e  oid  naiy  ^^^s  o  ^^^.^^  1,33 

to  depressing  emotions,  it  has  the  ^^-^^^'^^^  ^Icl  Tuuis  from'sighing  in  the 
effectually  performed.    Pawning  is  an  analogou  pi^^^^^^^  It  is  cbarac- 

fact  that  it  is  involuntary  and  cannot  be  proc  uced  by  an  efloi  t  o 
terized  by  a  wide  opening  of  the  mouth  and  a  very  ^ofound  n  p 
generally'assumed  to  be  an  evidence  of  fa  igue  bu  f^^^lZc^o  as  sighing,  viz., 
tagion.  When  not  the  result  of  imitation,  ;t  l^as  ttie  san  e  ex^^^^  satisfaction,  which  shows 
deficient  oxygenation  of  the  blood,  and  it  is  follow  ed  by  a  sense 
that  it  meets  some  decided  want  on  the  part  of  the  system. 
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Lm^hmg  and  sobbing,  though  expressing  opposite  conditions,  are  produced  by  very 
much  Se  same  mechanism.  The  characteristic  sounds  accompanymg  these  act  are  the 
"suk  of  sZ  rTpid,  and  convulsive  movements  of  the  diaphragm  accompanied  by  con- 
rlc  ons  of  the  mu  cles  of  the  face,  ^vhich  produce  the  expressions  characteristic  of 
Mk  itror  gr  ef  Although  to  a  certain  extent  under  the  control  ot  the  will,  these  acts  are 
S  inXtary.  Violent  and  convulsive  laughter  may  be  excited  m  many  mdividua 
r^tfCn^^^  certain  portions  of  the  surface  of  the  body.  Laughter  and  sometimes 
sobbinsr  like  yawning,  may  be  the  result  of  involuntary  imitation. 

E  cc'outh  L  a  peculiar  modification  of  the  act  of  inspiration  to  which  it  is  exc  usively 
fi  !r       i=,  nroduced  by  a  sudden,  convulsive,  and  entirely  involuntary  contraction 
Jthe  diap    a^^^^^^^^^^^  ^  spasmodic  constriction  of  the  glottis.    The  contrac 

tion  of  the  diaph  agm  is  more  extensive  than  in  laughing  and  sobbing  and  occurs  on  y 
once  ev  ry  four  or  ive  respiratory  acts.    The  causes  which  give  rise  to  hiccough  are  nu- 
merous   nd  many  of  them  are  referable  to  the  digestive  system.    Among  these  may  b 
mrtloned  the  ra'pid  ingestion  of  a  quantity  of  dry  food  or  of  effervescing  or  alcoholic 
drinks.    It  occurs  frequently  in  cases  of  disease. 

Capacity  of  the  Lungs,  and  the  Quantity  of  Air  changed  in  the  JRespiratory 

Acts. 

Several  points  of  considerable  physiological  interest  arise  in  this  connection.  It  is 
evident  from  the  simple  experiment  of  opening  the  chest,  when  the  elastic  lungs  collapse 
and  exilel  a  certain  quantity  of  air  which  cannot  be  removed  whde  the  lungs  are  ^^ 
that  a  part  of  the  gaseous  contents  of  these  organs  necessarily  remams  after  the  most 
complete  and  forcible  expiration.  After  an  ordinary  act,  there  is  a  certam  quantity 
of  air  in  the  lungs  which  can  be  expelled  by  a  forced  expiration.  In  ordinary  respi- 
ration, a  comparatively  small  volume  of  air  is  introduced  with  inspn-ation  which  is  ex- 
peUed  by  the  succeeding  expiration.'  By  the  extreme  action  of  ail  the  mspiratory 
muscles  in  a  forced  inspiration,  a  supplemental  quantity  of  air  may  be  introduced  into  the 
lungs,  which  then  contain  much  more  than  they  ever  do  in  ordmary  respiration.  For 
convenience,  many  physiologists  have  adopted  the  foUowing  names,  which  are  applied  to 

these  various  volumes  of  air :  ^      ,       •  ^• 

1  Besidual  Air  ;  that  which  is  not  and  cannot  be  expeUed  by  a  forced  expiration. 

2.  Eeserve  Air;  that  which  remains  after  an  ordinary  expiration,  deductmg  the 
residual  air. 

3.  Tidal,  or  ordinary  Breathing  Air ;  that  which  is  changed  by  the  ordinary  acts 
of  inspiration  and  expiration. 

4.  Gomplemental  Air;  the  excess  over  the  ordinary  breathing  air,  which  may  be 
introduced  by  a  forcible  inspiration. 

The  questions  relating  to  the  above  divisions  of  the  respired  air  have  been  made  the 
subject  of  numerous  iuvestigations ;  but,  although  at  first  it  might  seem  easy  to  deter- 
mine all  of  them  by  a  sufficient  number  of  experiments,  the  necessary  observations  are 
attended  with  considerable  difficulty,  and  the  sources  of  error  are  numerous.  In  measur- 
ing the  air  changed  in  ordinary  breathing,  it  has  been  found  that  the  acts  of  respiration 
are  so  easily  influenced  by  the  mind  and  it  is  so  difficult  to  experiment  on  any  individual 
without  his  knowledge,  that  the  results  of  many  good  observers  are  not  to  be  relied 
upon.  This  is  one  of  the  most  important  of  the  questions  under  consideration.  The 
difficulties  in  the  way  of  estimating  with  accuracy  the  residual,  reserve,  or  complemental 
volumes,  will  readily  suggest  themselves.  The  observations  on  these  points,  which  may 
be  taken  as  the  most  definite  and  exact,  are  those  of  Herbst,  of  Gottingen,  and  Hutchin- 
son, of  England.    Those  of  the  last-named  observer  are  exceedingly  elaborate  and  were 

•  Experiments  have  shown  that  a  certain  volume  of  air  is  lost  in  the  lunffs,  the  expired  air  being  a  little  less  in 
volume  than  the  quantity  inspired  (from     to  ,'„).   This  is  not  taken  into  account  in  this  connection. 
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made  on  an  immense  number  of  subjects  of  both  sexes  and  of  all  ages  and  occupations. 
They  are  generally  accepted  by  physiologists  as  the  most  extended  and  accurate. 

Residual  Air. — Perhaps  there  is  not  one  of  the  questions  under  consideration  more 
difficult  to  answer  definitely  than  that  of  the  quantity  of  air  which  remains  in  the  lungs 
after  a  forced  expiration ;  hut  it  fortunately  is  not  one  of  any  great  practical  importance. 
The  residual  air  remains  in  the  lungs  as  a  physical  necessity.  The  lungs  are  always,  in 
health,  in  contact  with  the  walls  of  the  thorax;  and,  when  this  cavity  is  reduced  to  its 
smallest  dimensions,  it  is  impossible  that  any  more  air  should  be  expelled.  The  volume 
which  thus  remains  has  been  variously  estimated  at  from  forty  cubic  inches  (Fontana)  to 
two  hundred  and  twenty  cubic  inches  (Jurin).  Dr.  Hutchinson,  who  has  carefully  con- 
sidered this  point,  estimates  the  residual  volume  at  about  one  hundred  cubic  inches,  but  he 
states  that  it  varies  very  considerably  in  diflerent  individuals.  Taking  every  thing  into 
consideration,  we  may  assume  this  estimate  to  be  as  nearly  correct  as  any.  It  is  certain 
that  the  lungs  of  a  man  of  ordinary  size,  at  their  minimum  of  distention,  contain  more 
than  forty  cubic  inches  of  air;  and,  from  measurements  of  the  capacity  of  the  thorax, 
deducting  the  estimated  space  occupied  by  the  heart  and  vessels  and  the  parenchyma 
of  the  lungs,  it  is  shown  that  the  residual  air  cannot  amount  to  any  thing  like  two  hun- 
dred cubic  inches. 

There  is  no  special  division  of  the  function  of  respiration  connected  with  the  residual 
air.  It  remains  in  the  lungs  merely  as  a  physical  necessity,  and  its  volume  must  not  be 
taken  into  account  in  considering  the  volumes  which  are  changed  in  any  of  the  opera- 
tions connected  with  breathing. 

Reserve  Air— Tina  name  is  appropriately  given  to  the  volume  of  air  which  may  be 
expelled  and  changed  by  a  voluntary  effort,  but  which  remains  in  the  lungs,  added  to  the 
residual  air,  after  an  ordinary  act  of  expiration.  It  may  be  estimated,  without  any 
reference  to  the  residual  air,  by  forcibly  expelling  air  from  the  lungs,  after  an  ordinary 
expiration.    The  average  volume  is  one  hundred  cubic  inches. 

The  reserve  air  is  more  or  less  changed  whenever  we  experience  a  necessity  for  a 
more  complete  renovation  of  the  contents  of  the  lungs  than  ordinary.  It  is  encroached 
upon  in  the  unusually  profound  inspiration  and  expiration  which  occur  every  five  or  six 
acts.  It  is  used  in  certain  prolonged  vocal  efforts,  in  blowing,  etc.  Added  to  the  residual 
air,  it  constitutes  the  minimum  capacity  of  the  lungs  in  ordinary  respiration.  As  it  is 
continually  receiving  watery  vapor  and  carbonic  acid,  it  is  always  more  or  less  vitiated, 
and,  when  reenforced  by  the  breathing  air,  which  enters  with  inspiration,  is  continually 
in  circulation,  in  obedience  to  the  law  of  the  diffusion  of  gases.  Those  who  are  in  the 
habit  of  arresting  respiration  for  a  time,  as  pearl-divers,  learn  to  change  the  reserve  an- 
as completely  as  possible  bv  several  forcible  acts  and  then  fill  the  lungs  with  fresh  air. 
In  this  way  they  are  enabled  to  suspend  the  respiratory  acts  for  from  one  to  two  minutes 
without  inconvenience.  The  introduction  of  fresh  air  with  each  mspii-ation,  and  the 
constant  diffusion  which  is  going  on  and  by  which  the  proper  quantity  of  oxygen  finds 
its  way  to  the  air-cells,  give,  in  ordinary  breathing,  a  composition  to  the  air  in  the 
deepest  portions  of  the  lungs  which  insures  a  constant  aeration  of  the  blood. 

Tidal  or  Ordinary  Breathing  ^zV.-The  volume  of  air  which  is  changed  in  the 
ordinary  acts  of  respiration  is  subject  to  immense  physiological  variations,  and  the 
respiratory  movements,  as  regards  intensity,  are  so  easily  influenced  by  the  "imd,  that 
great  care  is  necessary  to  avoid  error  in  estimating  the  volume  of 

The  estimates  of  Herbst  and  of  Hutchinson  are  the  results  of  very  extended  obser^atlon9 
made  with  great  care  and  are  generally  acknowledged  to  be  as  nearly  accurate  as  pos- 
sible.   As  a  mean  of  these  observations,  it  has  been  found  that  the  average  vol 
breathing  air,  in  a  man  of  ordinary  stature,  is  twenty  cubic  inches.  According  to  llutcn- 
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inson  ia  perfect  repose,  when  the  respiratory  movements  are  hardly  perceptible,  not 
more'  than  from  seven  to  twelve  cubic  inches  are  changed ;  while,  under  excitement,  he 
has  seen  the  volume  increased  to  seventy-seven  cubic  inches.  Of  course  the  latter  is 
temporary  Herbst  noted  that  the  breathing  volume  is  constantly  increased  in  pro- 
portion to  the  stature  of  the  individual  and  bears  no  definite  relation  to  the  apparent 
capacity  of  the  chest. 

Complemmtal  The  thorax  may  be  so  enlarged  by  an  extreme  voluntary  in- 

spiratory effort  as  to  contain  a  quantity  of  air  much  larger  than  after  an  ordinary  in- 
spiration. The  additional  volume  of  air  thus  taken  in  may  be  estimated  by  measurmg 
all  the  air  which  can  be  expeUed  from  the  lungs  after  the  most  profound  inspiration,  and 
deducting  the  sum  of  the  reserve  air  and  breathing  air.  This  quantity  has  been  found 
by  Hutchinson  to  vary  in  different  individuals,  bearing  a  close  relation  to  stature.  The 
mean  complemental  volume  is  one  hundred  and  ten  cubic  inches. 

The  complemental  air  is  drawn  upon  whenever  an  effort  is  made  which  requires  a 
temporary  arrest  of  respiration.  Brief  and  violent  muscular  exertion  is  generally  pre- 
ceded by  a  profound  inspiration.  In  sleep,'  as  the  volume  of  breathing  air  is  somewhat 
increased,  the  complemental  air  is  encroached  upon.  A  part  or  the  whole  of  the  com- 
plemental air  is  also  used  in  certain  vocal  efforts,  in  blowing,  in  yawning,  in  the  deep 
inspiration  which  precedes  sneezing,  in  straining,  etc. 

Summary.— la  a  healthy  male  of  medium  stature,  the  residual  air,  which  cannot  be 
expelled  from  the  lungs,  amounts  to  about  one  hundred  cubic  inches. 

The  reserve  air,  which  can  be  expelled  but  which  is  not  changed  in  ordinary  respi- 
ration, amounts  to  about  one  hundred  cubic  inches. 

The  tidal  air,  which  is  changed  in  ordinary  respiration,  amounts  to  about  twenty 
cubic  inches. 

The  complemental  air,  which  may  be  taken  into  the  lungs  after  the  completion  of  an 
ordinary  act  of  inspiration,  amounts  to  about  one  hundred  and  ten  cubic  inches. 

Extreme  Breathing  Capacity. — By  the  extreme  breathing  capacity  is  meant  the  vol- 
ume of  air  which  can  be  expelled  from  the  lungs  by  the  most  forcible  expiration,  after 
the  most  profound  inspiration.  This  has  been  called  by  Dr.  Hutchinson  the  vital  capa- 
city, as  signifying  "the  volume  of  air  which  can  be  displaced  by  living  movements." 
Its  volume  is  equal  to  the  sum  of  the  reserve  air,  the  breathing  air,  and  the  complemental 
air,  and  represents  the  extreme  capacity  of  the  chest,  deducting  the  residual  air.  Its 
physiological  interest  is  due  to  the  fact  that  it  can  readily  be  determined  by  an  appro- 
priate apparatus,  the  spirometer,  and  comparisons  can  thus  be  made  between  different 
iudividuals,  both  healthy  and  diseased.  The  number  of  observations  on  this  point  made 
by  Dr.  Hutchinson  is  enormous,  amounting  in  all  to  little  short  of  five  thousand. 

The  extreme  breathing  capacity  in  health  is  subject  to  variations  which  have  been 
shown  to  bear  a  very  close  relation  to  the  stature  of  the  individual.  Hutchinson  com- 
mences with  the  proposition  that,  in  a  man  of  medium  height  (five  feet  eight  inches),  it 
is  equal  to  two  hundred  and  thirty  cubic  inches.  He  h{is  shown  that  the  extreme  breath- 
ing capacity  is  constant  in  the  same  individual,  and  that  it  is  not  to  be  increased  by  habit 
or  practice. 

The  most ,  striking  result  of  the  experiments  of  Dr.  Hutchinson,  with  regard  to  the 
modifications  of  the  vital  capacity,  is  that  it  bears  a  definite  relation  to  stature,  without 
being  affected  in  a  very  marked  degree  by  weight  or  the  circumference  of  the  chest. 
This  is  especially  remarkable,  as  it  is  well  known  that  height  does  not  depend  so  much 
upon  the  length  of  the  body  as  upon  the  length  of  the  lower  extremities. 

It  has  been  ascertained  that  for  every  inch  in  height,  between  five  and  six  feet,  the 
extreme  breathing  capacity  is  increased  eight  cubic  inches. 
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The  following  table  shows  the  mean  results  of  the  immense  number  ot  observations 
on  which  this  conclusion  is  based : 

Progression  of  the  Vital  Capacity  Volume  'hoith  the  Stature. 


Height. 


Bfeet  0  inches  )  .g  fggj  ^ 
5   "     2     "  ) 

5    "..     4     "  ="  " 

I    "     I  f»    "  =  " 

5   "     8     "      /  5         9  <c 

5  "  10  "  r 

5  "    10     "      /k    II  1,  11 

6  "     0     "      i  ^ 

Mean  of  all  Heights  


Series  from 
observations  on 
1,012  coses. 

Series  from 
observations  on 
1,923  cases. 

Series  in 
nritlimetical 
progression. 

1st  result. 

Sd  reeuU. 

l'75-O 

iTe-o 

1740 

188'5 

191-0 

190-0 

206-0 

207  0 

206-0 

222'0 

228-0 

222-0 

23'7-B 

241-0 

2380 

254-5 

258-0 

254-0 

214-0 

217-0 

214-0 

Age  has  an  influence,  though  less  marked  than  stature,  upon  the  extreme  breathing 
capacity.  As  the  result  of  4,800  observations  (males),  it  was  ascertained  that  the  volume 
increases  with  age  up  to  the  thirtieth  year,  and  progressively  decreases,  with  tolerable 
regularity,  from  the  thirtieth  to  the  sixtieth  year.  These  figures,  though  necessarily  sub- 
iect  to  certain  individual  variations,  may  be  taken  as  the  basis  for  examinations  of  the 
extreme  breathing  capacity  in  disease,  which  frequently  give  important  information. 
Of  course,  the  breathing  capacity  is  modified  by  any  abnormal  condition  which  mterferes 
■with  the  mobility  of  the  thorax  or  the  dilatability  of  the  lungs. 

matiom  in  Volume  of  the  Expired  to  the  Inspired  Air.-A  certain  proportion  of  the 
inspired  air  is  lost  in  respiration,  so  that  the  air  expired  is  always  a  little  less  m  volume 
than  that  which  is  taken  into  the  lungs.  All  the  older  -Pf'^^^^^^:  ^^^^P*  f 
were  agreed  upon  this  point.  The  loss  was  put  by  Davy  at  ^,  and  by  Cuvier  at  ^  of 
Te  amount  of  air  introduced.  Observations  on  this  point,  to  be  exact,  must  mclude  a 
c  ns  deraSe  number  of  respiratory  acts;  and,  from  the  difficulty  of  ?ontmumg  r 

perfectly  regular  Ld  normal  -^^^^^^^ZT^  o^^l 
function,  the  most  accurate  results  ^^^^  P^^^f^^^^^^^^^  hJurs  in  a  confined 

lower  animals.    Despretz  caused  six  young  rabbits  to  respire  lor  „„„-_x  •  tl^at 

space  containing  two  hundred  and  ninety-nine  <^-^^<^  ^^.^^l''^^^^^^^^  W 
tL  volume  had  diminished  sixty-one  -bic  -che.  or  a        mo    *  ^ 
may  take  the  approximations  of  Davy  and  Ouvier,  as  appneo 
nearly  correct,  and  assume  that,  in  the  lungs,  from  A  to      of  the  inspirea 

J^iffusion  of  Air  in  tUe  Lun^s  -^^^en  .^i:^^^^^ 
about  twenty  cubic  inches  of  fresh  air  is  introduced,  sufiicient  ^^^y  t°  n  ^.^ 
larger  bronchial  tubes,  it  is  evident  that  some  forces  must  ^ct 

finds  its  way  into  the  air-cells  and  the  vitiated  -  j^^-jl^t^^fr charged  with 
expelled  with  the  succeeding  expiration.    The  expired  a^^jnay  .^^^ 
noxious  gases,  by  holding  the  breath  for  a  few  seconds,  that,  when  collecte 
under  water,  it  is  incapable  of  supporting  combustion. 
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The  interchange  between  the  fresh  air  in  the  upper  portiona  of  the  respiratory  appa- 
ratus and  the  air  in  the  deeper  parts  of  the  lungs  is  constantly  going  on,  in  obedience  to 
the  well-known  law  of  the  diffusion  of  gases,  aided  by  the  active  currents  or  impulses 
produced  by  the  alternate  movements  of  the  chest.  When  two  gases,  or  mixtures  of 
Lses  of  different  densities  are  brought  in  contact  with  each  other,  they  diffuse  or  mingle 
with  great  rapidity,  untU,  if  undisturbed,  the  whole  mass  has  a  uniform  density  and  oom- 
nosition  This  has  been  shown  to  take  place  between  very  light  and  very  heavy  gases 
in  opposition  to  the  laws  of  gravity,  and  even  when  two  reservoirs  are  connected  by  a 
small  tube  many  feet  in  length,  though  then  it  proceeds  quite  slowly.  In  the  respn:a  ory 
apparatus,  at  the  termination  of  inspiration,  the  atmospheric  air,  composed  of  a  mixture 
of  oxygen  and  nitrogen,  is  introduced  into  the  tubes  with  a  considerable  impetus  and  is 
brought  into  contact  with  the  gas  in  the  lungs,  which  is  much  heavier,  as  it  contains  a 
considerable  quantity  of  carbonic  acid.  Diffusion  then  takes  place,  aided  by  the  elastic 
lun^s  which  are  gradually  forcing  the  gaseous  contents  out  of  the  cells,  until  a  certam 
portion  of  the  air  loaded  with  carbonic  acid  finds  its  way  to  the  larger  tubes,  to  be 
thrown  off  in  expiration,  its  place  being  supplied  by  the  fresh  air. 

In  obedience  to  the  law  established  by  Graham,  that  the  diffusibility  of  gases  is  in- 
versely proportionate  to  the  square  root  of  their  densities,  the  penetration  of  atmos- 
pheric air,  which  is  the  lighter  gas,  to  the  deep  portions  of  the  lungs  would  take  place 
with  greater  rapidity  than  the  ascent  of  the  air  charged  with  carbonic  acid ;  so  that 
eighty-one  parts  of  carbonic  acid  should  be  replaced  by  ninety-five  of  oxygen.  It  is 
found,  indeed,  that  the  volume  of  carbonic/ acid  exhaled  is  always  less  than  the  volume 
of  oxygen  absorbed.  This  difiusion  is  constantly  going  on,  so  that  the  air  in  the  pul- 
monary vesicles,  where  the  interchange  of  gases  with  the  blood  takes  place,  maintains  a 
pretty  uniform  composition.  The  process  of  aeration  of  the  blood,  therefore,  has  none 
of  that  intermittent  character  which  attends  the  muscular  movements  of  respiration, 
which  would  undoubtedly  occur  if  the  entire  gaseous  contents  of  the  lungs  were  changed 
with  every  respiratory  act. 


CHAPTER  V. 

CHANGES  WmCR  TRE  AIR  AND  THE  BLOOD  UNDERGO  IN  RESPIRATION. 

Composition  of  the  air — Consumption  of  oxygen — Exhalation  of  carbonic  acid— Influence  of  age— Eolations  hetween 
the  quantity  of  oxygen  consumed  and  the  quantity  of  carbonic  acid  exhaled — Exhalation  of  watery  vapor — Ex- 
halation of  ammonia — Exhalation  of  organic  matter — Exhalation  of  nitrogen — Changes  of  the  blood  in  respu-a- 
tion  (hffimatosis)— Difference  in  color  between  arterial  and  venous  blood— Comparison  of  the  gases  in  venous 
and  arterial  blood — Analysis  of  the  blood  for  gases — Relative  quantities  of  oxygen  and  carbonic  acid  in  venous 
and  arterial  blood— Nitrogen  of  the  blood— Condition  of  the  gases  in  the  blood— Mechanism  of  the  interchange 
of  gases  between  the  blood  and  the  air  in  the  lungs— Relations  of  respiration  to  nutrition,  etc.— Views  of  physi- 
ologists anterior  to  the  time  of  Lavoisier— Relations  of  the  consumption  of  oxygen  to  nutrition— Relations  of 
the  exhalation  of  carbonic  acid  to  nutrition— Essential  processes  of  respiration — The  respiratory  sense,  or  want 
on  the  part  of  the  system  which  induces  the  respiratory  movements— Respu-atory  efforts  before  birth— Cuta- 
neous respbation — AsphjTcla.  r 

From  the  allusions  which  we  have  already  made  to  the  general  process  of  respiration, 
it  is  apparent  that,  before  the  discovery  of  the  nature  of  the  gases  whicli  compose  the 
air  and  those  which  are  exhaled  from  the  lungs,  it  was  impossible  for  physiologists  to 
have  any  correct  ideas  of  the  nature  of  this  important  function.  It  is  not  surprising  that 
the  ancients,  observing  the  regular  introduction  of  air  into  the  lungs  and  noting  the  fact 
that  the  air  is  generally  much  cooler  than  the  body,  supposed  the  great  object  of  respi- 
ration to  be  the  cooling  of  the  blood.  It  is  also  evident  that  no  definite  knowledge  of 
any  of  the  processes  of  respiration  could  exist  prior  to  the  discovery  of  the  circulation 
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of  the  blood  and  our  knowledge  of  the  composition  of  the  air  and  the  properties  of 
oxygen. 

The  discovery  of  the  properties  of  oxygen  and  carbonic  acid,  although  bearing  upon  the 
great  question  under  consideration,  were  simply  isolated  facts  and  failed  to  develop  any 
definite  idea  of  the  changes  of  the  air  and  blood  in  respiration.  The  application  of  these 
facts  was  made  by  the  great  chemist,  Lavoisier,  who  was  the  first  to  employ  the  delicate 
balance  in  chemical  investigation,  and  whose  observations  mark  the  beginning  of  an 
accurate  knowledge  of  the  function  of  respiration.  With  the  balance,  Lavoisier  showed 
the  nature  of  the  oxides  of  the  metals ;  he  discovered  that  carbonic  acid  is  formed  by  a 
union  of  carbon  and  oxygen ;  and,  noting  the  consumption  of  oxygen  and  the  produc- 
tion of  carbonic  acid  in  respiration,  advanced,  for  the  first  time,  the  view  that  the  one 
was  employed  in  the  production  of  the  other.  Although,  as  would  naturally  be  expected, 
the  doctrines  of  this  great  observer  have  been  modified  with  the  advances  in  science,  he 
developed  facts  which  will  stand  forever,  and  which  have  served  as  the  starting-point  of 
all  our  knowledge  on  this  subject.  From  that  time,  physiologists  began  to  regard  respi- 
ration as  consisting  in  the  appropriation  of  oxygen  and  the  exhalation  of  carbonic  acid  ; 
and  now  the  seat  of  this  process  is  simply  changed  from  the  lungs  to  the  tissues.  From  the 
limited  knowledge  of  the  intimate  phenomena  of  nutrition  which  obtamed  in  his  day, 
Lavoisier  could  not  be  expected  to  entertain  any  other  view  than  that  the  carbonic  acid 
produced  was  the  result  of  a  direct  union  of  oxygen  with  carbon  in  the  blood.  It  is 
only  since  investigations  have  made  manifest  the  great  complexity  of  the  processes  of 
nutrition,  that  some  are  unwilling  to  believe  that  carbonic  acid  is  produced  in  so  simple 
a  way  as  it  appeared  to  Lavoisier. 

Composition  of  the  ^m-.— Pure  atmospheric  air  is  a  mechanical  mixture  of  79-19  parts 
of  nitrogen  with  20-81  parts  of  oxygen  (Dumas  and  Boussingault).  It  contains,  in  addi- 
tion, a  very  small  quantity  of  carbonic  acid,  about  one  part  in  2,000  by  volume.  The  air 
is  never  free  from  moisture,  which  is  very  variable  in  quantity,  being  generally  more 
abundant  at  a  high  than  at  a  low  temperature.  In  1840,  Schonbein  discovered  in  the 
air  a  peculiarly  odorous  principle  called  ozone,  which  he  conceived  to  be  a  compound  of 
oxygen  and  hydrogen,  but  which  is  now  pretty  well  shown  to  be  an  allotropic  form  of 
oxygen.  Oxygen  obtained  by  decomposing  water  by  the  Voltaic  pile  is  in  this  condition. 
It  exists  in  very  small  quantity  in  the  air,  and,  as  far  as  we  know,  plays  no  important 
part  in  the  function  of  respiration.  Its  chief  interest  has  been  in  its  theoretical  rela- 
tions to  epidemic  diseases.  Floating  ui  the  atmosphere,  are  a  number  of  excessively- 
minute  organic  bodies.  Various  odorous  and  other  gaseous  matters  may  be  present  as 
accidental  constituents  of  the  atmosphere. 

In  considering  the  function  of  respiration,  it  is  not  necessary  to  take  account  of  any 
of  the  constituents  of  the  atmosphere  except  oxygen  and  nitrogen,  the  others  bemg 
either  inconstant  or  existing  in  excessively  minute  quantity.  It  is  necessary  to  the  regu- 
lar performance  of  the  function,  that  the  air  should  contain  about  four  parts  of  mti-ogen 
to  one  of  oxygen  and  have  about  the  density  which  exists  on  the  general  surface  of  the 
globe  When  the  density  is  very  much  increased,  as  in  mines,  respiration  is  usually 
more  or  less  disturbed.  By  exposure  to  a  rarefied  atmosphere,  as  in  the  ascent  of  high 
mountains  or  in  aerial  voyages,  respiration  may  be  very  seriously  interfered  w,  h,  from  the 
fact  that  less  oxygen  than  usual  is  presented  to  the  respiratory  surface  and  the  reduced 
atmospheric  pressure  diminishes  the  capacity  of  the  blood  for  holding  gases  m  solution. 

Magendie  and  Bernard,  in  experimenting  on  tlie  minimum  proportion  of  oxygen  n 
the  air  which  is  capable  of  sustaining  life,  found  that  a  rabbit,  confined  under  a  bell- 
glass,  with  an  arrangement  for  removing  the  carbonic  acid  and  water  exhaled  as  fa  a 
they  were  produced,  died  of  asphyxia  when  the  quantity  of  oxygen  became  reduced  to 

from  three  to  five  per  cent.  ,  .    ,      i     •     i„  i,„,-„  i,non 

A  few  experiments  are  on  record  in  which  the  human  subject  and  animals  ha^e  been 
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made  to  respire  for  a  time  pure  oxygen.  Although  this  is  the  gas  which  is  essential  in 
ordinary  respiration,  the  process  being  carried  on  about  as  well  in  a  mixture  of  oxygen 
with  hydro-en  as  with  nitrogen,  the  functions  do  not  seem  to  be  much  altered  when  the 
pure  gas  is"  taken  into  the  lungs.  Allen  and  Pepys  confined  animals  for  twenty-four 
hours  in  an  atmosphere  of  pure  oxygen  without  any  notable  results;  but  as  is  justly 
remarked  by  Longet,  these  experiments  do  not  show  that  it  would  be  possible  to  respire 
unmixed  oxygen  indefinitely  without  inconvenience.  As  it  exists  in  the  air,  oxygen  is 
undoubtedly  in  the  best  form  for  the  permanent  maintenance  of  the  respiratory  func- 
tion. The  blood  seems  to  have  a  certain  capacity  for  the  absorption  of  oxygen,  which  is 
not  increased  when  the  pure  gas  is  respired. 

The  only  other  gas  which  has  tlie  power  of  maintaining  respiration,  even  for  a  time, 
is  nitrous  oxide.  This  is  absorbed  by  the  blood-corpuscles  with  great  avidity,  and,  for  a 
time,  it  produces  an  exaggeration  of  the  vital  processes,  with  delirium,  ctc.-properties 
which  have  given  it  the  common  name  of  the  laughing  gas ;  but  this  condition  is  fol- 
lowed by  ancesthesia,  and  finally  asphyxia,  probably  because  the  gas  has  such  an  afiinity 
for  the  blood-corpuscles  as  to  remain  to  a  certain  extent  fixed,  interfering  with  that  mter- 
change  of  gases  which  is  essential  to  life.  Notwithstanding  this,  experimenters  have 
confined  with  impunity  rabbits  and  other  animals  in  an  atmosphere  of  nitrous  oxide  for 
a  number  of  hours.  In  all  cases  they  became  asphyxiated,  but  in  some  instances  were 
restored  on  being  brought  again  into  the  ordinary  atmosphere. 

Other  gases  which  may  be  introduced  into  the  lungs  either  produce  asphyxia,  nega- 
tively, from  the  fact  they  are  not  absorbed  by  the  blood  and  are  incapable  of  carrying  on 
respiration,  like  hydrogen  or  nitrogen,  or  positively,  by  a  poisonous  efi'ect  on  the  system. 
The  most  important  of  the  gases  which  act  as  poisons  are,  carbonic  oxide,  sulphuretted 
hydrogen,  and  arseniuretted  hydrogen.  It  is  somewhat  uncertain  whether  carbonic  acid 
exert  its  deleterious  influence  as  a  poison  or  as  merely  taking  the  place  of  the  oxygen  in 
the  blood-corpuscles.  It  is  easily  displaced  from  the  blood  by  oxygen,  and  therefore 
does  not  seem  to  possess  the  properties  of  a  poison,  like  carbonic  oxide  and  some  other 
gases,  which  become  fixed  in  the  blood  and  are  not  readily  displaced  when  fresh  air  is 
introduced  into  the  lungs. 

Comumption  of  OxT/gen.—The  determination  of  the  quantity  of  oxygen  which  is  re- 
moved from  the  air  by  the  process  of  respiration  is  a  question  of  great  physiological 
interest  and  one  which  engaged  largely  the  attention  of  Lavoisier  and  those  who  have 
followed  in  his  line  of  observation.    On  this  point,  there  is  an  accumulated  mass  of 
observations,  which  are  comparatively  unimportant  from  the  fact  that  they  were  made 
before  the  means  of  analysis  of  the  gases  were  as  perfect  as  they  now  are.  Although 
many  of  the  results  obtained  by  the  older  experimenters  are  interesting  and  instructive 
as  showing  the  comparative  quantities  of  oxygen  consumed  under  various  physiological 
conditions,  they  are  not  to  be  compared  with  the  more  recent  observations.    In  the 
observations  of  Regnault  and  Reiset,  the  animal  to  be  experimented  upon  was  enclosed 
in  a  receiver  filled  with  air,  a  measured  quantity  of  oxygen  was  introduced  as  fast  as  it 
was  consumed  by  respiration,  and  the  carbonic  acid  was  constantly  removed  and  care- 
fully estimated.    In  most  of  the  experiments,  the  confinement  did  not  appear  to  inter- 
fere with  the  functions  of  the  animal,  which  ate  and  drank  in  the  apparatus  and  was  in 
as  good  condition  at  the  termination  as  at  the  beginning  of  the  observation.    This  method 
is  much  more  accurate  than  that  of  simply  causing  an  animal  to  breathe  in  a  confined 
space,  when  the  consumption  of  oxygen  and  accumulation  of  carbonic  acid  and  other 
matters  must  interfere  more  or  less  with  the  proper  performance  of  the  respiratory  func- 
tion.   As  employed  by  Regnault  and  Reiset,  it  is  only  adapted  to  experiments  on  animals 
of  small  size.    These  give  but  an  approximate  idea  of  the  processes  as  they  take  place  in 
the  human  subject,  as  it  is  natural  to  suppose  that  the  relative  quantities  of  gases  con- 
sumed and  produced  in  respiration  vary  in  different  orders  of  animals. 
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la  the  researches  on  respiration  hy  Dr.  Max  Pottonkofer,  the  conditions  for  accurate 
observation  on  the  human  subject  seem  to  have  been  fulfilled.  Dr.  Pettonkofer  con- 
structed a  chamber  large  enough  to  admit  a  man  and  allow  perfect  freedom  of  motion, 
eating,  sleeping,  etc.,  into  which  air  could  be  constantly  introduced  in  definite  quantity, 
and  from  which  the  products  of  respiration  were  constantly  removed  and  estimated.  An 
incomplete  series  of  observations  is  published,  which  has  particular  reference  to  the  prod- 
ucts of  respiration ;  and,  thus  far,  the  subject  of  consumption  of  oxygen  has  not  been  fully 
considered.  This  method  was  adapted  to  the  human  subject  on  a  small  scale  in  1843,  by 
Soharling,  but  there  was  no  arrangement  for  estimating  the  quantity  of  oxygen  furnished. 

Estimates  of  the  absolute  quantities  of  oxygen  consumed,  or  of  carbonic  acid  ex- 
haled, based  on  analyses  of  the  inspired  and  expired  .air,  calculations  from  the  average 
quantity  of  air  changed  with  each  respiratory  act,  and  the  average  number  of  respirations 
per  minute,  are  by  no  means  so  reliable  as  analyses  showing  the  actual  changes  in  the  air, 
like  those  'of  Regnault  and  Reiset,  provided  the  physiological  conditions  be  fulfilled. 
When  there  is  so  much  multiplication  and  calculation,  a  very  slight  and  perhaps  unavoid- 
able inaccuracy  in  the  quantities  consumed  or  produced  in  a  single  respiration  will  make 
an  immense  error  in  the  estimate  for  a  day  or  even  an  hour.    Bearing  in  mind  all  these 
sources  of  error,  from  the  experiments  of  Valentin  and  Brunner,  Dumas,  Regnault  and 
Reiset,  and  others,  a  sufficiently-accurate  approximation  of  the  proportion  of  oxygen 
consumed  by  the  human  subject  may  be  formed.    The  air,  which  contains,  when  inspired, 
20-81  parts  of  oxygen  per  100,  is  found  on  expiration  to  contain  but  about  16  parts  per 
100    In  other  words,  the  volume  of  oxygen  absorbed  in  the  lungs  is  five  per  cent,  or 
of  the  volume  of  air  inspired.    It  is  interesting  and  useful  to  extend  this  estimate  as  far 
as  possible  to  the  quantity  of  oxygen  absorbed  in  a  definite  time;  for  the  regulation  of 
the  supply  of  oxygen  where  many  persons  are  assembled,  as  in  public  buildmgs,  hospi- 
tals etc  is  a  question  of  great  practical  importance.    Assuming  that  the  average  respira- 
tion's per  minute  are  eighteen,  and  that,  with  each  act,  twenty  cubic  inches  of  air  are 
changed,  fifteen  cubic  feet  of  oxygen  are  consumed  in  the  twenty-four  hours,  which  repre- 
sent three  hundred  cubic  feet  of  pure  air.    This  is  the  minimum  quantity  of  air  which  is 
actually  used,  making  no  allowance  for  any  increase  in  the  intensity  of  the  respiratory 
processes,  which  is  liable  to  occur  from  various  causes.    To  meet  all  the  respiratory  exi- 
gencies of  the  system,  in  hospitals,  prisons,  etc.,  it  has  been  found  necessary  to  a  low  at 
least  eight  hundred  cubic  feet  of  air  for  each  person,  unless  tbe  situation  be  such  that  the 
air  is  changed  with  unusual  frequency ;  for,  beside  the  actual  loss  of  oxygen  m  the  respu-ed 
air,  constant  emanations  from  both  the  pulmonary  and  cutaneous  surfaces  are  taking 
place,  which  should  be  removed.    In  some  institutions  as  much  as  twenty-five  hundred 
cubic  feet  of  au-  is  allowed  to  each  person. 

The  quantity  of  oxygen  consumed  is  subject  to  great  vanations,  ^^P^-^i^g  ^P^^J^^" 
perature  the  condition  of  the  digestive  system,  muscular  activity,  etc.  The  follow  ng 
LTcSns,  the  results  of  the  observations  of  Lavoisier  and  S6guin,  give  at  a  glance  the 
variations  from  the  above-mentioned  causes: 

"1.  A  man,  in  repose  and  fasting,  with  an  external  temperature  of  90  Falir.,  con- 
sumes 1,465  cubic  inches  of  oxygen  per  hour. 

"2.  A  man,  in  repose  and  fasting,  with  an  external  temperature  of  59  Falir.,  con- 
sumes 1,627  cubic  inches  of  oxygen  per  hour.   

''  3  A  man  during  digestion,  consumes  2,300  cubic  inches  of  oxygen  per  hour. 
. "4  A  man  fasut  while  he  accomplishes  the  labor  necessary  to  raise,  in  fifteen 
minuts,  a  weight  01^343  kil.  (about  16  lb.  3  oz.  av.)  to  the  height  of  656  feet,  consumes 
3,874  cubic  inches  of  oxygen  per  hour.         .      ,    ,  ,  ^  x„  fifteen 

"5.  A  man,  during  digestion,  accomplishing  the  labor  *°  ^^Vconsu^^^^^ 

minutes,  a  weight  of  7,343  kil.  (about  IG  lb.  3  oz.  av.)  to  the  height  ot  700  feet,  consumes 

5,568  cubic  inches  of  oxygen  per  hour."  .  „  „„,,cnmr>t5on  of 

All  who  have  experimented  on  the  influence  of  temperature  upon  the  consumption  of 
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oxygen  in  the  warm-blooded  nnimals  and  in  tbe  human  subject,  have  noted  «  marked  in- 
crease at  low  temperatures.  Immediately  after  birth,  the  consumption  of  oxygen  in  the 
warm-blooded  animals  is  relatively  very  slight.  Buffon  and  Legallois  have  shown  that, 
just  after  birth,  dogs  and  other  animals  will  live  for  half  an  hour  or  more  under  water ;  and 
cases  are  on  record  where  life  has  been  restored  in  newly-born  children  after  seven,  and, 
it  has  been  stated,  after  twenty-three  hours  of  asphyxia.  (Milne-Edwards.)  During  the 
first  periods  of  existence,  the  condition  of  the  newly-born  approximates  to  that  of  a  cold- 
blooded animal.  The  lungs  are  relatively  very  small,  and  it  is  some  time  before  they  fully 
assume  then-  function.  The  muscular  movements  are  hardly  more  than  is  necessary  to  take 
the  small  amount  of  nourishment  consumed  at  that  period,  and  nearly  aU  of  the  time  is 
passed  in  sleep.  There  is  also  very  little  power  of  resistance  to  low  temperature.  Although 
accurate  researches  regarding  the  comparative  quantities  of  oxygen  in  the  venous  and 
arterial  blood  of  the  fcetus  are  wanting,  it  has  been  frequently  observed  that  the  differ- 
ence in  color  is  not  so  marked  as  it  is  after  pulmonory  respiration  becomes  established. 
The  dh-ect  researches  of  W.  F.  Edwards  have  shown  that  the  absolute  consumption  of 
oxygen  by  very  young  animals  is  very  small ;  and  the  observations  of  Legallois  on  rabbits, 
made  every  five  days  during  the  first  month  of  existence,  show  a  rapidly-increasing  de- 
mand for  this  principle  with  age. 

Eegnault  and  Eeiset  have  shown  that  the  consumption  of  oxygen  is  greater  in  lean 
than  in  very  fat  animals,  provided  they  be  in  perfect  health.  They  have  also  shown  that 
the  consumption  is  much  greater  in  carnivorous  than  in  herbivorous  animals ;  and,  in  ani- 
mals of  different  sizes,  it  is  relatively  much  greater  in  those  which  are  very  small.  In 
small  birds,  such  as  the  sparrow,  the  relative  quantity  of  oxygen  absorbed  was  ten 
times  greater  than  in  the  fowl. 

During  sleep  the  quantity  of  oxygen  consumed  is  considerably  diminished ;  and  in  hi- 
bernation it  is  so  small,  that  Spallanzani  could  not  detect  any  difference  in  tlie  composi- 
tion of  the  air  in  which  a  marmot,  in  a  state  of  torpor,  had  remained  for  three  hours. 
In  experiments  on  a  marmot  in  hibernation,  Eegnault  and  Eeiset  observed  a  reduction 
in  the  quantity  of  oxygen  consumed  to  about  ^  of  the  normal  standard. 

It  has  been  shown  by  experiments,  that  the  consumption  of  oxygen  bears  a  pretty 
constant  ratio  to  the  production  of  carbonic  acid ;  and,  as  the  observations  upon  the  influ- 
ence of  sex,  number  of  respiratory  acts,  etc.,  on  the  activity  of  the  respiratory  processes, 
have  been  made  chiefly  with  reference  to  the  carbonic  acid  exhaled,  we  shall  consider 
these  influences  in  connection  with  the  products  of  respiration. 

Experiments  on  the  effect  of  increasing  the  proportion  of  oxygen  in  the  air  have  led 
to  varied  results  in  the  hands  of  different  observers.  Eegnault  and  Eeiset,  whose 
observations  on  this  point  are  generally  accepted,  did  not  discover  any  increase  in  the 
consumption  of  oxygen  when  this  gas  was  largely  in  excess  in  the  atmosphere. 

The  results  of  conflning  an  animal  in  an  atmosphere  composed  of  twenty-one  parts  of 
oxygen  and  seventy-nine  parts  of  hydrogen  are  very  curious  and  instructive.  When 
hydrogen  is  thus  substituted  for  the  nitrogen  of  the  air,  the  consumption  of  oxygen  is 
largely  increased.  Eegnault  and  Eeiset  attribute  this  to  the  superior  refrigerating  power 
of  the  hydrogen ;  but  a  more  rational  explanation  would  seem  to  be  in  its  superior 
diffusibility.  Hydrogen  is  the  most  diffusible  of  all  gases;  and,  when  introduced  into  the 
lungs  in  place  of  the  nitrogen  of  the  air,  the  vitiated  air,  charged  with  carbonic  acid, 
is  undoubtedly  more  readily  removed  from  the  deep  portions  of  the  lungs,  giving  place 
to  the  mixture  of  hydrogen  and  oxygen.  It  is  probably  for  tliis  reason  that  the 
quantity  of  oxygen  consumed  is  increased.  It  is  probable  that  the  nitrogen  of  the  air 
plays  an  important  part  in  the  phenomena  of  respiration  by  virtue  of  its  degree  of 
diffusibility. 

In  view  of  the  great  variations  in  the  consumption  of  oxygen  dependent  on  different 
physiological  conditions,  such  as  digestion,  exercise,  temperature,  etc.,  it  is  impossible  to 
fix  upon  any  number  which  will  represent,  even  approximatively,  the  average  quantity 
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consumed  per  hour.  The  estimate  arrived  at  by  Longet,  from  a  comparison  of  the  re- 
sults obtained  by  diiforent  reliable  observers,  is  perliaps  as  near  the  truth  as  possible. 
This  estimate  puts  the  hourly  consumption  at  from  1,220  to  1,525  cubic  inches,  "in  an 
adult  male,  during  repose  and  in  normal  conditions  of  health  and  temperature." 

In  passing  through  the  lungs,  the  air,  beside  losing  a  proportion  of  its  oxygen, 
undergoes  the  following  changes: 

1.  Increase  in  temperature. 

2.  Gain  of  carbonic  acid. 

3.  Gain  of  watery  vapor. 

4.  Gain  of  ammonia. 

5.  Gain  of  a  small  quantity  of  organic  matter. 

6.  Gain,  and  occasionally  loss,  of  nitrogen. 

The  elevation  in  temperature  of  the  air  which  has  passed  through  the  lungs  bas  been 
carefully  observed  by  Dr.  Gr6hant.  He  found  that,  with  an  external  temperature  of  72° 
Fahr.,  respiring  seventeen  times  per  minute,  the  air  taken  in  by  the  nares  and  expired  by 
the  mouth,  through  an  apparatus  containing  a  thermometer  carefully  protected  from  ex- 
ternal influences,  marked  a  temperature  of  95-4°.  Taking  in  the  air  by  the  mouth,  the 
temperature  of  the  expired  air  was  93°.  At  the  commencement  of  the  expiration,  Dr. 
Gr6hant  noted  a  temperature  of  94°.  After  a  prolonged  expiration,  the  temperature 
was  9G°.    In  these  observations,  the  temperature  taken  beneath  the  tongue  was  98°. 

Exhalation  of  Carhonio  Acid.— The  production  of  carbonic  acid  in  the  respiratory 
process  is  as  universal  as  the  consumption  of  oxygen.  Experiments  have  shown  that  all 
animals  during  life  exhale  this  principle,  as  well  as  all  tissues,  so  long  as  they  retam  then- 
irritability.  This  takes  place,  not  only  wlien  the  animals  or  tissues  are  placed  m  an 
atmosphere  of  oxygen  or  common  air,  but,  as  was  observed  by  Spallanzani,  m  an 
atmosphere  of  pure  nitrogen  or  hydrogen.  This  fact  has  since  been  noted  by  W.  F.  - 
Edwards,  J.  Miiller,  G.  Liebig,  Bert,  and  others.  ,       ^,         t  ^ 

The  study  of  the  exhalation  of  carbonic  acid  presents  several  problems  of  great 

nhvsiological  interest:  ,  ,     ,  , 

1.  What  is  the  absolute  quantity  of  carbonic  acid  exhaled  by  the  lungs  m  a  given 

*'°'2.'  What  are  the  variations  in  the  exhalation  of  this  principle  due  to  physiological 
influences  ?^  is  the  relation  between  the  quantity  of  carbonic  acid  produced  and  the 
quantity  of  oxygen  consumed?  „f  /iifrpvpnt- 

On  account  of  the  variations  in  the  quantities  of  carbomc  '^^^ J/^Yt,  .  rlSorv 
periods  of  the  day,  and  particularly  the  great  influence  of  the  -P;.^f/ «      ^^^^^^  ;f 
movements,  it  is  exceedingly  difficult  to  fix  upon  ^-y^^^XTll^lS  n^^^^^^ 
Rveratre  nroportion  of  this  gas  contained  in  the  expired  air.    The  same  influences  w  eie 
ouXSg  the  consum'ption  of  oxygen,  and  the  same  difficult.s  ^^^^  ^ 
in  forming  an  estimate  of  the  proportion  of  this  gas  consumed.    As  we  assumec^  after 
a  c  mparison  of  the  results  obtained  by  different  observers,  tha  t^e  -Mme 
consumed  is  about  five  per  cent,  of  the  entire  volume  of  air,  it  may  be  stated,  as  an 
Z^^^^^o^Zt,  in  tL  intervals  of  digestion,  in  ^^^^se,  ..^^^^^^^^^^ 
as  reirards  the  frequency  of  the  pulse  and  respiration,  the  volume  of  carbonic  acm 
Shalfdis  atut  folir  pJr  cent,  of  the  volume  of  the  ^^^^^^^  . 
oxygen  which  enters  into  the  composition  of  a  definite  quantity  f  f  j]'"^^^^^^ 
cise^  equal  to  the  volume  of  the  carbonic  acid,  it  is  seen  tha  ^"^^^^^^^^^ 
oxygen  disappears  in  respiration  and  is  not  represented  m  the  carbonic  a  d  exhd  d. 

There  are  great  differences  in  the  proportion  of  carbomc  acd    J^^^^^f  "  J; 
depending  upon  the  time  during  which  the  air  has  remained  in  the  lungs.    This  interest 
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ing  point  has  been  studied  by  Vierordt,  in  a  series  of  ninety-four  experiments  made  upon 
his  own  person,  with  the  following  results : 

"When  the  respirations  are  frequent,  the  quantity  of  carbonic  acid  expelled  at  each 
expiration  is  much  less  than  in  a  slow  expiration ;  but  the  quantity  of  carbonic  acid  pro- 
duced during  a  given  time  by  frequent  respirations  is  greater  than  ,that  which  is  thrown 
off  by  slow  expirations." 

The  air  which  escapes  durmg  the  first  period  of  an  expiration  is  naturally  less  rich  in 
carbonic  acid  than  that  which  is  last  expelled  and  comes  directly  from  the  deeper  por- 
tions of  the  lungs.  Dividing,  as  nearly  as  possible,  the  expiration  into  two  equal  parts, 
Yierordt  found,  as  the  mean  of  twenty-one  experiments,  a  percentage  of  8-72  in  the 
first  part  of  the  expiration  and  5 -44  in  the  second  part. 

Temporary  arrest  of  the  respiratory  movements,  as  we  should  expect,  has  a  marked 
influence  in  increasing  the  proportion  of  carbonic  acid  in  the  exphed  air;  although  the 
absolute  quantity  exhaled  in  a  given  time  is  diminished.  In  a  number  of  experiments 
on  his  own  person,  Vierordt  ascertained  that  the  percentage  of  carbonic  acid  becomes 
uniform  in  all  parts  of  the  respiratory  organs,  after  holding  the  breath  for  forty  seconds. 
Holding  the  breath  after  an  ordinary  inspiration,  for  twenty  seconds,  the  percentage 
of  carbonic  acid  in  the  expired  air  was  increased  1-73  over  the  noi-mal  standard;  but  the 
absolute  quantity  exhaled  was  diminished  by  2-642  cubic  inches.  After  taking  the 
deepest  possible  inspiration  and  holding  the  breath  for  one  hundred  seconds,  the  per- 
centage was  increased  3'08  above  the  normal  standard;  but  the  absolute  quantity  was 
diminished  more  than  fourteen  cubic  inches.  Allen  and  Pepys  state  that  air  which  has 
passed  nine  or  ten  times  through  the  lungs  contains  9  "5  per  cent,  of  carbonic  acid. 

Vierordt  gives  the  following  formula  as  representing  the  influence  of  the  frequency  of 
the  respirations  on  the  production  of  carbonic  acid :  Taking  2'5  parts  per  hundred  as 
representing  the  constant  value  of  the  gas  exhaled  by  the  blood,  the  increase  over  this 
proportion  in  the  expired  air  is  in  exact  ratio  to  the  duration  of  the  contact  of  the  air 
and  blood. 

The  absolute  quantity  of  carbonic  acid  exhaled  in  a  given  time  is  a  more  important 
subject  of  inquiry  than  the  proportion  contained  in  the  expired  air ;  for  the  latter  is  con- 
stantly varying  with  every  modification  in  the  number  and  extent  of  the  respiratory  acts, 
and  the  volume  of  breathing  air  is  subject  to  great  fluctuations  and  is  very  difiicult  of 
determination. 

Among  the  most  reliable  observations  on  the  quantity  of  carbonic  acid  exhaled  by  the 
Imman  subject  in  a  definite  time  and  the  variations  to  which  it  is  subject,  are  those  of 
Andral  and  Gavarret  and  of  Dr.  Edward  Smith.  The  observations  of  Lavoisier  and  S6guin, 
Prout,  Davy,  Dumas,  Allen  and  Pepys,  Scharling,  and  others,  have  none  of  them  seemed 
to  fulfil  the  necessary  experimental  conditions  so  completely.  Scharling's  method  was  to 
enclose  his  subject  in  a  tight  box,  with  a  capacity  of  about  twenty-seven  cubic  feet,  to 
which  air  was  constantly  supplied ;  but  the  observations  were  comparatively  few,  being 
made  on  only  six  persons.  In  his  observations,  the  quantities  of  gas  exhaled  must  have 
been  considerably  modified  by  the  elevation  of  temperature  and  exhalation  of  moisture  in 
so  small  a  space.  The  mental  condition  of  the  subject  of  an  experiment  has  an  infiuence 
upon  the  products  of  respiration,  and  the  function  is  sometimes  modified  from  the  mere 
fact  that  an  experiment  is  being  performed ;  an  influence  which  Scharhng  did  not  fail  to 
recognize,  but  which  frequently  cannot  be  guarded  against. 

The  observations  of  Andral  and  Gavarret  were  made  on  sixty-two  persons  of  both 
sexes  and  different  ages  and  under  absolutely  identical  conditions  as  regards  digestion, 
time  of  the  day,  barometric  pressure,  and  temperature.  The  products  of  respiration  were 
collected  in  the  following  way :  A  tliin  mask  of  copper  covering  the  face  and  large- 
enough  to  contain  an  entire  expiration  was  fitted  to  the  face  by  its  edges,  which  were- 
provided  with  India-rubber  so  as  to  make  it  air-tight.  At  the  upper  part  was  a  plate  of 
glass  for  the  admission  of  light,  and  at  the  lower  part,  an  opening,  which  allowed  the- 
10 
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entrance  of  air  but  was  provided  with  a  valve  preventing  its  escape.  By  another  open- 
ing, the  mask  was  connected  by  a  rubber  tube  with  throe  glass  balloons,  capable  of  hold- 
ing 8,544  cubic  inches,  in  which  a  vacuum  had  been  previously  established.  With  the  mask 
fixed  upon  the  face,  and  a  stopcock  opened,  connected  with  the  balloons,  so  as  to  gradu- 
ate the  current  of  air,  the  subject  respires  freely  in  the  current  which  comes  from  the 
exterior  into  the  receivers.  In  this  way,  although  the  quantity  of  air  respired  is  not  meas- 
ured, the  vacuum  in  the  receivers  draws  in  the  products  of  respiration.  The  current  will 
continue  for  from  eight  to  thirteen  minutes  and  is  so  regulated  that  the  air  is  respired 
but  once.  The  quantity  of  carbonic  acid  in  the  receivers  represents  the  quantity  pro- 
duced during  the  time  that  the  experiment  has  been  going  on.  By  carefully  fulfilling  all 
the  physiological  conditions,  regulatmg  the  number  of  respirations,  as  far  as  possible,  to 
the  normal  standard,  different  observations  on  the  same  subject,  at  difi'erent  times  and  under 
the  same  conditions,  were  attended  with  results  so  nearly  identical  as  to  give  every  con- 
fidence in  the  accuracy  of  the  process.  But  even  then,  these  observers  recognized  such 
immense  variations  in  the  exhalation  of  carbonic  acid  with  the  constantly-varying  physi- 
ological conditions,  that  they  did  not  feel  justified  in  taking  their  observations  as  a  basis 
for  calculations  of  the  entire  quantity  exhaled  in  the  twenty-four  hours. 

The  results  of  the  above-mentioned  observations  on  the  male,  between  the  ages  of  six- 
teen and  thirty,  between  1  and  2  p.  m.,  under  identical  conditions  of  the  digestive  and 
muscular  systems,  each  experiment  lasting  from  eight  to  thirteen  mmutes,  showed  an 
exhalation  of  about  1,220  cubic  inches  of  carbonic  acid  per  hour. 

Dr.  Edward  Smith,  in  his  elaborate  paper  on  the  phenomena  of  respiration,  employed 
a  very  rigorous  method  for  the  estimation  of  the  carbonic  acid  exhaled.    He  used  a  mask, 
fitting  closely  to  the  face,  which  covered  only  the  air-passages.   The  air  was  admitted  after 
being  measured  by  passing  through  an  ordinary  dry  gas-meter.  The  expired  air  was  passed 
through  a  drying  apparatus,  and  the  carbonic  acid  was  absorbed  by  a  solution  of  potash, 
arranged  in  a  number  of  layers  so  as  to  present  a  surface  of  about  seven  hundred  square 
inches,  and  carefully  weighed.    This  apparatus  was  capable  of  coUecting  aU  the  carbonic 
acid  exhaled  in  an  hour.    The  estimate  was  made  for  eighteen  waking  hours  and  six  hours 
of  sleep    The  observations  for  the  eighteen  hours  were  made  on  four  persons;  namely, 
Dr  Smith,  £Bt.  38  years,  weighing  196  pounds,  6  feet  high,  with  a  vital  capacity  of  280 
cubic  inches;  Mr.  Moul,  cet.  48  years,  5  feet  9^  inches  high,  175  pounds  weight ;  Dr. 
Murie  set.  26  years,  5  feet  n  inches  high,  133  pounds  weight,  vital  capacity  2o0  cubic 
inches;  Prof.  Frankland,  at.  33  years,  5  feet  lOJ  inches  high,  and  136  pounds  weight. 
Breakfast  was  taken  at  8^  a.  m.,  dinner  at  1^,  tea  at  5^,  and  supper  at  8^  p.  m.    The  ob- 
servations occupied  ten  minutes  and  were  made  every  hour  and  half-hour  for  eighteen 
hours    The  average  for  the  eighteen  hours  gave  20,082  cubic  inches  of  carbomc  acid  for 
the  whole  period.    Observations  during  the  six  hours  of  sleep  showed  a  total  exhalation 
of  4  126  cubic  inches.    This,  added  to  the  quantity  exhaled  during  the  day,  gives  as  the 
total  exhalation  in  the  twenty-four  hours,  during  complete  repose,  24,208  cubic  mdies 
rabout  14-24  cubic  feet),  containing  7-144  oz.  av.  of  carbon.    Considering  the  great  varia- 
tions  in  the  exhalation  of  carbonic  acid,  this  estimate  can  be  nothmg  more  than  an  ap- 
proximation.   One  of  the  great  modilying  influences  is  muscular  exertion  by  which  the 
production  of  carbonic  acid  is  largely  increased.    This  would  mdicate  a  larger  quantity 
rring  ordinary  conditions  of  exercise,  and  a  much  larger  quantity  m  the  laboring  classes. 
Dr.  Smith  gives  the  following  approximate  estimates  of  these  differences: 

,      .  ^  ,  . .    7-144  oz.  av.  of  carbon. 

Inquietude  

Non-laborious  class   °° 

Laborious  class  

In  studying  the  variations  in  the  exhalation  of  carbonize  acid  ij^P^^taBt  information 
has  been  derived  from  experiments  by  many  observers  on  the  inferior  aiiima  s,  as  well  as 
from  the  observations  of  Dumas,  Prout,  Scharling,  Pettenkofer,  and  others,  on  the 
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human  subject.  Tho  principal  conditions  which  influence  the  exhalation  of  this  principle 
are  the  following :  Age  and  sex ;  activity  or  repose  of  the  digestive  system ;  form  of 
diet ;  sleep  ;  muscular  activity ;  fatigue ;  moisture  and  surrounding  temperature ;  season 

of  the  year.  ,  ^  x  t  x-u     t  • 

Influence  of  Age.— In  treating  of  the  consumption  of  oxygen,  it  was  stated  that,  durmg 
the  first  few  days  of  extra-uterine  existence,  the  demand  for  oxygen  on  the  part  of  the 
system  is  very  slight.  At  this  period  there  is  a  correspondingly-feeble  exhalation  of 
carbonic  acid.  It  is  well  known  that,  during  the  first  hours  and  days  after  birth,  tho  new 
bein<r  has  little  power  of  generating  heat,  needs  constant  protection  from  changes  in  tem- 
perature, and  the  voluntary  movements  are  very  imperfect.  During  the  first  few  days, 
indeed,  the  infant  does  little  more  than  sleep  and  take  the  smaU  quantity  of  colostrum 
which  is  furnished  by  the  mammary  glands  of  the  mother.  While  the  animal  functions 
are  so  imperfectly  developed  and  untU  the  nourishment  becomes  more  abundant  and  the 
child  begins  to  increase  rapidly  in  weight,  the  quantity  of  carbonic  acid  exhaled  is  very 

small.  1,1/. 

After  the  respiratory  function  has  become  fully  established,  it  is  probable,  from  the 
greater  number  of  respiratory  movements  in  early  life,  that  the  production  of  carbonic 
acid,  in  proportion  to  the  weight  of  the  body,  is  greater  in  infancy  than  in  adult  life. 
Du-ect  observations,  however,  are  wanting  on  this  point. 

The  observations  of  Andral  and  Gavarret  show  the  comparative  exhalation  of  carbonic 
acid  m  the  male,  from  the  age  of  twelve  to  eighty-two,  and  give  the  results  of  a  smgle 
observation  at  the  age  of  one  hundred  and  two  years.  They  show  an  increase  in  the 
absolute  quantity  exhaled,  from  the  age  of  twelve  to  thirty-two ;  a  slight  diminution, 
from  thirty-two  to  sixty ;  and  a  considerable  diminution,  from  sixty  to  eighty-two.  These 
results  are  given  in  the  following  table : 

Carbonic  acid  exhaled  per  hour 

In  boys  from  twelve  to  sixteen  years   915  cubic  inclies. 

In  young  men  from  seventeen  to  nineteen  years   1,220  " 

In  men  from  twenty-five  to  thirty-two  years   1,343     "  " 

In  men  from  thirty-two  to  sixty  years   1,220     "  " 

In  men  from  sixty-three  to  eighty-two  years   933     "  " 

In  an  old  man  of  one  hundred  and  two  years   671     "  " 

Taking  into  consideration  the  increase  in  the  weight  of  the  body  with  age,  it  is  evident 
that  the  respiratory  activity  is  much  greater  in  youth  than  in  adult  life.  Andral  and 
Gavarret  do  not  give  the  weight  of  the  subjects  of  then-  observations,  but,  as  the  weight 
generally  does  not  diminish  after  maturity,  there  can  be  no  doubt  that  there  is  a  rapid 
diminution  in  the  relative  quantity  of  carbonic  acid  produced  in  old  age. 

Scharling,  in  a  series  of  observations  on  a  boy  nine  years  of  age  and  weighing  48-5 
pounds,  an  adult  of  twenty-eight,  and  one  of  thirty-five  years,  the  latter  weighing  163-6 
pounds,  showed  that  the  respiratory  activity  in  the  child  was  nearly  twice  as  great,  in 
proportion  to  his  weight,  as  the  average  in  the  adults.  It  is  seen,  from  the  observations 
of  Andral  and  Gavarret,  that  the  absolute  increase  in  the  exhalation  of  carbonic  acid  from 
childhood  to  adult  life  is  very  slight  in  comparison  with  the  natural  increase  in  the 
weight  of  the  body;  showing  that,  proportionately, ^tlie  exhalation  of  carbonic  acid  is 
greater  in  early  life. 

Influence  of  Sex— AM  observers  have  found  a  marked  difference  between  tho  sexes,  in 
favor  of  the  male,  in  the  proportion  of  carbonic  acid  exhaled.  Andral  and  Gavarret  noted 
an  absolute  ditference  of  about  forty-five  cubic  inches  per  hour  but  did  not  take  into 
consideration  the  differences  in  the  weight  of  the  body.  Scharling,  taking  the  proportion 
exhaled  to  the  weight  of  the  body,  noted  a  marked  difference  in  favor  of  tho  male. 

Tho  difference  in  the  degree  of  muscular  activity  in  the  sexes  is  sufficient  to  account 
for  the  greater  evolution  of  carbonic  acid  in  the  male,  for  this  principle  is  exhaled  in  pro- 
portion to  the  muscular  development  of  the  individual ;  but  there  is  an  important  differ- 
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enco  connected  with  the  variations  with  age,  which  depends  upon  the  condition  of  the 
generative  system  of  the  female. 

The  absolute  increase  in  the  evolution  of  carbonic  acid  with  ago,  in  the  female,  is 
arrested  at  the  time  of  puberty  and  remains  stationary  during  the  entire  menstrual 
period,  provided  the  menstrual  flow  occur  with  regularity.  During  this  time,  the  average 
exhalation  per  hour  is  Yl4  cubic  inches.  After  the  cessation  of  the  menses,  the  quantity 
gradually  increases,  until,  at  the  age  of  sixty,  it  amounts  to  915  cubic  inches  per  hour. 
From  the  age  of  sixty  to  eighty-two,  the  quantity  diminishes  to  Y93,  and  finally  to  670 

cubic  inches.  ,  ,  e      -u  ■ 

When  the  menses  are  suppressed,  there  is  an  increase  in  the  exhalation  of  carbonic 
acid,  which  continues  until  the  flow  becomes  reestablished.  In  a  case  of  pregnancy 
observed  by  Scharling,  the  exhalation  was  increased  to  about  885  cubic  inches. 

Influence  of  Digestion.— MmoBt  all  observers  agree  that  the  exhalation  of  carbonic 
acid  is  largely  increased  during  digestion.  Lavoisier  and  Seguin  found  tliat,  in  repose 
and  fasting,  the  quantity  exhaled  per  hour  was  1,210  cubic  inches,  which  was  raised  to 
1  800  and  1,900  during  digestion.  Numerous  experiments  on  animals  have  confirmed 
this  statement.  A  very  interesting  series  of  observations  on  this  point  was  made  by 
Vierordt  upon  his  own  person.  Taking  his  dinner  at  from  12-30  to  1  p.  m.,  having  noted 
the  frequency  of  the  pulse  and  respirations  and  the  exhalation  of  carbonic  acid  at  12,  ho 
found  at  2  p.  m.,  the  pulse  and  respirations  increased  in  frequency,  the  volume  of  expired 
air  augmented,  and  that  the  carbonic  acid  exhaled  had  increased  from  15-77  to  18-22  cubic 
inches  per  minute.  In  order  to  ascertain  that  this  variation  did  not  depend  upon  the 
time  of  day  independently  of  the  digestive  process,  he  made  a  comparison  at  12  m.,  at  1 
and  at  2  p.m.  without  taking  food,  which  showed  no  notable  variation,  either  m  the 
pulse,  number  of  respirations,  volume  of  expired  air,  or  quantity  of  carbomc  acid  exhaled. 
There  can  be  no  doubt  that  the  exhalation  of  carbonic  acid  is  notably  increased  during 
the  functional  activity  of  the  digestive  system.  _  _ 

The  efi-ect  of  inanition  is  to  gradually  diminish  the  exhalation  of  carbomc  acid  _  Bidder 
and  Schmidt  noted  the  daily  production  of  carbonic  acid  in  a  cat  which  was  subjected  to 
eighteen  days  of  inanition,  at  the  end  of  which  time  it  died.  The  quantity  diminished 
gradually  from  day  to  day,  untfl,  just  before  death,  it  was  reduced  a  little  more  than  one- 
Sf.  Dr.  Smith  noted,  in  his  own  person,  the  influence  of  a  ast  o  twenty-seven  hours. 
There  was  a  marked  diminution  in  the  quantity  of  air  respired  m  the  quantity  of  vapor 
exhaled,  in  the  number  of  respirations,  and  in  the  rapidity  of  the  pulse  The  exhalation 
ofearbonic  acid  was  diminished  one-fourth.  An  interesting  point  m  tins  observation  was 
the  fact  that  the  quantity  was  as  small  four  and  a  half  hours  after  eatmg  as  at  the  end 
of  the  twenty-seven  hours.  "  An  increase  of  carbonic  acid  m  the  absence  of  food,  at  or 
feS  the  perUd  when  it  is  usually  increased  by  food,"  was  also  noted  in  the  expermient 

ml^ctf  DieL-Resnault  and  Reiset,  in  their  experiments  on  animals,  studied  the 
effect  orSrent  kinds  of  diet  upon  the  relations  of  the  quantity  of  oxygen  a^^-^bed  to 
the  carbonic  acid  exhaled.  About  the  only  conclusive  and  extended  series  of  mvestiga- 
tLn   o^Ie  Sfluen    of  diet  upon  the  absolute  quantity  of  carbomc  -id  exhaled  are 

'^'Sr^^:^:o!Z:Z:^^^^  increases  the  exhalation  of  carbonie 
acid  wht^he  cdirresjfratory  excitants,  and  the  other,  which  diminishes  the  exhalation, 

t:  fo  the  results  of  a  large  number  of  carefully-conducted  observations 

upon  four  persons : 
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"  The  excito-respiratory  are  nitrogeneous  food,  milk  and  its  components,  sugars,  rum, 
beer,  stout,  the  cereals,  and  potato. 

"  The  non-exciters  are  starch,  fat,  certain  alcoholic  compounds,  the  volatile  elements 
of  wines  and  spirits,  and  coffee-leaves. 

"  Respiratory  excitants  have  a  temporary  action ;  but  the  action  of  most  of  them 
commences  very  quickly,  and  attains  its  maximum  within  one  hour. 

"The  most  powerful  respiratory  excitants  are  tea  and  sugar;  then  coffee,  rum,  milk, 
cocoa,  ales,  and  chiccory ;  then  casein  and  gluten,  and  lastly,  gelatin  and  albumen.  The 
amount  of  action  was  not  in  uniform  proportion  to  their  quantity.  Compound  aUments, 
as  the  cereals,  containing  several  of  these  substances,  have  an  action  greater  than  that 
of  any  of  their  elements. 

"  Most  respiratory  excitants,  as  tea,  coffee,  gluten,  and  casein,  cause  an  increase  in 
the  evolution  of  carbon  greater  than  the  quantity  which  they  supply,  while  others,  as 
sugar,  supply  more  than  they  evolve  in  this  excess,  that  is,  above  the  basis.  No  sub- 
stance containing  a  large  amount  of  carbon  evolves  more  than  a  small  portion  of  that 
carbon  in  the  temporary  action  occurring  above  the  basis-line,  and  hence  a  large  portion 
remains  unaccounted  for  by  these  experiments." 

The  comparative  observations  of  Dr.  Smith  upon  the  four  persons  who  were- the  sub- 
jects of  experiment  demonstrated  one  very  important  fact ;  namely,  that  the  action  of 
different  kinds  of  food  upon  respiration  is  modified  by  idiosyncrasies  and  the  tastes  of 
different  individuals.  For  example,  in  experiments  on  his  own  person,  certain  articles 
which  were  agreeable  to  him  excited  the  exhalation  of  carbonic  acid ;  but  in  experi- 
menting with  the  same  articles  upon  Mr.  Moul,  to  whom  they  were  distasteful,  he  found 
the  respiratory  action  diminished. 

Quite  a  number  of  observers  have  noted  the  influence  of  alcohol  upon  the  products 
of  respiration ;  but  the  results  of  experiments  have  not  been  entirely  uniform.  Prout 
observed  a  constant  diminution  in  the  quantity  of  carbonic  acid  exhaled,  under  the  in- 
fluence of  alcohol.  This  has  been  confirmed  by  the  observations  of  Horn,  Vierordt,  and 
many  others ;  but  Hervier  and  Saint-Lager  assert  that  the  use  of  alcohol  increases  the 
exhalation  of  carbonic  acid.  In  the  experiments  of  Prout,  a  small  quantity  of  wine  taken 
fasting  caused  the  proportion  of  carbonic  acid  in  the  expired  air  to  fall  immediately 
from  4  to  3  parts  per  100.  During  the  four  hours  following,  it  oscUlated  between  3  "40, 
3*10,  and  3.  The  administration  of  a  second  dose,  followed  by  some  symptoms  of  in- 
toxication, diminished  the  proportion  to  2''r0  per  100.  Dr.  Fyfe,  of  Edinburgh,  showed 
that  the  depressing  effects  of  an  alcoholic  excess  were  continued  into  the  following  day. 
Dr.  Fyfe  also  noted  a  fact,  important  in  this  connection,  namely,  that  the  prolonged  use 
of  nitric  acid  and  the  condition  of  the  system  induced  by  the  administration  of  mer- 
curials were  attended  with  a  considerable  diminution  in  the  daily  amount  of  carbonic 
acid  exhaled  by  the  lungs.  In  addition,  Prout  demonstrated  that  the  exhalation  of  car- 
bonic acid  was  diminished  by  the  use  of  a  concentrated  infusion  of  tea,  and  Horn  noted 
the  same  effect  attending  slight  narcotism  produced  by  smoking  tobacco. 

The  observations  of  Dr.  Smith,  which  were  all  made  fasting,  show  a  certain  variation 
in  the  effects  of  different  alcoholic  beverages.    His  results  are  briefly  the  following : 

"  Brandy,  whiskey,  and  gin,  and  particularly  the  "latter,  almost  always  lessened  the 
respiratory  changes  recorded.  Mobile  rum  as  commonly  increased  them.  Rum-and-milk 
had  a  very  pronounced  and  persistent  action,  and  there  was  no  effect  on  the  sensorium. 
Ale  and  porter  always  increased  them,  while  sherry  wine  lessened  the  quantity  of  air 
inspired,  but  slightly  increased  the  carbonic  acid  evolved. 

"The  volatile  elements  of  alcohol,  gin,  rum,  sherry,  and  port-wine,  when  inhaled, 
lessened  the  quantity  of  carbonic  acid  exhaled,  and  usually  lessened  the  quantity  of  air 
inhaled.  The  effect  of  fine  old  port- wine  was  very  decided  and  uniform;  and  it  is 
known  that  wines  and  spirits  improve  in  aroma  and  become  weaker  in  alcohol  by  age. 
The  excito-respiratory  action  of  rum  is  probably  not  duo  to  its  volatile  elements." 
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From  these  facts,  it  would  seem  that  the  most  constant  effect  of  alcohol  and  of  alcoholic 
liquors,  such  as  wines  and  spirits,  is  to  diminish  the  exhalation  of  carbonic  acid.  This 
effect  is  almost  instantaneous,  when  the  articles  are  taken  into  the  stomach  fasting;  and 
when  taken  with  the  meals,  the  increase  in  carbonic  acid  which  habitually  accompanies 
the  process  of  digestion  is  materially  lessened.  Rum,  which  Dr.  Smith  found  to  be  a 
respiratory  excitant,  is  an  exception  to  this  rule.  Malt  liquors  seem  to  increase  the  ex- 
halation of  carbonic  acid.  With  regard  to  alcohol  itself.  Dr.  Smith  says:  "The  action 
of  pure  alcohol  was  much  more  to  increase  than  to  lessen  the  respiratory  changes,  and 
sometimes  the  former  effect  was  well  pronounced."  _ 

Regarding  as  one  of  the  great  sources  of  carbonic  acid  the  development  of  this  prin- 
ciple in  the  tissues,  whence  it  is  taken  up  by  the  blood.  Dr.  Smith  attributes  the  grateful 
and  soothing  influence  of  tea,  coffee,  eau  sucree,  and  the  other  beverages  which  he  classes 
as  respiratory  excitants,  to  their  action  in  facilitating  the  removal  of  this  prmciple  from 
the  system  The  presence  of  carbonic  acid  in  the  tissues  and  m  the  blood  produces  a 
sense  of  malaise,  or  depression,  which  we  should  suppose  would  be  relieved  by  any  thing 
which  facilitates  its  elimination.  It  is  undoubtedly  this  indefinite  sense  of  discomfort 
which  induces  the  act  of  sighing,  by  which  the  air  in  the  lungs  is  more  effectually  reno- 
vated This  view  is  sustained  by  the  fact  that  intellectual  fatigue  and  mental  emotions 
diminish  the  exhalation  of  carbonic  acid.  Apjohn  cites  an  instance  in  which  the  pro- 
portion of  carbonic  acid  in  the  expirations  was  reduced  to  2-9  parts  per  100  under  the 
influence  of  mental  depression.  „     ,     .      ■  i 

We  have  akeady  alluded  to  the  modification  in  the  exhalation  of  carbomc  acid  pro- 

In  a,  ..n,e  a.i...         noted  .n  «f  f °  ^^'J  C:.'.!!!^ 


sld,„ble  inorea»  \^X^^''^\t°^:Z.7Lt^:^r.  ,r....  .'^'^^^^  i--- 
muscular  exercise.    In  insects,  Mr.  ^ewpon  twentv-four  hours  of  repose.    In  a 

times  exhaled  in  an  hour  of  violent  agi  ation  than  in  twenty  fou  1 
drone,  the  exhalation  in  twenty-four  hours  Lavoisier  recognized  the 

lent  Muscular  exertion  the  exhalation  ^°^,7Xr/chang^^^^^^      treattg  of  the 

great  influence  of  — .jf^^^^^^^^^^  the  Relative  quantities  of  air 

consumption  of  oxygen,  we  have  quoteu 

vitiated  in  repose  and  activity.  i^nninn  snbioct  ascertained  that  moder- 

Yierordt,  in  a  number  of  ol^-^'-^^-J^^J^^^^  by  nearly  nineteen 

ate  exercise  increased  the  average  q"^"*'^^  "l^'^'J^'^^'if,  j^ch  per  minute  in  the  ab- 
cubic  inches,  and  that  there  was  an  increase  of  1 197  cubic  mci  i 

solute  quantity  of  carbonic  acid  exhaled.  ir^wnrd  Smith  on  the  influence  of 

The  following  results  of  the  experiments  of  Dr.  Edward  bmitli  on 
exercise  are  very  definite  and  satisfactory : 
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IB  walking  at  the  rate  of  two  miles  an  hour,  the  exhalation  of  carbonic  acid  during 
one  hour  was  equal  to  the  quantity  produced  during  l-J  hour  of  repose  with  food,  and  2^ 
hours  of  repose  without  food.  i  i.   na  i  ux, 

Walking  at  the  rate  of  three  miles  per  hour,  one  hour  was  equal  to  23  hours  with, 

and  3i  hours  without  food.  ,  .  ,    i  w 

One  hour's  labor  at  the  tread-wheel,  while  actually  working  the  wheel,  was  equal  to 

A\  hours  of  rest  with  food,  and  6  hours  without  food.  ,  ^.  . 

The  various  observers  we  have  cited  have  remarked  that,  when  musenlar  exertion  is 

carried  so  far  as  to  produce  great  fatigue  and  exhaustion,  the  exhalation  of  carbonic  acid 

is  notably  diminished.  ,  i  w  c 

Influence  of  Moisture  and  Temperature.-LehTnann  has  shown  that  the  exhalation  of 
carbolic  acid  is  much  greater  in  a  moist  than  in  a  dry  atmosphere.  This  conclujon 
was  the  result  of  a  number  of  experiments  on  birds  and  ammals  confined  in  air  at  differ- 
ent temperatures  and  different  degrees  of  moisture.  He  fonnd  that  35*  oz  av.  weight  of 
rabbits,  at  a  temperature  of  about  100°  Fahr.,  exhaled  during  an  hour  before  noon,  in  a 
dry  air,  about  15  cubic  inches  of  carbonic  acid ;  while,  in  a  moist  air  at  the  same  tempera- 
ture, the  exhalation  was  about  22  cubic  inches.  _ 

Disregarding  observations  on  the  influence  of  temperature  in  cold-blooded  animals  as 
inapplicable  to  the  human  subject,  it  has  been  ascertained  that  the  exhalation  of  carbonic 
acid  is  much  greater  at  low  than  at  high  temperatures,  within  the  limits  of  heat  and  cold 
that  are  easily  borne  by  the  human  subject;  thus  following  the  rule  which  governs  the 

consumption  of  oxygen.  ,      ,       .  . 

The  experiments  of  Vierordt  on  the  human  subject  show  that  there  is  an  increase  m 
the  exhalation  of  carbonic  acid  of  about  one-sixth,  under  the  influence  of  a  moderate 
diminution  in  temperature.  In  these  observations,  the  low  temperatures  ranged  between 
37-5°  and  59°,  and  the  high  temperatures  between  60-5°  and  15-5°  Fahr.  He  found  the 
quantity  of  air  taken  into  the  lungs  sUghtly  increased  at  low  temperatures.  The  abso- 
lute quantity  of  carbonic  acid  exhaled  per  minute  was  18-27  cubic  inches  for  the  low 
temperatures,  and  15-73  cubic  inches  for  the  high  temperatures. 

Influence  of  the  Season  of  the  Tear.-lt  has  been  pretty  well  estabhshed  by  the  re- 
searches of  Dr.  Smith,  that  spring  is  the  season  of  the  greatest,  and  fall  the  season  of 
the  least  activity  of  the  respiratory  function. 

The  months  of  maximum  are :  January,  February,  March,  and  April. 
The  months  of  minimum  are:  July,  August,  and  a  part  of  September. 
The  months  of  decrease  are:  June  and  July. 
The  months  of  increase  are :  October,  November,  and  December. 
W  F.  Edwards,  in  1819,  showed  in  a  marked  manner  the  influence  of  the  seasons 
upon  the'  respiratory  phenomena  in  birds.    In  a  series  of  very  curious  observations,  which 
he  repeatedly  verified,  it  was  demonstrated  that  the  increase  in  the  activity  of  respiration 
during  the  winter  was  to  a  certain  extent  independent  of  the  immediate  influence  of  the 
surrounding  temperature.    In  the  month  of  January,  he  confined  six  yellow-hammers  in 
a  receiver  containing  71-4  cubic  inches  of  air,  carrying  the  temperature  from  69  to  70 
Fahr    The  mean  duration  of  their  life  was  62  minutes  25  seconds.    In  the  months  of 
August  and  September,  he  repeated  the  experiment  on  thirteen  birds  of  the  same  species, 
at  the  same  temperature.    The  mean  duration  of  life  was  82  minutes.    These  experiments 
have  an  important  bearing  on  our  views  concerning  the  essential  nature  of  the  respira- 
tory function.   They  seem  to  indicate  that  the  respiratory  processes  are  intimately  con- 
nected with  nutrition.    Like  the  other  nutritive  phenomena,  they  undoubtedly  vary  at 
different  seasons  of  the  year  and  are  to  a  certain  extent  independent  of  sudden  and 
transitory  conditions.    During  the  winter,  more  air  is  habitually  used  than  in  summer, 
and  the  respiratory  processes  cannot  be  immediately  brought  down  to  the  summer 
standard  by  a  mere  elevation  of  temperature. 

Observations  on  the  influence  of  barometric  pressure  are  not  sufficiently  definite  in 
their  results  to  warrant  any  exact  conclusions. 
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Some  physiologists  have  attempted  to  fix  certain  hours  of  the  day  when  the  exhalation 
of  carbonic  acid  is  at  its  maximum  or  at  its  minimum ;  hut  the  respiratory  activity  is 
influenced  by  such  a  variety  of  conditions,  that  it  is  impossible  to  do  this  with  any  degree 
of  accuracy. 

Belations  between  the  Quantity  of  Oxygen  consumed  and  the  Quantity  of 

Carbonic  Acid  exhaled. 

Oxygen  unites  with  carbon  in  certain  proportions  to  form  carbonic-acid  gas,  the  vol- 
ume of  which  is  precisely  equal  to  the  volume  of  the  oxygen  which  enters  into  its  com- 
position. In  studying  the  relations  of  the  volumes  of  these  gases  in  respiration,  we  have 
a  guide  in  the  comparison  of  the  volumes  of  the  inspired  and  expired  air.  It  is  now 
generally  recognized  that  the  volume  of  air  expired  is  less,  at  an  equal  temperature,  than 
the  volume  of  air  inspired.  Assuming,  then,  that  the  changes  in  the  expired  air,  as  re- 
gards nitrogen  and  all  gases  except  oxygen  or  carbonic  acid,  are  insignificant,  it  must  bo 
admitted  that  a  certain  quantity  of  the  oxygen  consumed  by  the  economy  is  unaccounted 
for  by  the  oxygen  which  enters  into  the  composition  of  the  carbonic  acid  exhaled.  We 
have  already  noted  that  from  -bV,  or  about  1-4  to  2  per  cent,  of  the  inspired  air  is 

lost  in  the  lungs ;  or  it  may  be  stated,  in  general  terms,  that  the  oxygen  absorbed  is  equal 
to  about  five  per  cent,  of  the  volume  of  air  inspired,  and  the  carbonic  acid  exhaled,  only 
about  four  per  cent.  A  certain  amount  of  the  deficiency  in  volume  of  the  expired  air  is 
to  be  accounted  for,  then,  by  a  deficiency  in  the  exhalation  of  carbonic  acid. 

The  experiments  of  Regnault  and  Reiset,  to  which  frequent  reference  has  been  made, 
have  a  most  important  bearing  on  the  question  under  consideration.  As  these  observers 
were  able  to  accurately  measure  the  entire  quantities  of  oxygen  consumed  and  carbonic 
acid  produced  in  a  given  time,  the  relation  between  the  two  gases  was  kept  constantly  m 
view.  They  found  great  variations  in  this  relation,  mainly  dependent  upon  the  regimen 
of  the  animal.  The  total  loss  of  oxygen  was  found  to  be  much  greater  in  carnivorous 
than  in  herbivorous  animals ;  and,  in  animals  that  could  be  subjected  to  a  mixed  diet,  by 
regulating  the  food,  this  was  made  to  vary  between  the  two  extremes.  The  mean  of 
seven  experiments  on  dogs  showed  that,  for  every  1,000  parts  of  oxygen  consumed,  745 
parts  were  exhaled  in  the  form  of  carbonic  acid.  In  six  experiments  on  rabbits,  the 
mean  was  919  for  every  1,000  parts  of  oxygen. 

In  animals  fed  on  grains,  the  proportion  of  carbonic  acid  exhaled  was  greatest,  some- 
times passmg  a  little  beyond  the  volume  of  oxygen  consumed. 

"  The  relation  is  nearly  constant  for  animals  of  the  same  species  which  are  subjected 
to  a  perfectly  uniform  alimentation,  as  is  easy  to  realize  as  regards  dogs;  but  it  varies 
notably  in  animals  of  the  same  species,  and  in  the  same  animal,  submitted  to  the  same 
regimen,  but  in  which  we  cannot  regulate  the  alimentation,  as  in  fowls." 

When  herbivorous  animals  were  entirely  deprived  of  food,  the  relation  between  the 
gases  was  the  same  as  in  carnivorous  animals.  ,  ^  . ,    <<  i 

The  final  result  of  the  experiments  of  Regnault  and  Reiset  was,  that  the  relation 
between  the  oxygen  contained  in  the  carbonic  acid  and  the  total  oxygen  consumed,  vanes, 
in  the  same  animal,  from  0-62  to  1-04,  according  to  the  regimen  to  which  it  is  subjected. 
These  observations  on  animals  have  been  confirmed  in  the  human  subject  by  M.  Doyere, 
who  found  a  great  variation  in  the  relations  of  the  two  gases  in  respiration ;  the  volume 
of  carbonic  acid  exhaled  varying  between  1-087  and  0-862  for  1  part  of  oxygen  consumed 

The  destination  of  the  oxygen  which  is  not  represented  in  the  carbonic  acid  exhaled 
is  obscure.  Some  have  tliought  that  it  unites  with  hydrogen  to  form  water ;  but  there  is 
no  satisfactory  evidence  of  the  formation  of  water  in  the  economy,  and  i-esearches  Lave 
failed  to  show  that  there  is  more  thrown  oflf  from  the  body  than  is  taken  m  with  food  and 

'^"?i^e  variations  in  the  relative  volumes  of  oxygen  consumed  and  carbonic  acid  produced 
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in  respiration  are  not  favorable  to  the  hypothesis  that  the  carbonic  acid  is  the  result  of  a 
direct  action  of  oxygen  upon  carbonaceous  matters.  We  should  hardly  expect  a  definite 
relation  to  exist  between  these  two  gases  in  respiration,  when  w&  find  carbonic  acid  ex- 
haled in  the  absence  of  oxygen. 

Many  of  the  points  which  we  have  considered  with  relation  to  the  variations  in  the 
exhalation  of  carbonic  acid  have  been  investigated  by  experiments  in  Pettenkofer's  cham- 
ber, and  the  results  very  nearly  correspond  with  the  observations  of  Scharling,  Smith,  and 
others  which  we  have  quoted. 

Sources  of  Carlonic  Acid  in  the  Expired  ^ir.— All  the  carbonic  acid  in  the  expired 
air  comes  from  the  venous  blood,  -where  it  exists  in  two  forms;  in  a  free  state  in  simple 
solution,  or  at  least  in  a  state  of  very  feeble  combination,  and  in  union  with  bases,  form- 
ing the  carbonates  and  bicarbonates.  That  which  exists  in  solution  in  the  blood  is  simply 
exhaled.  The  alkalme  carbonates  and  bicarbonates  of  the  blood,  coming  to  the  lungs, 
meet  with  pneumic  acid  (discovered  by  Verdeil  in  1851),  and  are  decomposed,  giving  rise 
to  a  farther  evolution  of  gas.  It  is  pneumic  acid  which  gives  the  constant  acid  reaction 
to  the  tissue  of  the  lungs.  This  principle  is  found  in  tlie  pulmonary  parenchyma  at  aU 
periods  of  life,  from  which  it  may  be  extracted  by  the  proper  manipulations  and  obtained 
in  a  crystalline  form.  Its  quantity  is  not  very  great.  The  lungs  of  a  female  who  suffered 
death  by  decapitation  contained  about  0-77  of  a  grain. 

The  action  of  pneumic  acid  upon  the  bicarbonates  in  the  blood  has  been  illustrated 
in  a  marked  manner  by  Bernard.  "When  bicarbonate  of  soda  is  injected  into  the  jugular 
of  a  living  animal,  a  rabbit,  for  example,  it  is  decomposed  as  fast  as  it  gets  to  the  lungs, 
and  carbonic  acid  is  evolved.  This  experiment  produces  no  inconvenience  to  the  animal 
when  the  bicarbonate  is  introduced  slowly ;  but,  when  it  is  injected  in  large  quantity, 
the  evolution  of  gas  in  the  lungs  is  so  great  as  to  fill  the  pulmonary  structure  and  even 
the  heart  and  great  vessels,  and  death  is  the  result. 

Exhalation  of  Watery  Vapor. — The  fact  that  the  expired  air  contains  a  considerable 
quantity  of  watery  vapor  has  long  been  recognized ;  and  most  of  the  earlier  experimenters 
who  directed  their  attention  to  the  phenomena  of  respiration  made  the  estimation  of  the 
quantity  exhaled,  and  the  laws  which  regulate  pulmonary  transpiration,  the  subject  of 
investigation.  It  is  evident  that  there  must  be  many  circumstances  materially  influencing 
this  process,  such  as  the  hygrometric  condition  of  the  atmosphere,  temperature,  extent 
of  respiratory  surface,  etc.,  which  are  of  sufiicient  importance  to  demand  special  con- 
sideration. In  many  points  of  view,  also,  it  is  interesting  to  know  the  absolute  quantity 
of  aqueous  exhalation  from  the  lungs. 

When  the  surrounding  atmosphere  has  a  temperature  below  40°  or  43°  Fahr.,  a  distinct 
cloud  is  produced  by  the  condensation  of  the  vapor  of  the  breath.  By  breathing  upon 
any  polished  surface,  it  is  momentarily  tarnished  by  the  condensed  moisture.  Although  the 
fact  that  watery  vapor  is  contained  in  the  breath  is  thus  easily  demonstrated,  the  estimation 
of  its  absolute  quantity  presents  difficulties  which  were  not  overcome  by  the  older  physi- 
ologists. With  the  present  improved  methods  of  analysis,  however,  there  are  many  very 
accurate  means  of  estimating  watery  vapor.  One  method  is  by  the  use  of  Liebig's  bulbs 
filled  with  sulphuric  acid,  or  tubes  filled  with  chloride  of  calcium,  both  of  which  sub- 
stances have  a  great  avidity  for  water.  From  a  large  number  of  observations  on  his  own 
person  and  eight  others,  collecting  the  water  by  sulphuric  acid,  Valentin  made  the  fol- 
lowing estimate  of  the  w^eight  of  water  exhaled  from  the  lungs  in  twenty -four  hours : 

In  his  own  person,  the  exhalation  in  twenty-four  hours  was  6,055  grains. 

In  a  young  man  of  small  size,  the  quantity  was  6,042  grains. 

In  a  student  rather  above  the  ordinary  height,  the  quantity  was  11,930  grains. 

The  mean  of  his  observations  gave  a  daily  exhalation  of  8,333  grains,  or  about  1| 
lb.  av. 
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The  extent  of  respiratory  surface  has  a  very  marked  influence  on  the  quantity  of 
watery  vapor  exhaled.  This  fact  is  very  well  shown  by  a  comparison  of  the  exhalation 
in  the  adult  and  in  old  age,  when  the  extent  of  respiratory  surface  is  much  diminished. 
Barral  found  the  exhalation  in  an  old  man  less  than  haK  that  of  the  adult.  It  is  evident 
that  the  absolute  quantity  of  vapor  exhaled  is  increased  when  respiration  is  accelerated 
The  quantity  of  water  in  the  blood  also  exerts  an  important  infiuence._  Valentin  found 
that  the  pulmonary  transpiration  was  more  than  doubled  in  a  man  immediately  after 
drinking  a  large  quantity  of  water.  j.  i  • 

The  vapor  in  the  expired  air  is  derived  from  the  entire  surface  which  is  traversed  in 
respiration,  and  not  exclusively  from  the  air-cells..  The  air  which  passes  into  the  lungs 
derives  a  certain  amount  of  moisture  from  the  mouth,  nares,  and  trachea.  _  The  great  vas- 
cularity of  the  mucous  membranes  in  these  situations  as  well  as  of  the  air-cells,  and  the 
great  naraher  of  mucous  glands  which  they  contain,  serve  to  keep  the  respiratory  sur- 
faces constantly  moist.  This  is  important,  for  only  moist  membranes  allow  the  free 
passage  of  gases,  which  is  of  course  essential  to  the  process  of  respiration. 

IJxhalation  of  Ammonia,  Organic  Matter,  ete.-Ammonia  has  long  been  recognized 
as  an  exhalation  from  the  human  body  in  health,  from  the  skm  as  well  as  the  lungs.  Dr. 
U:::f::l  :L  attention,  in  his  essay  on  the  "  Coagulation  of  the  Blood  '  to  tl^e^obsei-- 
vations  of  Mr.  Reade,  Dr.  Reuling,  Viale  and  Latini,  and  others,  on  th  s  pomt  Eeulmg 
ha  shown  «i;t  the  quantity  of  ammonia  in  the  expired  air  is  increased  in  certain  diseases 
narticularly  in  urcemia.  Its  characters  in  the  expired  air  are  frequently  so  marked,  that 
TatSnts  w'ho  are  entirely  unacquainted  with  the  pathology  of  ur.mia  sometimes  recog- 
nize an  ammoniacal  odor  in  their  own  breath.  -^rr^.H^v    This  has  never 

The  pulmonary  surface  exhales  a  small  quantity  of  orgamc  matter.  This  has  never 
beercoli  red  in  sufficient  quantity  to  enable  us  to  recognize  in  it  any  peculiar  or  dis- 
Sive  ™-ties,  but  its  presence  may  be  demonstrated  by  the  fact  tha  a  sponge  com- 
nletdT  satm-ated  with  the  exhalations  from  the  lungs,  or  the  vapor  from  the  lungs 
tndeLed  in  a  glass  vessel,  wUl  undergo  putrefaction,  whicb  is  a  property  distinctive 

"'TtTweu'tr^  that  certain  substances  which  are  only  occasionally  found  m  the 
blood  may  be  eliminated  by  the  lungs.  Certain  odorous  prmciples  in  the  bre  th  a  e 
p  e  ty  constant  in  those  who  take  liquors  habitually  in  -^d-^^^;^^^-^^^^;^  ^^^^^^^ 
of  garlics,  onions,  turpentine,  and  many  other  principles  which  are  taken  mto  the  stem 

rdt^^nation  of  certain  gases,  which  are  poisonous  in 
Jy™^t^l^^^  they  are  absorbed  in  the  l^t 
lystem  in  tSe  arterial  blood,  is  very  well  shown  by  the  ^^-'l^-^^^/^^^^^^^^^ 
ritted  hydrogen,  which  produces  death  in  ^ ^-^^^^^ ;^2uiTo  Z  t^.T^^ 
proportion  of  one  to  eight  hundred,  may  be  taken  m  ^.  .n^i. 

Lpunity  and  even  be  injected  into  the  venous  system ;  -  ^"^^^  they  present 

way  into  the  veins. 

B^ala^ior.  of  Nitro,en.-Tl^^  most  accurate  direct  ^^l^^:^^^^ 
Regnault  and  Reiset,  show  that  the  exhalation  of  a  '^^,"^^'^^1,^^^^^^^^  rlmtl, 
constant  respiratory  phenomenon.    From  a  large  ^^^^r'n^^     are  subjected 

fowls,  and  birds,  these  observers  came  to  the  ™Ut  to  from 

to  thdr  habitual  regimen,  they  exhale  a  quantity  ^^^^^^^^^^  .^^..^Z 
to  ,V  of  the  weight  of  oxygen  consumed.    In  bu  ds  Ui  in    i  ,  ^,,,,^,,,,lt, 

observed  an  absorption  of  nitrogen,  but  this  was  rartiy  seen  m 
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estimating  the  nitrogen  taken  into  the  body  and  comparing  it  with  the  entire  quantity 
discharged,  arrived  at  the  same  results  in  experiments  upon  a  cow.  Barral,  by  the  same 
method"^  confirmed  these  observations  by  experiments  on  the  human  subject.  Notwith- 
standing the  conflicting  testimony  of  the  older  physiologists,  there  can  now  be  no  doubt 
that,  under  ordinary  physiological  conditions,  there  is  an  exhalation  by  the  lungs  of  a 
small  quantity  of  nitrogen. 

Changes  of  the  Blood  in  Eespiration  (Scematosis). 
It  is  to  be  expected  that  the  blood,  receiving,  on  the  one  hand,  all  the  products  of 
digestion,  and,  on  the  other,  the  products  of  disassimilation  or  decay  of  the  tissues,  con- 
nected with  the  lymphatic  system,  and  exposed  to  the  action  of  the  air  in  the  lungs, 
should  present  important  differences  in  composition  in  different  parts  of  the  vascular 
system. 

In  the  first  place,  there  is  a  marked  difference  in  color,  composition,  and  properties, 
between  the  blood  in  the  arteries  and  in  the  veins;  the  change  fi-om  venous  to  arterial 
blood  being  effected  almost  instantaneously  in  its  passage  through  the  lungs.  The  blood 
which  goes  to  the  lungs  is  a  mixture  of  the  fluid  collected  from  all  parts  of  the  body ;  and 
we  have  seen  that  it  presents  great  differences  in  its  composition  in  different  parts  of  the 
venous  system.  In  some  veins  it  is  almost  black,  and  in  some,  nearly  as  red  as  in  the 
arteries.  In  the  hepatic  vein  it  contains  sugar,  and  its  nitrogenized  constituents  and  cor- 
puscles are  diminished ;  in  the  portal  vein,  during  digestion,  it  contains  materials  absorbed 
from  the  ahmentary  canal ;  and,  finally,  there  is  every  reason  to  suppose  that  parts  which 
require  different  materials  for  their  nutrition  and  produce  different  excrementitious  prin- 
ciples exert  different  influences  on  the  constitution  of  the  blood  which  passes  through 
them.  After  this  mixture  of  different  kinds  of  blood  has  been  collected  in  the  right  side 
of  the  heart  and  passed  through  the  lungs,  it  is  returned  to  the  left  side  and  sent  to  the 
system,  thoroughly  changed  and  renovated,  and,  as  arterial  blood,  it  has  a  nearly  uniform 
composition,  as  far  as  can  be  ascertained,  in  all  parts  of  the  system.  The  change,  there- 
fore, whicli  the  blood  undergoes  in  its  passage  through  the  lungs,  is  the  transformation 
of  the  mixture  of  venous  blood  from  aU  parts  of  the  organism  into  a  fluid  of  uniform 
character,  which  is  capable  of  nourishing  and  sustaining  the  function  of  every  tissue  and 
organ  of  the  body. 

The  capital  phenomena  of  respiration,  as  regards  the  air  in  the  lungs,  are  loss  of  oxygen 
and  gain  of  carbonic  acid,  the  other  phenomena  being  accessory  and  comparatively  un- 
important. As  the  blood  is  capable  of  holding  gases  in  solution,  in  studying  the  essential 
changes  which  this  fluid  undergoes  in  respiration,  we  look  for  them  in  connection  with 
the  proportions  of  oxygen  and  carbonic  acid  before  and  after  it  has  passed  through  the 
lungs.    In  respiration,  the  most  marked  effect  on  the  venous  blood  is  change  in  color. 

Difference  in  Color  between  Arterial  and  Venous  Blood. — We  have  already  considered 
this  in  treating  of  the  properties  of  the  blood,  and  shall  take  up  in  this  connection  only 
the  cause  of  the  remarkable  change  in  the  color  of  the  blood  in  the  lungs.  This  change 
is  instantaneous,  and,  long  before  the  discovery  of  oxygen  by  Priestley,  was  recognized 
by  Lower,  Goodwyn,  and  others,  as  due  to  the  action  of  the  air. 

The  influence  of  air  in  changing  the  color  of  venous  blood  may  bo  noted  in  blood 
which  has  been  drawn  from  the  body,  as  is  exemplified  by  the  red  color  of  that  portion 
of  a  clot,  or  the  surface  of  de6brinated  venous  blood,  which  is  exposed  to  the  air.  If  we 
cut  into  a  clot  of  venous  blood,  the  interior  is  almost  black,  but  it  becomes  red  on  ex- 
posure to  the  air  for  a  very  few  seconds. 

We  have  been  in  the  habit  of  illustrating  the  physiological  influence  of  the  air  on 
venous  blood  by  the  following  simple  experiment:  Eemoving  the  lungs  of  an  animal  (a 
dog)  just  killed,  the  nozzle  of  a  syringe  is  secured  in  the  pulmonary  artery  by  a  ligature, 
and  a  canula,  connected  with  a  rubber  tube  which  empties  into  a  glass  vessel,  is  secured 
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in  the  pulmonary  vein.  Adapting  a  bellows  to  the  trachea,  we  imitate  the  process  of 
respiration ;  and,  if  defibrinated  venons  blood  be  carefully  injected  through  the  lungs,  it 
will  be  returned  by  the  pulmonary  vein,  presenting  the  bright-red  color  of  arterial  blood. 
"When  the  artificial  respiration  is  interrupted,  the  blood  passes  through  the  lungs  without 
change.'  In  exposing  the  thoracic  organs  and  keepmg  up  artificial  respiration,  repeating 
the  celebrated  experiment  of  Robert  Hook,  made  before  the  Royal  Society,  in  1664,  we 
can  see,  through  the  thin  walls  of  the  auricles,  the  red  color  of  the  blood  on  the  left  side 
contrasting  with  the  dark  venous  blood  on  the  right. 

Since  the  discovery  of  oxygen,  it  has  been  ascertained  that  this  is  the  only  constituent 
of  the  air  which  is  capable  of  arterializing  the  blood.  Priestley  showed  that  venous  blood 
is  not  changed  in  color  by  nitrogen,  hydrogen,  or  carbonic  acid ;  while  all  these  gases, 
by  displacing  oxygen,  will  change  the  arterial  blood  from  red  to  black." 

The  elements  of  the  blood  which  absorb  the  greater  part  of  the  oxygen  are  the  red 
corpuscles.  While  the  plasma  will  absorb,  perhaps,  twice  as  much  gas  as  pure  water,  it 
has  been  shown  by  Magnus  and  by  Gay-Lussac  that  the  corpuscles  will  absorb  from  ten  to 
thirteen  times  as  much.  By  some  the  proportion  is  put  much  higher.  According  to  the 
late  researches  of  Fernet,  which  have  been  confirmed  by  Lothar  Meyer,  the  volume  of 
oxygen  fixed  by  the  corpuscles  is  about  twenty-five  times  that  which  is  dissolved  in  the 
plasma. 

Comparison  of  the  Gases  in  Venous  and  Arterial  Blood— The  demonstration  of  the 
fact  that  free  oxygen  and  carbonic  acid  exist  in  the  blood,  with  a  knowledge  of  the  rela- 
tive proportion  of  these  gases  in  the  blood  before  and  after  its  passage  through  the  lungs, 
is  a  point  hardly  second  in  importance  to  the  relative  composition  of  the  air  before  and 
after  respiration.  The  idea  enunciated  by  Mayow,  about  two  hundred  years  ago,  that 
"  there  is  something  in  the  air,  absolutely  necessary  to  life,  which  is  conveyed  into  the 
blood,"  except  that  the  vivifying  principle  is  not  named  or  its  other  properties  described, 
expresses  what  we  now  consider  one  of  the  great  objects  of  respiration.  This  is 
even  more  strictly  in  accordance  with  facts  than  the  idea  of  Lavoisier,  who  supposed 
that  all  the  chemical  processes  of  respiration  took  place  in  the  lungs.  Mayow  also  de- 
scribed the  evolution  of  gas  from  blood  placed  in  a  vacuum.  Many  observers  have  smce 
succeeded  in  extracting  gases  from  the  blood  by  various  processes.  Sir  Humphry  Davy 
induced  the  evolution  of  carbonic  acid  by  raising  arterial  blood  to  the  temperature  of  200 
.  Fahr.,  and  venous  blood  to  a  temperature  of  112°;  Stevens  and  others  disengaged  gas 
by  displacement  with  hydrogen,  nitrogen,  or  the  ordinary  atmosphere;  but,  notwith- 
standing this,  before  the  experiments  of  Magnus,  in  1837,  many  denied  the  existence  m 
the  blood  of  any  free  gas  whatsoever.  . 

Analysis  of  the  Blood  for  Gases.-There  were  certain  grave  sources  of  error  in  the 
method  employed  by  Magnus,  which  render  his  observations  of  httle  value  except  as 
demonstrating  that  oxygen,  carbonic  acid,  and  nitrogen  may  be  extracted  by  the  air- 
pmnp  from  both  arterial  and  venous  blood.  The  only  source  of  error  m  the  results 
which  he  fully  recognized  lay  in  the  difficulty  in  extracting  the  entire  quantity  of  gas  m 
solution ;  but  a  careful  study  of  his  essay  shows  another  element  of  inaccuracy  which  is 
even  more  important.    The  relative  quantities  of  oxygen  and  carbomc  acid  in  any  single 

after  removiiig  the  lungs  from  the  animal,  to  inject  luem  wn-u  a  nut  ,,.f„,„,„j    Tim  inipction  should  be 

lating  hlooa  from  the  puhnonaiy  capillaries,  which  would  otherwise  become  obstructed.  ^'^^^^'^^M^.y 
madf  gently  and  gradually,  to  avoid  extravasation.   Defibrinated  °-'^>°°V  "^  wrh  the  riXLS^  l=to 
to  secure  the  canuto  in  the  vessels  Is  to  push  them  Into  the  puhnonary  arterj-  through  the  right  ventricle,  an 
the  pulmonary  vein  through  tho  left  auricle.  „»i„»  „„/i  hnnnmo  fl-ced  in  them,  the 

»  Carboni7oxido  and  nitrous  o.xlde  have  a  "^^'ty '^"^^^  ^ 

former  giving  the  blood  a  vivid  red  color.   Sugar  and  many  salts  wiU  also  redden  venous  blood.  These  agents, 
over,  do  not  hnpart  tho  physiological  properties  of  arterial  blood. 
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specimen  of  blood  present  great  variations,  dependent  upon  the  length  of  time  that  the 
blood  has  been  allowed  to  stand  before  the  estimate  of  the  gases  is  made.  As  it  is  im- 
possible to  make  this  estimate  immediately  after  the  blood  is  drawn,  on  account  of  the 
froth  produced  by  agitation  with  a  gas  when  the  method  by  displacement  is  employed, 
and  the  bubbling  of  the  gas  when  extracted  by  the  air-pump,  this  objection  is  fatal.  It 
is  necessary  to  wait  until  the  froth  has  subsided  before  attempting  to  make  an  accurate 
estimate  of  the  volume  of  gas  given  off.  The  foUowing  observation  of  Magnus  illus- 
trates this  fact.  The  observation  was  on  the  human  blood,  six  hours  after  it  had  been 
thoroughly  mixed  with  hydrogen  : 

Blood  of  Man.  ^  Carbonic  Acid. 

4-0'7'7  cubic  inches.  "       '013  cubic  inches. 

3-650        "  0-V81 

3-  838         "  1'3B5 

After  twenty-four  hours,  at  the  end  of  which  time  the  blood  had  no  odor : 

4-  07'7  cubic  inches.  I'Sl'i'  cubic  inches. 
3-650        "  l-4fi6 

3-833         "  2-075 

The  excess  of  carbonic  acid  found  twenty-four  hours  after  over  the  quantity  found 
six  hours  after,  in  the  first  and  third  specimens,  is  a  little  more  than  fifty  per  cent.,  while 
in  the  second  specimen  it  is  very  nearly  one  hundred  per  cent.  In  these  analyses,  the  pro- 
portion of  oxygen  is  not  given.  The  question  naturally  arises  as  to  the  source  of  the  car- 
bonic acid  which  was  evolved  during  the  last  eighteen  hours  of  the  observation.  This  is 
evident,  when  we  consider  one  of  the  important  properties  of  the  blood.  A  number  of 
years  ago,  Spallanzani  demonstrated  that,  in  common  with  other  parts  of  the  body,  fresh 
blood  removed  from  the  body  has,  of  itself,  the  property  of  consuming  oxygen;  and 
W.  F.  Edwards  has  shown  that  the  blood  will  exhale  carbonic  acid.  In  1856,  Harley, 
by  a  series  of  ingenious  experiments,  found  that  blood,  kept  ia  contact  with  air  in  a 
closed  vessel  for  twenty -four  hours,  consumed  oxygen  and  gave  off  carbonic  acid.  More 
recently,  Bernard  has  shown  that,  for  a  certain  time  after  the  blood  is  drawn  from  the 
vessels,  it  will  continue  to  consume  oxygen  and  exhale  carbonic  acid.  If  all  the  carbonic 
acid  be  removed  from  a  specimen  of  blood  by  treating  it  with  hydrogen,  and  if  it  be 
allowed  to  stand  for  twenty-four  hours,  another  portion  of  gas  can  be  removed  by  again 
treating  it  with  hydrogen,  and  still  another  quantity  by  treating  it  with  hydrogen  a  third 
time.  From  these  facts  it  is  clear  that,  in  the  experiment  of  Magnus,  the  excess  of  car- 
bonic acid  involved  a  post-mortem  consumption  of  oxygen ;  and  no  analyses  made  in  the 
ordinary  way,  by  displacement  with  hydrogen  or  by  the  air-pump,  in  which  the  blood 
must  necessarily  be  allowed  to  remain  in  contact  with  oxygen  for  a  number  of  hours,  can 
be  accurate.  The  only  process  which  can  give  us  a  rigorous  estimate  of  the  relative  quan- 
tities of  oxygen  and  carbonic  acid  in  the  blood  is  one  in  which  the  gases  can  be  esti- 
mated without  allowing  the  blood  to  stand,  or  in  which  the  formation  of  carbonic  acid 
in  the  specimen,  at  the  expense  of  the  oxygen,  is  prevented.  All  others  will  give  a  less 
quantity  of  oxygen  and  a  greater  quantity  of  carbonic  acid  than  exists  in  the  blood  cir- 
culating in  the  vessels  or  immediately  after  it  is  drawn  from  the  body. 

A  solution  of  this  important  and  difficult  problem  in  the  analysis  of  the  blood  has  been 
attained  by  Bernard.  This  observer  made  a  great  number  of  experiments  in  the  hope  of 
discovering  some  means  by  which  the  post-mortem  consumption  of  oxygen  by  the  blood- 
corpuscles  could  be  arrested.  He  found,  finally,  that  carbonic  oxide,  one  of  the  most  active 
of  the  poisonous  gases,  had  a  remarkable  affinity  for  the  blood-corpuscles.  When  taken 
into  the  lungs,  it  is  absorbed  by  and  becomes  fixed  in  the  corpuscles,  effectually  prevent- 
ing the  consumption  of  oxygen  and  the  production  of  carbonic  acid,  which  normally 
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takes  place  in  the  capillary  system  .Tind  which  is  one  of  the  indispensable  conditions  of 
nutrition.  The  mechanism  of  poisonmg  by  the  inhalation  of  this  gas  is  by  its  fixation  in 
the  blood-corpuscles,  their  consequent  paralysis,  and  the  arrest  of  their  function  as  re- 
spiratory organs.  As  it  is  the  continuance  of  this  transformation  of  oxygen  into  carbonic 
acid,  after  the  blood  is  drawn  from  the  vessels,  which  interferes  with  the  ordinary  analy- 
sis of  the  blood  for  gases,  wq  might  expect  to  extract  all  the  oxygen  if  we  could  imme- 
diately saturate  the  blood  with  carbonic  oxide.  The  preliminary  experiments  of  Ber- 
nard on  this  point  are  conclusive.  Ho  ascertained  that,  by  mixing  carbomc  oxide  m  suf- 
ficient quantity  with  a  specimen  of  fresh  arterial  blood,  in  about  two  hours,  all  the  oxy- 
gen which  it  contained  was  displaced.  Introducing  a  second  quantity  of  carbomc  oxide 
after  two  hours,  and  leaving  it  in  contact  with  the  blood  for  an  hour,  a  quantity  of  oxy- 
gen was  removed  so  small  that  it  might  almost  be  disregarded.  A  third  experiment  on 
the  same  blood  failed  to  disengage  any  oxygen  or  carbonic  acid.  ,  . 

The  view  entertained  by  Bernard  of  the  action  of  carbonic  oxide  in  displacing  the 
oxygen  of  the  blood  is,  that  the  former  gas  has  a  remarkable  afiinity  for  the  blood-corpus- 
cles, in  which  nearly  all  the  oxygen  is  contained,  and  when  brought  m  contact  with 
them  unites  with  the  organic  matter,  setting  free  the  oxygen,  in  the  same  way  that  the 
acid  entering  into  the  composition  of  a  salt  is  set  free  by  any  other  acid  which  has  a 
stronger  affinity  for  the  base.  There  is  every  reason  to  suppose  that  this  view  is  correct, 
as  carbonic  oxide  is  much  less  soluble  than  oxygen  and  as  it  has  the  property  of  dis- 
engaging this  gas  only  from  the  blood,  leaving  the  other  gases  stiU  m  solution. 

As  carbonic  oxide  displaces  the  oxygen  alone,  it  is  necessary  to  resort  to  some  other 
process,  in  addition  to  this,  to  disengage  the  other  gases  contained  in  the  blood    It  is 
only  necessary  to  arrest  the  action  of  the  corpuscles  upon  the  oxygen,  and  then  the 
gases  may  be  set  free  by  the  air-pump  or  any  method  which  maj- be  convenient.  The 
method  adopted  by  Lothar  Meyer,  Bernard,  Ludwig,  and  Gr^hant  for  the  ^-^-E^^^^^t 
of  all  the  gases  contained  in  the  blood  is  first  to  displace  the  oxygen  by 
using  about  two-thirds  of  gas  by  volume  to  one-third  of  blood  then  to  'attach  t,e  tube 
to  a  column  of  mercury  and  subject  the  blood  to  the  barometric  vacumn  which  sets  free 
Se  carbonic  acid  and  the  nitrogen.    The  results  obtained  by  this       1^°^  -"-f^^J 
with  our  ideas  concerning  the  nature  of  the  respu-atory  process ;  '^f  ^^^^^^ 
blood  taken  at  different  periods  show  variations  in  the  quantities  of  o^gf^^  ^h^.^' 
t  ial,  and  carbonic  acid  in  the  venous  blood,  corresponding  with  some  of  he  variations 
wMch  we  have  noted  in  the  loss  of  oxygen  and  gain  of  carbomc  acid  m  the  air  in  res- 

In'dmwing  the  blood  for  analysis,  Bernard  takes  the  fluid  dh-ectly  from  the  vessels  by 
a  syrUe  and  passes  it  under  mercury  into  a  tube,  in  such  a  way  that  it  does  not  come  m 
ontac 'with  the  air.    In  this  tube,  which  is  graduated,  the  blood  -J'-^^^^^^ 
with  carbonic  oxide,  which  displaces  the  oxygen  from  the  corpus  les  P-;;f 
formation  of  carbonic  acid  at  the  expense  of  a  portion  of  the  o^yg^-  JJe  tube  ^  then 
connected  with  an  apparatus  by  which  the  atmospheric  pressure  i  i  emoved^  In  this  way 
nearly  aU  the  gases  contained  in  the  blood  are  disengaged;  but,  '^^^"^^^^f  ^^^^'^^ 
servers  a  small  quantity  of  carbonic  acid  remains  in  the  blood  m  combmation.  This  may 
le  removerby  the  introduction  into  the  apparatus  of  a  smaU  quantity  o  tartaric  acid. 
Tt  Thistlv  remarked  by  Bert,  in  his  admirable  work  on  respiration,  that,  as  the  appa- 

t;Vf:ftL  eX^stn  of  air  has  been  made  more  and  more  ^^^^^^^^^ 
of  carbonic  acid  in  combination  has  seemed  less  and  less.  By  ar  the  f;f  f 
the  excrementitious  carbonic  acid  in  the  blood  is  extracted  by  the  removal  of  atmospheric 
pressure  in  the  most  carefully-perfected  apparatus 

The  analyses  of  Bernard,  who  obtained  from  fifteen        ^ tir,  roceVemp^^^^^^^^^ 
volume  from  the  arterial  blood,  show  the  great  imperfection  of  ^^^^^  J^^^^^ 
Magnus,  who  obtained  from  the  arterial  blood  of  horses  ^^^/'-^  ^"^^ ,™  °      ^3  ^ 
pel  cen  .  of  oxygen.    It  does  not  seem  necessary,  therefore,  to  discuss  the  criticisms 
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the  results  obtained  by  Magnus  which  were  made  by  Gay-Lussao  and  Magondie,  soon 
after  their  publication,  and  more  recently  by  Harley  and  others.' 

Bernard's  experiments  were  made  chiefly  on  dogs  and  had  special  reference  to  tlie 
proportion  of  oxygen  in  the  blood.  In  two  specimens  taken  from  a  dog  in  good  con- 
dition, a  specimen  of  arterial  blood,  drawn  from  the  vessels  by  a  syringe  and  put  in  con- 
tact with  carbonic  oxide  without  being  exposed  to  the  air,  was  found  to  contain  18-28 
per  cent.,  and  a  specimen  of  venous  blood,  taken  in  the  same  way,  842  per  cent.,  in  vol- 
ume, of  oxygen.  The  proportion  of  gases  in  the  blood  is  found  to  vary  very  considerably 
under  different  conditions  of  the  system,  particularly  with  reference  to  the  digestive 
process.  The  following  are  the  general  results  of  later  observations,  showing  the  differ- 
ences and  variations  in  the  proportions  of  all  the  gases  in  arterial  and  venous  blood. 

Arterial  blood,  while  an  animal  is  fasting,  contains  from  nine  to  eleven  parts  per 
hundred  of  oxygen.  In  full  digestion,  the  proportion  is  raised  to  seventeen,  eighteen,  or 
even  twenty  parts  per  hundred.  The  proportion  varies  in  different  animals,  being  much 
greater,  for  example,  in  birds  than  in  mammals. 

The  quantity  of  carbonic  acid  is  even  more  variable  than  the  quantity  of  oxygen. 
During  digestion  there  are  from  five  to  six  parts  per  hundred  of  free  carbonic  acid  in  the 
arterial  blood.  During  the  intervals  of  digestion  this  quantity  is  reduced  to  almost  noth- 
ing ;  and,  after  fasting  for  twenty-four  hours,  frequently  not  a  trace  is  to  be  discovered.' 

Venous  blood  always  contains  a  large  quantity  of  carbonic  acid,  both  free  in  solution 
and  combined  with  bases.  This  quantity  varies  in  different  parts  of  the  venous  system 
and  bears  a  relation  to  the  color  of  the  blood.  It  is  well  known  that  the  venous  blood 
coming  from  some  glands  is  dark  during  the  intervals  of  secretion  and  nearly  as  red  as 
arterial  blood  during  their  functional  activity.  In  the  venous  blood  from  the  submax- 
illary gland  of  a  dog,  Bernard  found  18-07  per  cent,  of  carbonic  acid  during  repose  and 
10-14  per  cent,  during  secretion.  The  blood  coming  from  the  muscles  is  the  darkest  in 
the  body  and  contains  the  greatest  quantity  of  free  carbonic  acid.  The  quantity  of  free 
carbonic  acid  is  immensely  increased  in  the  venous  blood  during  digestion.  It  is  owing 
to  this  fact  that  the  gas  then  exists  in  quantity  in  the  arterial  blood.  Bearing  in  mind 
the  fact  that  the  proportion  of  gases  in  the  arterial  and  venous  blood  varies  considerably 
under  different  conditions  of  the  system  and  that  it  is  especially  variable  in  the  blood 
of  different  veins,  we  may  take  the  following,  which  we  quote  from  Bert,  as  the  average 
results  obtained  by  the  most  recent  German  observers : 
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in  combi- 
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,.  15-03 

2'7-99 

1-15 

29-14 

1-60 

46-77 

Venous  blood . , 

. .  8-17 

31-2'7 

2-38 

83-65 

1-37 

48-19 

"If  we  now  examine  the  blood  coming  from  different  parts  of  the  body,  we  find  that 
the  blood  of  the  hepatic  veins  is  poorer  in  oxygen  and  richer  in  carbonic  acid  than  the 
general  venous  blood ;  that  the  blood  of  the  portal  vein  presents  the  same  characters  to 
a  higher  degree ;  that  the  blood  of  the  muscles  in  contraction  presents  the  same  relations 
as  compared  with  the  blood  of  muscles  in  repose  or  paralyzed ;  that,  on  the  other  hand, 
the  blood  of  the  glands  has  more  oxygen  during  their  activity  than  during  their  repose. 

1  To  Magnus  belongs  the  credit  of  demonstrating  the  important  fact  that  oxygen,  carbonic  acid,  and  nitrogen  can 
bo  extracted  from  the  blood  by  removing  the  atmospheric  pressnro.  Before  his  observations,  Gmelin,  Mitscherlich, 
and  Tledemann  placed  venous  blood  in  a  tube  over  mercury  in  the  receiver  of  an  air-pump,  and,  by  removing  tho  press- 
ure as  Ihr  as  possible,  caused  the  mercury  to  descend.  On  admittmg  air  into  tho  receiver  and  restoring  tho  press- 
ure, the  mercury  ascended,  with  tho  blood,  again  filling  the  tube  completely.  From  this  they  reasoned  that  there 
was  no  free  carbonic  acid  in  the  biood.  By  passing  up  a  little  acetic  acid,  carbonic  acid  was  set  free,  which  led  them 
to  believe  that  all  the  carbonic  acid  was  hi  combination.  Magnus  showed  that  tho  reason  why  other  observers  had 
failed  to  extract  gas  by  means  of  tlie  air-pump  was  that  tlie  rarefaction  of  tho  air  was  not  carried  suflieiently  far. 

'  These  results  are  quoted  from  Bernard  and  were  given  in  his  lectures  delivered  at  the  College  of  Franco  in  tho 
snmracr  of  18G1.  More  recent  observations  by  German  physiologists  have  shown  that  Bernard's  estimates  of  tho 
proportions  of  carbonic  acid  were  much  too  low. 
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"  If  we  compare  the  venous  blood  of  the  right  side  of  the  heart  with  the  arterial 
blood  of  the  left  side,  we  find  that  the  latter  is  richer  in  oxygen  and  poorer  in  carbonic 
acid.  In  examining  this  more  closely,  we  see  that  the  diiference  in  the  oxygen  is  greater 
than  in  the  carbonic  acid;  this  being  in  accordance  with  the  well-known  fact  that  ani- 
mals absorb  more  oxygen  than  is  equivalent  to  the  carbonic  acid  exhaled." 

These  facts  coincide  with  the  views  which  are  now  held  regarding  the  essential  pro- 
cesses of  respiration.  The  blood  going  to  the  lungs  contains  carbonic  acid  and  but  a 
small  proportion  of  oxygen.  In  the  lungs,  carbonic  acid  is  given  off,  appearing  in  the 
expired  air,  and  the  oxygen  which  disappears  from  the  air  is  carried  away  by  the  ar- 
terial blood. 

Nitrogen  of  the  Blood.— As,  far  as  is  known,  nitrogen  has  no  very  important  office  in 
the  process  of  respiration.  There  is  sometunes  a  slight  exhalation  of  this  gas  by  the 
lungs,  and  analyses  have  demonstrated  its  existence  in  solution  in  the  blood.  Magnus 
found  generally  a  larger  proportion  in  the  arterial  than  in  venous  blood,  although,  in  one 
instance,  there  was  a  larger  proportion  in  the  venous  blood.  It  is  not  absolutely  certain 
whether  the  nitrogen  which  exists  in  the  blood  be  derived  from  the  air  or  from  the 
ti=>sues.  Its  almost  constant  exhalation  in  the  expired  air  would  lead  to  the  supposition 
that  it  is  produced  in  smaU  quantity  in  the  system  or  supplied  by  the  food.  There  is  no 
evidence  that  nitrogen  enters  into  combination  with  the  blood-corpuscles;  it  exists  sim- 
ply in  solution  in  the  blood,  which  is  capable  of  absorbing  about  ten  times  as  much  as 
pure  water.  Nothing  is  known  with  regard  to  the  relations  of  the  free  nitrogen  of  the 
blood  to  the  processes  of  nutrition. 

Condition  of  the  Oases  in  the  Blood.-lt  is  now  pretty  generally  admitted  that  the 
oxygen  of  the  blood  exists,  not  in  simple  solution,  but  in  a  condition  of  feeb  e  combma- 
tion  with  certain  of  the  constituents  of  the  blood-corpuscles,  particularly  the  colormg 
matter.  In  studying  the  composition  of  the  corpuscles,  we  have  seen  that,  when  air  is 
admitted  to  venous  blood,  oxygen  unites  with  the  h^maglobme,  formmg  oxyhjema- 
globine.  Carbonic  oxide,  which  has  a  great  affinity  for  the  corpuscles,  displaces  almost 
.  fmmediately  aU  the  oxygen  which  the  blood  contains  When  the 
stroyed,  as  they  may  be  readily  by  receiving  fresh  blood  mto  a  quantity  of  pure  water, 
the  red  color  is  instantly  changed  to  black.  „     tf  wn«  this 

Carbonic  acid  is  more  easily  exhaled  from  the  blood  than  oxygen  was^this 
principle  which  was  obtained  by  those  who  first  succeeded  m  extractmg  gas  from  he 
Lod  mile  there  is  every  reason  to  suppose  that  oxygen  is  ^^^'^^^^l^^fj^l 
blood-corpuscles,  carbonic  acid  seems  to  be  in  a  condition  of  ^'^^^'f^'^l^l^^^^^ 
tained  more  especially  in  the  plasma.  What  may  be  --/^^-f  f^^^he  free  caibonic  ac^ 
of  the  blood  behaves  in  all  regards  like  a  gas  simply  held  m  solution  The  v^«-  hat  ^^^^ 
held  in  solution  chiefly  in  the  plasma  is  sustained  by  the  fact  that  serum  ^mU  absorb 
more  carbonic  acid  than  an  equal  volume  of  defibrinated  blood. 

Liebig  has  shown  that  the  phosphate  of  soda  one  of  ^^^^^^J^^^'^^f 
influences  to  a  remarkable  degree  the  ^-^tity  of  carbonic  ac^  w^^^^^^^^ 
solution  by  any  liquid.    One  hundredth  of  a  part  of  this  f  .  J^^^.^^f  1,,,, 

its  capacity  for  dissolving  carbomc  acid.    When  blood  c°n 
quantity  of  air,  oxygen  is  consumed  and  carbomc  acid  is  ^^l^^^^^^^;,  f^^^^^^^^ 
!onic  oxide,  which  has  such  a  remarkable  affinity  for  t^^^.  ^°^P^  f  JJ' 3^^^^^^ 
almost  exclusively,  is  another  argument  in  favor  of  the  view  that  the  caibonic 

contained  mainly  in  the  plasma.  j  •  j.  i      „t,  v>v  the  blood  in  its 

The  carbonic  acid  which  is  formed  in  the  tissues  and  is  taken  up      ^1^°  J^^^^^^ 

passage  through  the  capillaries  exists  in  this  fluid  n  t^f^™-  ^^Jj^^  eomi  uatn  in 
chiefly  in  the  plasma,  and  the  other,  in  a  state  of  such  ^^^^^/^^^^^Jg^^^  is 
the  bicarbonates  that  it  may  bo  disengaged  by  displacement  by  another  gas 
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readily  set  free  by  pneumio  acid.  This  gas  is  a  product  of  excretion  and  is  not  engaged 
in  any  of  the  vital  functions;  while  oxygen,  which  has  an  all-important  function  to  per- 
form unites  immediately  with  the  blood-corpuscles  and  is  not  easily  disengaged  except 
when  it  undergoes  transformation  in  the  process  of  nutrition.  In  addition  to  this 
excrementitious^'carbonic  acid,  there  is  another  portion  which  is  a  permanent  constituent 
of  the  blood  in  the  carbonates,  and  cannot  be  set  free  without  the  use  of  reagents. 

Nitrogen'  exists  in  the  blood  in  the  same  condition  of  solution  in  the  plasma  as 
carbonic  acid. 

Mechanism  of  the  Interchange  of  Gases  letween  the  Blood  and  the  Air  in  the  Lungs.— 
The  gases  from  the  air  pass  into  the  blood,  and  the  gases  of  the  blood  are  exhaled 
throuo-h  the  delicate  membrane  which  separates  these  two  fluids,  in  accordance  with 
laws  which  are  now  well  understood.  The  first  to  point  out  the  power  of  gases  thus 
to  penetrate  and  pass  through  membranes  was  the  late  Dr.  J.  K.  MitcheU,  of  Philadel- 
phia. His  attention  was  first  directed  to  this,  subject  by  noticing  the  escape  of  gas  from 
gum-elastic  balloons  filled  with  hydrogen.  Observations  on  the  lungs  of  the  snapping 
turtle  filled  with  air  and  placed  in  an  atmosphere  of  carbonic  acid  or  nitrous  oxide, 
showed  a  very  rapid  passage  of  gas  from  the  exterior  to  the  interior.  Dr.  MitcheU 
recognized  the  passage  of  gases  through  membranes  into  hquids  and  the  exhalation  of 
gases  which  were  in  solution  in  these  liquids.  He  noted  this  action  in  the  absorption  of 
oxygen  and  the  exhalation  of  carbonic  acid  in  the  lungs,  although  he  fell  into  the  error  of 
supposing  that  there  was.  no  carbonic  acid  in  solution  in  the  blood  and  that  it  was  ex- 
haled as  soon  as  formed.  A  few  years  later.  Dr.  Eogers,  of  Philadelphia,  enclosed  a 
fresh  pig's  bladder,  filled  with  venous  blood,  in  a  bell-glass  of  oxygen.  In  two  hours  a 
quantity  of  oxygen  had  been  consumed  and  a  large  quantity  of  carbonic  acid  had  made 
its  appearance. 

We  have  already  seen  that  the  blood  is  exposed  to  the  air  in  the  lungs,  separated 
from  it  only  by  a  very  delicate  membrane,  over  an  immense  surface.  The  membrane, 
far  from  interfering  with  the  interchange  of  gases,  actually  favors  it ;  and  thus,  in 
obedience  to  the  laws  which  regulate  endosmosis  between  gases  and  liquids,  the  oxygen 
is  continually  passing  into  the  blood  and  the  free  carbonic  acid  is  exhaled. 

General  Differences  in  the  Composition  of  Arterial  and  Venous  Blood. — All  observers 
agree  that  there  are  certain  marked  differences  in  the  composition  of  arterial  and  venous 
blood,  aside  from  their  free  gases.  The  arterial  blood  contains  less  water  and  is  richer 
in  organic  and  most  inorganic  constituents  than  the  venous  blood.  It  also  contains  a 
larger  proportion  of  corpuscles.  It  is  more  coagulable  and  offers  a  larger  and  firmer 
clot  than  venous  blood.  The  oiily  principles  which  are  constantly  more  abundant  in 
venous  blood  are  water  and  the  alkaline  carbonates.  According  to  Longet,  10,000  parts 
of  venous  blood  contained  12'3  parts  of  carbonic  acid  combined,  and  the  same  quantity 
of  arterial  blood  contained  but  8"3  parts.  The  deficiency  of  water  in  the  blood  which 
comes  from  the  lungs  is  readily  explained  by  the  escape  of  watery  vapor  in  the  expired  air. 

An  important  distinction  between  arterial  and  venous  blood  is  one  to  which  we  have 
already  incidentally  alluded;  viz.,  that  the  former  has  a  uniform  composition  in  all  parts 
of  the  arterial  system,  while  the  composition  of  the  latter  varies  very  much  in  the  blood 
coming  from  different  organs.  Arterial  blood  is  capable  of  carrying  on  the  processes  of 
nutrition,  while  venous  blood  is  not  and  cannot  even  circulate  freely  in  the  systemic 
capillaries. 

Relations  of  Respiration  to  Nutrition.,  etc. — It  has  boon  demonstrated  that  all  tissues, 
so  long  as  they  retain  their  absolute  integrity  of  composition,  have  the  property  of  appro- 
priating oxygen  and  exhaling  carbonic  acid,  independently  of  the  presence  of  blood;  and 
that  the  arterial  blood  carries  oxygen  from  the  lungs  to  the  tissues,  there  gives  it  up,  and 
receives  carbonic  acid,  which  is  carried  by  the  venous  blood  to  the  lungs,  to  be  exhaled. 
11 
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From  this  fact  alone,  it  is  more  than  probable  that  respiration  is  inseparably  connected 
M'ith  the  general  act  of  nutrition.  Its  processes  must  be  studied,  therefore,  as  they  take 
place  in  the  tissues  and  organs  of  the  body.  In  the  present  state  of  the  science,  the 
questions  which  naturally  arise  in  connection  with  the  essential  processes  of  respiration 
are  the  following: 

1.  In  what  way  is  oxygen  consumed  in  the  system? 

2.  IIow  is  carbonic  acid  produced  by  the  system? 

3.  What  is  the  nature  of  the  processes  which  take  place  between  the  disappearance 
of  oxygen  and  the  evolution  of  carbonic  acid  ? 

"When  these  questions  are  satisfactorily  answered,  we  shall  understand  the  essence  of 
respiration ;  but,  in  reasoning  on  this  subject,  we  must  not  fall  into  the  error  of  assimilat- 
ing the  respiratory  phenomena  too  closely  to  those  with  which  we  are  acquainted  as 
they  occur  in  inorganic  bodies.    It  must  be  remembered  that  in  the  organism  we  are 
dealing  with  principles  which  have  the  remarkable  property  of  self-regeneration,  and 
which,  as  a  simple  condition  of  normal  existence,  consume  oxygen,  when  it  is  presented 
to  them,  and  exhale  carbonic  acid.    Without  a  proper  supply  of  oxygen,  the  tissues  die, 
lose  these  peculiar  properties,  and  iinally  disappear  by  putrefactive  decomposition.^  This 
consumption  of  oxygen  cannot  be  regarded  in  any  other  light  than  as  the  appropriation, 
by  a  living  part,  of  an  element  necessary  to  supply  waste,  m  the  same  way  as  those  ma- 
terials which  are  ordinarily  called  nutritive  are  appropriated.    That  waste  is  continually 
going  on  there  can  be  no  doubt;  and,  as  the  production  of  urea,  creatine,  creatimne, 
cholesterine,  etc.,  is,  to  a  certain  extent,  independent  of  the  absorption  of  food,  so  the 
production  of  carbonic  acid  is  in  a  certain  degree  independent  of  the  absorption  of  oxy- 
ffon    How  different  are  these  phenomena  from  those  which  attend  the  combinations  and 
decompositions  of  inorganic  matters  I    As  an  example,  let  oxygen  be  brought  m  contact 
under  proper  conditions,  with  iron.    Under  these  circumstances,  a  union  of  iron  and 
oxygen  takes  place,  and  a  new  substance,  oxide  of  iron,  is  formed,  which  has  peculiar 
■  and  distinct  properties.    In  the  same  way,  carbonic  acid  may  be  disengaged  from  its 
combinations  by  the  action  of  a  stronger  acid,  which  unites  with  the  base  and  forms  a 
new  substance  in  no  way  resembling  the  original  salt.    To  make  the  contrast  stdl  more 
striking,  let  fat  be  heated  in  oxygen  or  in  the  air  untU  it  undergoes  combustion;  it  is. 
then  changed  into  carbonic  acid  and  water,  by  a  definite  chemical  reaction,  and  is  utterly 

destroyed  as  fat.  t  •      #      f-  i 

In  the  living  body  the  organic  nitrogenized  principles  are  in  a  condition  ot  continual 
change  breaking  down  and  forming  various  excrementitious  principles,  at  the  head  ot 
which  may  be  placed  carbonic  acid.    It  is  essential  to  life  that  these  principles  be  main- 
tained in  their  chemical  integrity,  which  requires  a  supply  of  fresh  matter  as  food,  and, 
above  all,  a  supply  of  oxygen.    We  put  ourselves  in  the  position  of  ignormg  ^ell-estab- 
hshed  facts  and  principles  when  we  assimilate  without  reserve  the  process  of  the  con- 
sumption of  oxygen  and  production  of  carbonic  acid  by  living  organic  bodies,  to  simple 
combustion  of  sugar  or  fat.    The  ancients  saw  that  the  breath  was  warmer  tlfn  ttie  sur- 
rounding air,  that  in  the  lungs  the  air  took  heat  from  the  body,  and,  as  they  knew  of  no 
oZr  changes  in  the  air  prof  uced  by  respiration,  they  assumed  that  its  object  was  simply 
to  cool  the  blood.    Lavoisier  discovered  that  the  air,  containing  oxygen,  lost  a  portion 
of  this  principle  in  respiration  and  gamed  carbonic  acid  and  watery  vapor.    He  saw  that 
this  might  be  imitated  by  the  combustion  of  hydro-carbons,  such  as  ^-st  -  th  b^ood. 
He  called  respiration  a  slow  combustion  and  regarded  as      P'-'^'^^P;^  "^Jl^JJ";;"';; 
nance  of  animal  temperature.    When  it  was  shown  by  analyses  of  the  Wood  fo  |a 
that  oxygen  is  not  consumed  in  the  lungs,  but  is  taken  up  by  ^^^^  "^.^'"J;^^^ 
carried  all  over  the  body,  and  that  carbonic  acid  is  ^^-ught  fi-om  idl  parts  by  t  e  b^^^^^^^ 
to  the  lungs,  these  facts,  Lken  in  connection  with  the  fact  tha  the  tissues  ^^^^^^^^ 
eity  of  consuming  oxygen  and  exhaling  carbonic  acid,  led  physiologists  to  change  the 
location  of  the  combustive  process  from  the  lungs  to  the  tissues. 
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•We  cannot  stop  at  this  point.  Now  it  is  known  that  the  organic  principles  of  the 
body  which  form  the  basis  of  all  tissues  and  organs,  are  continually  undergoing  change 
as  a  condition  of  existence ;  that  they  do  not  unite  with  any  substance  in  definite  chemi- 
cal proportions,  but  that  their  particles,  alter  a  certain  period  of  existence  degenerate 
into  excrementitious  substances  and  are  regenerated  by  an  appropriation  and  change  ot 
materials  furnished  by  the  blood.  As  far  as  the  respiration  of  these  parts  is  concerned, 
we  can  only  say,  that,  in  this  process,  carbonic  acid  is  produced  and  oxygen  is  consumed. 
These  facts  show  that  respiration  is  essentially  a  phenomenon  of  nutrition,  possessing  a 
degree  of  complexity  certainly  equal  to  that  of  the  other  nutritive  processes.  It  must 
be  acknowledged  that  thus  far  its  cause  and  intimate  nature  have  eluded  investigation. 
In  respiration  by  the  tissues,  no  one  has  yet  been  able  to  give  the  cause  of  the  absorption 
of  oxygen  or  the  exhalation  of  carbonic  acid,  or  to  demonstrate  the  condition  in  which 
oxygen  exists  when  once  appropriated,  or  the  particular  changes  which  take  place  and 
the  principles  which  are  lost,  in  the  formation  of  carbonic  acid. 

The  views  of  physiologists  with  regard  to  the  essential  processes  of  respiration,  be- 
fore the  time  of  Lavoisier,  have  barely  an  historical  interest  at  the  present  day,  except 
the  remarkable  idea  of  Mayow,  which  comprehended  nearly  the  whole  process  and 
which  was  unnoticed  for  about  a  hundred  years.  It  is  not  our  object  to  dwell  upon  the 
various  theories  which  have  been  advanced  from  time  to  time,  or  even  to  fuUy  discuss,  in 
this  connection,  the  combustion-theory  as  proposed  by  Lavoisier  and  modified  by  Liebig 
and  others.  Although  this  theory  is  nominally  received  by  many  physiologists  of  the  pres- 
ent day,  it  will  be  found  that  most  of  them,  in  accordance  with  the  facts  which  have 
since  been  developed,  really  regard  respiration  as  connected  with  nutrition.  They  only 
differ  from  those  who  reject  the  combustion-theory,  in  their  definition  of  the  term  com- 
bustion. Lavoisier  regarded  respiration  as  a  slow  combustion  of  carbon  and  hydrogen ; 
and,  if  every  rapid  or  slow  combination  of  oxygen  with  any  other  body  be  considered  a 
combustion,  this  view  is  absolutely  correct  and  was  proven  when  it  was  shown  that 
oxygen  united  with  any  of  the  tissues.  Longet  says  that  since  the  time  of  Lavoisier  it  is 
agreed  to  give  the  above  signification  to  the  word  combustion;  but  this  must  simply  be 
for  the  purpose  of  retaining  the  name  applied  by  Lavoisier  to  the  respiratory  process, 
while  its  signification  is  altered  to  suit  the  facts  which  have  since  taken  their  place  in 
science.  There  is  no  doubt  that  combustion  is  generally  regarded  as  signifying  the  direct 
and  active  union  of  oxygen  with  certain  principles  which  commonly  contain  carbon  and 
hydrogen;  and  the  immediate  products  of  this  union  are  carbonic  acid,  water,  and,  inci- 
dentally, heat  and  light.  It  is  certain  that  oxygen  does  not  unite  in  the  body  directly 
with  carbon  and  hydrogen,  although  it  is  consumed  and  carbonic  acid  and  water  are  pro- 
duced in  respiration.  Important  intermediate  phenomena  take  place,  and  we  do  not 
therefore  fully  express  the  respiratory  process  by  the  term  combustion.  The  researches 
of  Spallanzani,  W.  F.  Edwards,  Collard  de  Martigny,  and  others,  who  have  demonstrated 
the  abundant  exhalation  of  carbonic  acid  by  animals  and  by  tissues  deprived  of  oxygen, 
show  that  it  is  not  a  product  of  combustion  of  any  of  the  principles  of  the  organism. 
Rejecting  this  hypothesis  as  insufiicient  to  explain  the  intimate  nature  of  the  respira- 
tory process,  it  remains  to  he  seen  how  satisfactorily,  in  the  present  state  of  the  science, 
it  is  possible  to  answer  the  several  questions  we  have  proposed. 

1.  In  what  way  is  the  oxygen  consumed  in  the  system?  Oxygen  taken  from  the  air 
is  immediately  absorbed  by,  and  enters  into  the  composition  of  the  red  corpuscles.  Part 
of  the  oxygen  disappears  in  the  red  corpuscles  themselves,  and  carbonic  acid  is  given 
off.  To  how  great  an  extent  this  takes  place  it  is  impossible  to  say ;  but  it  is  evident, 
oven  from  a  study  of  the  methods  of  analysis  of  the  blood  for  gases,  that  the  property 
of  absorbing  oxygen  and  giving  off  carbonic  acid,  which  Spallanzani  demonstrated  to 
belong  to  the  tissues,  is  possessed  as  well  by  the  red  corpuscles.  During  life  it  is  not 
possible  to  determine  how  far  this  takes  place  in  the  blood  and  how  far  in  the  tissues. 
The  theory  has  been  proposed  that  all  the  respiratory  change  takes  place  in  the  blood  as 
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it  circulates ;  but  the  avidity  of  the  tissues  for  oxygen  and  the  readiness  with  which 
they  exhale  carbonic  acid  leave  no  room  for  doubt  that  much  of  this  change  is  effected 

in  their  substance.  i  •    v  • 

Oxygen,  carried  by  the  blood  to  the  tissues,  is  appropriated  and  consumed  m  their 
substance,  together  with  the  nutritive  materials  with  which  the  circulating  fluid  is 
charged  We  are  acquainted  with  some  of  tlie  laws  which  regulate  its  consumption  but 
have  not  been  able  to  follow  it  out  and  ascertain  the  exact  nature  of  the  changes  which 
take  place  All  that  we  can  say  definitely  on  this  point  is,  that  it  unites  with  the  organic 
principles  of  the  system,  satisfying  the  "respiratory  sense"  and  supplying  an  imperative 
want  which  is  felt  by  all  animals  and  which  extends  to  all  parts  of  the  organism.  After 
being  absorbed,  it  is  lost  in  the  intricate  processes  of  nutrition.  There  is  no  evidence  in 
favor  of  the  view  that  oxygen  unites  directly  with  carbonaceous  matters  in  the  blood 
which  it  meets  in  the  lungs,  and,  by  direct  union  with  carbon,  forms  carbonic  acid. 

2  How  is  carbonic  acid  produced  by  the  system?  That  carbonic  acid  makes  its 
appearance  in  the  blood  itself,  produced  in  the  red  corpuscles,  has  been  abundantly  proven 
by  observations  already  cited,  although  it  is  impossible  to  determine  to  what  extent  this 
takes  place  during  life.  It  is  likewise  a  product  of  the  physiological  decomposition  of 
the  tissues,  whence  it  is  absorbed  by  the  blood  circulating  in  the  capillaries  and  conveyed 
by  the  veins  to  the  right  side  of  the  heart.  It  has  been  experimentally  demonstrated 
that  its  production  is  not  immediately  dependent  upon  the  absorption  of  oxygen,  for  its 
formation  continues  in  an  atmosphere  of  hydrogen  or  of  nitrogen.  It  is  most  reasonable 
to  consider  the  carbonic  acid  thus  formed  as  a  product  of  excretion  or  disassimilation, 
like  urea,  creatine,  or  cholesterine.  The  fact  that  it  may  easily  be  produced  artificially, 
out  of  the  body,  does  not  demonstrate  that  its  formation  in  the  body  is  as  simple  as  when 
it  is  formed  by  the  process  of  combustion.  We  may  be  able  at  some  future  time  to  pro- 
duce artificially  all  the  excrementitious  principles,  as  has  already  been  done  m  the  case 
of  urea ;  but  we  are  hardly  justified  in  supposing  that  the  mode  of  formation  of  carbonic 
acid,  as  one  of  the  phenomena  of  nutrition,  is  precisely  the  same  as  when  it  is  made  by 
our  chemical  manipulations.  t 

As  expressing  nearly  all  that  is  known,  even  at  the  present  day  regardmg  the  mode 
of  formation  of  carbonic  acid  in  the  economy,  we  may  take  the  foUowing  concludmg 
passage  from  the  paper  of  Oullard  de  Martigny,  published  m  1830 : 

"The  carbonic  acid  expired  is  a  product  of  assimilative  decomposition,  secreted  in 
the  capillaries  and  excreted  by  the  lungs."  ,   .     .      .  „x„+„ 

The  carbonic  acid  thus  produced  is  taken  up  by  the  blood,  part  of  it  in  a  free  state  n 
solution,  particularly  in  the  plasma,  and  a  part  which  has  united  with  ^  f^^^^  ^^ 
form  bicirbonates.  Carried  thus  to  the  lungs,  the  free  gas  is  removed  by  snnple  dis- 
placement, and  that  which  exists  in  combination  is  set  free  by  the  acids  found  m  the 

'^^rm"e"nature  of  the  intermediate  processes,  from  tlae  —an-  o^ 
oxygen  to  the  evolution  of  carbonic  acid?  A  definite  answer  to  tbis  question  -dd 
complete  our  knowledge  of  the  respiratory  process;  but  this,  m  the  present  s  ate  of  the 
scSn  we  are  not  prepared  to  give.  We  can  only  repeat  what  has  already  been  so 
Squently  referred  to,  that  oxygen  must  be  considered  as  a  nutritive  Vnnc.^^e  ani 
S,onTc  acW  a^^^^^  The  intermediate  processes  belong  to  the  general 

ut  l  of  nutHtion,  with  the  intimate  nature  of  which  we  ^^^^-^^'^^J^ 
have  not  sufficient  evidence  for  supposing  that  this  process  is  identical  with  what 
generally  known  as  combustion. 

27^e  Respiratory  Sense,  or  Want  on  the  part  of  the  System  which  induces  the 
Respiratory  Movements.    {Besoin  de  resiyirer.) 
We  are  all  familiar  with  the  peculiar  and  distressing  sense 
attends  an  interruption  in  the  respiratory  process.    Under  ordinary  conditions,  the  act 
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of  breathing  takes  place  without  our  knowledge;  but  even  when  the  air  is  hut  little 
vitiated,  when  its  entrance  into  the  lungs  is  slightly  interfered  with  or  when  a  consider- 
able portion  of  the  pulmonary  structure  is  involved  in  disease,  we  experience  a  certain 
sense  of  uneasiness  and  become  conscious  of  the  necessity  of  respiratory  efforts.  This 
gradually  merges  into  the  sense  of  suffocation,  and,  if  the  obstruction  bo  sufficient,  is 
foUowed  by  convulsions,  insensibility,  and  finally  by  death. 

Although  we  are  not  sensible  of  any  want  of  air  under  ordinary  conditions,  it  was 
proven  by°the  celebrated  experiment  of  Robert  Hook,  in  1664,  that  there  is  a  want 
always  felt  by  the  system,  and  that,  if  this  want  be  effectually  supplied,  no  respiratory 
movements  will  take  place.  We  have  often  repeated  the  experiment  demonstrating  this 
fact.  If  a  dog  be  brought  completely  under  the  influence  of  ether,  the  chest  and  abdo- 
men opened,  a°nd  artificial  respu-ation  be  carefully  kept  up  by  means  of  a  bellows  fixed 
in  the  trachea,  even  after  the  animal  has  come  from  under  the  influence  of  the  anaesthetic, 
so  as  to  look  around  and  wag  his  tail  when  spoken  to,  he  will  frequently  cease  all 
respiratory  movements  when  the  an-  is  adequately  supplied  to  the  lungs.  This  fact  can  be 
very  satisfactorily  observed,  as  the  diaphragm  and  other  important  respiratory  muscles 
are  denuded  and  exposed  to  view.  If  the  artificial  respiration  be  interrupted  or  im- 
perfectly performed,  the  animal  almost  immediately  feels  the  want  of  air,  and  the  exposed 
respiratory  muscles  are  thrown  into  violent  but  ineffectual  contraction. 

It  is  generally  admitted,  mdeed,  that  there  exists  in  the  system  what  may  appropri- 
ately be  regarded  as  a  respiratory  sense,  or,  as  it  is  called  by  the  French,  lesoin  de  respirer, 
which  is  conveyed  to  the  respiratory  nervous  centre  and  gives  rise  to  the  ordmary  reflex 
and  involuntary  movements  of  respiration,  that  this  sense  is  exaggerated  by  any  thing 
which  interferes  with  respiration,  and  is  then  carried  on  to  the  brain,  where  it  is 
appreciated  as  dyspnoea  and  finally  as  the  overpowering  sense  of  suffocation.  An 
exaggeration  of  the  respiratory  sense  constitutes  an  oppression,  which  is  referred  to  the 
lungs.  It  has  been  demonstrated,  however,  that  the  sensation  of  hunger,  which  is  felt 
in  the  stomach,  and  of  thu-st,  which  is  felt  in  the  throat  and  fauces,  have  their  seat 
really  in  the  general  system,  and  are  instinctively  referred  to  the  parts  mentioned, 
because  they  are  severally  relieved  by  the  introduction  of  food  into  the  stomach  and  the 
passage  of  liquid  along  the  throat  and  oesophagus.  It  cannot,  therefore,  be  assumed, 
from  sensations  only,  that  the  sense  of  want  of  air  is  really  situated  in  the  lungs.  The 
question  of  its  seat  and  its  immediate  cause  is  one  of  the  most  interesting  of  the  physio- 
logical points  connected  with  respiration. 

Many  physiologists  accept  the  view  of  Marshall  Hall,  that  the  respiratory  sense  is 
located  in  the  lungs,  is  carried  to  the  medulla  oblongata  by  the  pulmonary  branches  of 
the  pneumogastric  nerves,  and  is  due  to  the  accumulation  of  carbonic  acid  in  the 
pulmonary  vesicles ;  but  there  are  facts  in  physiology  and  pathology  which  are  incon- 
sistent with  such  an  exclusive  view. 

In  cases  of  disease  of  the  heart,  when  the  system  is  imperfectly  supplied  with 
oxygenated  blood,  the  sense  of  suffocation  is  frequently  most  distressing,  although  the 
lungs  be  unaffected  and  receive  a  sufficient  supply  of  pure  air.  This  and  other  similar 
facts  led  Berard  to  adopt  the  view  that  the  respiratory  sense  has  its  point  of  departure 
in  the  right  cavities  of  the  heart  and  is  due  to  their  distention  as  the  result  of  obstruc- 
tion to  the  passage  of  blood  through  the  lungs.  John  Reid  thought  it  was  due  in  a 
measure  to  the  circulation  of  venous  blood  in  the  medulla  oblongata.  What  has  been 
shown  to  be  the  correct  explanation  was  given  by  Volkmann  in  1841.  He  regarded  the 
sense  of  want  of  air  as  dependent  on  a  deficiency  of  oxygen  in  the  tissues,  producing  an 
impression  which  is  conveyed  to  the  medulla  oblongata  by  the  nerves  of  general 
sensibility.  By  a  series  of  experiments,  this  observer  disproved  the  view  that  this  sense 
resides  in  the  lungs  and  is  transmitted  along  the  pneumogastric  nerves ;  and,  by  exclusion, 
he  located  it  in  the  general  system  and  showed  that  such  a  supposition  is  sufficient  to 
explain  all  the  phenomena  connected  with  the  respiratory  movements.    In  the  hope  of 
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settling  some  of  these  questions,  wliich  might  bo  regarded  as  somewhat  uncertain,  wc 
instituted,  a  few  years  ago,  a  series  of  experiments  upon  the  situation  and  cause  of  the 
respiratory  sense.  In  these  observations,  the  following  facts,  some  of  which  had  been 
previously  noted,  were  demonstrated : 

1.  If  the  chest  be  opened  in  a  living  animal,  and  artificial  respiration  bo  carefully 
performed,  inflating  the  lungs  sufficiently  but  cautiously  and  taking  caro  to  change  the 
air  in  the  bellows  every  few  moments^,  as  long  as  this  is  continued,  the  animal  will  make 
no  respiratory  eflbrt;  showing  that,  for  the  time,  the  respiratory  sense  is  abolished. 

2.  When  the  artificial  respiration  is  interrupted,  the  respiratory  muscles  are  thrown 
into  contraction,  and  the  animal  makes  regular;  and  at  last  violent  efibrts.  If  we  now 
expose  an  artery  and  note  the  color  of  the  blood  as  it  iiows,  it  will  be  observed  that  the 
respiratory  efforts  commence  only  when  the  blood  in  the  vessel  begins  to  be  dark.  When 
artificial  respiration  is  resumed,  the  respiratory  efforts  cease  only  when  the  blood  becomes 
red  in  the  arteries.  The  invariable  result  of  this  experiment  seems  to  show  that  the 
respiratory  sense  is  connected  with  a  supply  of  blood  containing  little  oxygen  and  charged 
with  carbonic  acid  to  the  systemic  capillaries  by  the  arteries,  and  that  it  varies  in  intensity 
with  the  degree  of  change  in  the  blood. 

3.  If,  while  artificial  respiration  is  regularly  performed,  a  largo  artery  bo  opened  and 
the  system  be  thus  drained  of  blood,  when  the  haamorrhage  has  proceeded  to  a  certain 
extent,  the  animal  makes  respiratory  efforts,  which  become  more  and  more  violent,  until 
they  terminate,  just  before  death,  in  general  convulsions."  The  same  result  follows  when 
the  blood  is  prevented  from  getting  to  the  system  by  applying  a  ligature  to  the  aorta. 

These  facts,  which  may  be  successively  observed  in  a  single  experiment,  remain  pre- 
cisely the  same  if  wo  previously  divide  both  pnoumogastric  nerves  in  the  neck ;  showing 
that  these  are  by  no  means  the  only  nerves  which  convey  the  respiratory  sense  to  the 
medulla  oblongata. 

The  conclusions  which  may  legitimately  bo  drawn  from  the  above-mentioned  facts  are 
the  following : 

The  respiratory  sense  has  its  seat  in  the  system  and  is  transmitted  to  the  medulla 
oblongata  by  the  general  sensory  nerves.  It  does  not  origmate  in  the  lungs,  for  it 
operates  when  the  lungs  are  regularly  filled  with  pure  air,  if  the  system  be  dramed  of  the 
oxygen-carrying  fluid. 

The  respiratory  sense  is  due  to  a  want  of  oxygen  on  the  part  of  the  system,  and  not  to 
any  fancied  irritant  properties  of  carbonic  acid;  for,  when  the  lungs  are  filled  with  air, 
and  the  system  is  gradually  drained  of  blood,  although  all  the  blood  which  finds  its  way 
to  the  capiUaries  is  fully  oxygenated,  as  the  quantity  becomes  insufficient  to  supply  the 
required  amount  of  oxygen,  the  sense  of  want  of  air  is  felt,  and  respiratory  efforts  take 
place  The  experimental  results  on  which  these  conclusions  are  based  are  invariable, 
and  we  have  demonstrated  them  repeatedly;  so  that  the  location  of  the  respiratory 
sense  in  the  general  system,  and  the  fact  that  it  is  an  expression  of  a  want  of  oxygen 
seem  as  certain  as  that  oxygen  is  taken  up  by  the  blood  from  the  ungs  and  distributed 
to  the  tissues  by  the  arteries.  With  this  view  wo  can  explain  all  the  reflex  phenomena 
which  are  connected  with  the  respiratory  function.  ,  .  ^,  ... 

The  supposition  of  B6rard  that  the  respiratory  sense  is  due  to  distention  of  the  right 
cavities  of  the  heart  is  disproved  by  the  simple  experiment  of  sudden  excision  of  this 
organ.  In  that  case,  as  the  system  is  drained  of  blood,  efforts  at  respiration  invariably 
take  place,  though  the  supply  of  air  to  the  lungs  be  continued. 

Sense  of  Suffocation.-^^  must  separate,  to  a  certain  extent,  the  respiratory  sense 
from  the  sense  of  distress  from  want  of  air,  and  its  extreme  degree,  the  sense  of  suffoca- 
tion. The  first  is  not  a  sensation,  but  an  impression  conveyed  to  the  medulla  oblongata 
giving  rise  to  involuntary  reflex  movements.  The  necessities  for  oxygen  on  the  part  ot 
the  system  regulate  the  supply  of  air  to  the  lungs.    We  have  already  seen  that,  once  m 
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every  five  to  eight  respirations,  or  when  the  respiratory  movements  are  a  httle  restncted 
ZZ  tl  e  nfluence  of  depressing  emotions,  an  involuntary  deep  or  s.ghmg  msp.rat.on  is 
made  for  the  purpose  of  changing  the  air  in  the  lungs  more  completely.  The  increased 
made,  ^^^fi  ^iren  and  a  certain  amount  of  interference  with  the  mechanical  process 
7:rXZn  S^^^^^^^^  P"*  breath,"  and  for  a  time 

1  r  sS^ory  rv^ements  are  exaggerated.    This  is  perhaps  the  first  physio  og.cal  way 
n  wh  ch  the  ia^t  of  air  is  appreciated  by  the  senses.    A  deficiency  m  h^ematosis  either 
f^om  a  vitiateratmosphere,  mechanical  obstruction  in  the  air-passages,  or  grave  trouble 
n  the  C  al  circulation,  p^  all  grades  of  sensations,  from  the  shght  oppression 

which  felt  in  a  crowded  room,  to  the  intense  distress  of  suflocation.  When  h^matosis 
I  mmX  interfered  with,  only  an  indefinite  sense  of  oppression  is  experienced,  and  the 
res^ra  ory  movements  are  a  little  increased,  the  most  marked  effect  bemg  an  increase  n 
theTmbe'r  and  extent  of  sighing  inspirations.  In  the  experiments  upon  -™alB  to  wh-h 
we  have  referred,  when  artificial  respiration  was  interrupted,  we  first  noticed  regular  and 
Z  ZLl  contr'actions  of  the  respiratory  muscles;  but,  as  the  sense  of  wan  of  air 
came  exa-erated,  every  muscle  which  could  be  used  to  raise  the  chest  was  brought  into 
acUon  In  the  human  subject  in  this  condition,  the  countenance  has  a  pecuhar  expres- 
sion of  anxiei^  and  distress,  and  the  movements  soon  extend  to  the  entire  muscular  sys- 
tem resulting  in  general  convulsions,  and,  finally,  in  insensibihty.  ,  ,  , 

Bearing  fn  mfnd  the  fact  that,  although  these  sensations  are  referred  to  the  lungs, 
indicating  increased  respiratory  effort  as  the  common  means  for  their  rehef,  they  have 
their  reaf  point  of  departure  in  the  general  system,  we  can  understand  the  operation  of 
various  abnormal  conditions  of  the  circulation,  when  the  lungs  are  adequately  supplied 
with  fresh  air.    The  first  subjective  symptom  of  air  in  the  veins  is  a  sense  of  impending 
suffocation.    There  is  no  want  of  air  m  the  lungs,  but  the  circulation  is  instantaneously 
interrupted,  and  oxygenated  blood  is  not  supplied  to  the  tissues.    The  same  effect,  practi- 
cally follows  abstraction  of  the  circulating  fluid  or  the  absorption  of  any  poisonous  agent 
which  destroys  the  function  of  the  corpuscles  as  carriers  of  oxygen;  although,  in  hminor- 
rha-e,  the  effects  are  not  so  marked,  as  generally  the  system  is  gradually  debihtated  by 
the  progressive  loss  of  blood.   It  was  invariably  noticed,  in  the  experiments  above  referred 
to  that,  after  the  division  of  a  large  artery,  although  artificial  respiration  was  carefully 
performed,  respiratory  efforts  took  place  when  the  system  became  nearly  drained  of  blood. 
As  the  hEBmorrhage  continued,  these  efforts  became  more  violent  and  resulted,  just  betore 
death  in  general  convulsions.    A  comparison  of  this  experiment  with  those  m  which 
artificial  respiration  was  simply  interrupted  shows  that,  m  sudden  haamorrhage,  there  can 
be  no  doubt  that  the  system  feels  the  want  of  oxygen ;  and,  when  the  loss  of  blood  is 
very  great  this  is  increased  untU  it  amounts  to  a  sense  of  suffocation.    In  gradual  hssmor- 
rhage,  there  is  a  conservative  provision  of  Nature,  by  which  faintness  and  diminution  m 
thefo'rce  of  the  heart's  action  favor  the  arrest  of  the  flow  of  blood. 

Poisoning  by  carbonic  oxide  is  generally  accompanied  with  convulsions,  wliich  arise 
from  the  sense  of  suffocation  and  are  due  to  a  fixation  of  this  gas  in  the  blood-corpuscles, 
by  which  they  are  rendered  mcapable  of  carrying  oxygen  to  the  system.  Convulsions  also 
attend  poisoning  by  hydrocyanic  acid,  in  cases  in  which  the  system  is  not  overpowered 
immediately  by  a  large  dose  of  this  agent  and  the  muscular  irritability  is  destroyed. 

Experiments  have  failed  to  show  that  the  respiratory  sense,  or  the  sense  of  suffocation, 
is  due  to  kritation  produced  by  carbonic  acid  in  the  non-oxygenated  blood. 

Bespiratory  Eforts  before  Birth. 
It  is  generally  admitted  that  one  of  the  most  important  functions  of  the  placenta,  andi 
the  one  which  is  most  immediately  connected  with  the  life  of  the  foetus,  is  a  respiratory 
interchange  of  gases,  analogous  to  that  which  takes  place  in  the  gills  of  aquatic  animalsv 
The  vascular  prolongations  from  the  fostus  are  continually  bathed  in  the  blood  of  the 
mother,  and  this  is  tlie  only  way  in  which  it  can  receive  oxygen.    Notwithstanding  the 
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statements  of  those  who  have  been  unable  to  note  any  difference  in  color  between  the 
blood  contained  in  the  umbilical  arteries  and  the  vein,  there  are  direct  observations 
showing  that  such  a  difference  does  exist.  Logallois  frequently  observed  a  bright-red 
color  in  the  blood  of  the  umbilical  vein ;  and,  on  alternately  compressing  and  releasing  the 
vessel,  he  saw  the  blood  change  in  color  successively  from  red  to  dark  and  from  dark  to  red. 
As  oxygen  is  thus  adequately  supplied  to  the  system,  the  foetus  is  in  a  condition  similar  to 
that  of  the  animals  in  which  artificial  respiration  was  effectually  performed.  The  want 
of  oxygen  is  fully  met,  and  therefore  no  respiratory  efforts  take  place.  Respiratory 
movements  will  take  place,  however,  even  in  very  young  animals,  when  there  is  a  defi- 
ciency of  oxygen  in  the  system.  It  has  been  observed  that  the  hquor  amnii  occasionally 
finds  its  way  into  the  respiratory  passages  of  the  foetus,  where  it  could  only  enter  during 
efforts  at  respiration.  Winslow,  in  the  latter  part  of  the  last  century,  first  noticed  respir- 
atory efforts  in  the  foetuses  of  cats  and  dogs  in  the  uterus  of  the  mother  during  life ;  and 
many  others  have  observed  that,  when  foetuses  are  removed  from  vascular  connection 
with  the  mother,  they  will  make  vigorous  efforts  at  respiration.  This  fact  we  have  fre- 
quently had  occasion  to  demonstrate  in  making  operations  upon  pregnant  animals.  After 
the  death  of  the  mother,  the  foetus  always  makes  a  certain  number  of  respiratory  efforts, 
which  are  not  uncertain  in  their  character,  but  distinct,  accompanied  by  great  elevation 
of  the  ribs,  opening  of  the  mouth,  and  following  each  other  at  regular  intervals,  inde- 
pendently of  irritation  of  the  general  surface. 

From  what  has  been  experimentally  demonstrated  with  regard  to  the  seat  and  cause 
of  the  respiratory  sense  after  birth,  it  is  evident  that  want  of  oxygen  is  the  cause  of  re- 
spiratory movements  in  the  foetus.  When  the  circulation  in  the  maternal  portion  of  the 
placenta  is  interrupted  from  any  cause,  or  when  the  blood  of  the  foetus  is  obstructed  in 
its  course  to  and  from  the  placenta,  the  impression  due  to  want  of  oxygen  is  conveyed 
to  the  meduUa  oblongata,  and  efforts  at  respiration  are  the  result.  This  cannot  be  due 
to  an  accumulation  of  carbonic  acid  in  the  lungs  and  is  entkely  consistent  with  our 
views,  locating  the  respiratory  sense  in  the  general  system. 

Cutaneous  Respiration. 

This  mode  of  respiration,  although  very  important  in  many  of  the  lower  orders  of  ani- 
mals, is  insignificant  in  the  human  subject  and  is  even  more  slight  in  animals  covered 
with  hair  or  feathers.  Still,  an  appreciable  quantity  of  oxygen  is  absorbed  by  the  skm 
of  the  human  subject,  and  an  amount  of  carbonic  acid,  which  is  proportionately  larger, 
is  exhaled.  Exhalation  of  carbonic  acid,  which  is  connected  rather  with  the  functions 
of  the  skin  as  a  general  eliminating  organ  and  is  by  no  means  an  essential  part  of  the  re- 
spiratory process,  will  be  more  fully  considered  under  the  head  of  excretion.  Carbonic 
acid  is  given  off  with  the  general  emanations  from  the  surface,  being  found  at  the  same 
time  m  solution  in  the  urine  and  in  most  of  the  secretions.  It  is  well  known  that  death 
follows  the  application  of  an  impermeable  coating  to  the  entire  cutaneous  surface ;  but 
this  is  by  no  means  due  to  a  suppression  of  its  respiratory  function  alone.  The  skin  has 
other  ofiices,  particularly  in  connection  with  regulation  of  the  animal  temperature,  which 
are  infinitely  more  important.  . 

An  estimate  of  the  extent  of  the  cutaneous,  as  compared  with  pulmonary  respiration 
has  been  made  by  Scharling,  by  comparing  the  relative  quantities  of  carbomc  acid  exhaled 
in  the  twenty-four  hours.  According  to  this  observer,  the  skin  performs  from  ^  to  ot 
the  respiratory  function.  It  is  exceedingly  difficult  to  collect  all  the  carbonic  acid  given 
off  by  the  skin  under  perfectly  normal  conditions.  In  some  recent  observations  by  Au- 
bert,  the  estimate  is  very  much  lower  than  that  given  by  Scharhng. 

Asphyxia. 

The  effects  of  cutting  off  the  supply  of  oxygen  from  the  lungs  are  mainly  referable  to 
the  circulatory  system  and  have  already  been  considered  under  the  head  of  the  mllu- 
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enoe  of  respiration  upon  tho  circulation.  It  will  be  remembered  that,  in  asphyxia  the 
non-aerated  blood  passes  with  so  much  difficulty  through  the  systemic  capillaries  as 
finally  to  arrest  tho  action  of  the  heart.  It  is  tho  experience  of  those  who  have  experi- 
mented on  this  subject,  that  the  movements  of  the  heart,  once  arrested  in  this  way,  can- 
not be  restored,  but  that  while  the  slightest  regular  movements  continue,  its  functions 
will  gradually  return  if  air  be  readmitted  to  the  lungs. 

A  remarkable  power  of  resisting  asphyxia  exists  in  newly-born  animals  that  have 
never  breathed.  This  was  noticed  by  Haller  and  others  and  has  been  the  subject  of  nu- 
merous experiments,  among  which  we  may  mention  those  of  Buffon,  Legallois,  and  W.  F. 
Edwards.  Legallois  found  that  young  rabbits  would  live  for  fifteen  minutes  deprived  of 
air  by  submersion,  but  that  this  power  of  resistance  diminished  rapidly  with  age.  W. 
F  Edwards  has  shown  that  there  exists  a  great  diflerence  in  this  regard  in  different 
classes  of  animals.  Dogs  and  cats,  which  are  born  with  the  eyes  shut  and  in  which  there 
is  at  first  a  very  slight  development  of  animal  heat,  wiU  show  signs  of  life  after  submer- 
sion for  more  than  half  an  hour ;  while  Guinea-pigs,  which  are  born  with  the  eyes  open, 
are  much  more  active,  and  produce  a  greater  amount  of  heat,  will  not  live  more  than 
seven  minutes.  The  cause  of  this  peculiarity  has  been  attributed  to  the  existence  of 
the  foramen  ovale,  enabling  the  blood  to  get  to  the  system  without  passing  through 
the  lungs,  by  those  who  regard  the  arrest  of  the  circulation  in  asphyxia  as  due  to  ob- 
struction to  the  pulmonary  circulation ;  but  this  explanation  is  not  sufficient,  as  blood 
passes  easily  through  the  lungs  in  asphyxia  and  is  obstructed  only  in  the  systemic  capU- 
laries.  The  true  explanation  seems  to  be  that,  in  most  warm-blooded  animals,  during  the 
very  first  periods  of  extra-uterine  life,  the  demands  on  the  part  of  the  system  for  oxygen 
are  comparatively  slight.  At  this  time,  there  is  very  little  activity  in  the  processes  of 
nutrition,  and  the  actual  consumption  of  oxygen  and  exhalation  of  carbonic  acid  are 
much  below  the  usual  regular  standard  in  animals  of  this  class.  In  fact,  their  condition  is 
somewhat  like  that  of  cold-blooded  animals.  The  actual  difference  in  the  consumption 
of  oxygen  immediately  after  birth  and  at  the  age  of  a  few  days  is  sufficient  to  explain 
the  remarkable  power  of  resisting  asphyxia  just  after  birth. 

One  of  the  most  interesting  questions,  in  a  practical  point  of  view,  connected  with 
the  subject  of  asphyxia,  is  the  effect  on  the  system  of  air  vitiated  from  breathing  in  a 
confined  space.  There  are  here  several  points  which  present  themselves  for  considera- 
tion. The  effect  of  respiration  on  the  air  is  to  take  away  a  certain  proportion  of  oxygen 
and  to  add  certain  principles  which  are  regarded  as  deleterious.  The  emanation  which  is 
generally  regarded  as  having  the  most  decided  influence  upon  the  system  is  carbonic  acid. 
A  careful  review  of  the  most  reliable  observations  on  this  subject  shows  that  the  in- 
fluence of  carbonic  acid  is  generally  very  much  over-estimated.  In  poisoning  by  char- 
coal-fumes, it  is  generally  carbonic  oxide  which  is  the  active  principle.  Eegnault  and 
Reiset  exposed  dogs  and  rabbits  for  many  hours  to  an  atmosphere  containing  twenty- 
three  parts  per  hundred  of  carbonic  acid  artificially  introduced,  and  thirty  to  forty  parts 
of  oxygen,  without  any  ill  effects.  They  took  care,  however,  to  keep  up  a  constant  sup- 
ply of  oxygen.  These  experiments  are  at  variance  with  the  results  obtained  by  others, 
but  Regnault  and  Reiset  explain  this  difference  by  the  supposition  that  the  gases  in  other 
observations  were  probably  impure,  containing  a  little  chlorine  or  carbonic  oxide.  There 
is  no  reason  to  doubt,  from  the  high  reputation  of  these  observers  for  skill  and  accuracy, ' 
that  their  experiments  are  perfectly  reliable  ;  and,  in  that  case,  they  prove  that  carbonic 
acid  does  not  act  upon  the  system  as  a  poison.  This  view  is  sustained  by  the  observa- 
tions of  Bernard  with  carbonic  oxide,  which  is  known  to  bo  excessively  poisonous.  In 
animals  killed  by  this  gas,  the  blood,  both  venous  and  arterial,  is  of  a  bright-red  color, 
which  is  due  to  the  fixation  of  the  gas  by  the  blood-corpuscles.  In  this  way,  the  red 
corpuscles,  which  act  normally  as  respiratory  agents  carrying  oxygen  to  the  tissues,  are 
paralyzed,  and  tlie  animal  dies  from  asphyxia.  "We  have  already  referred  to  this  remark- 
able affinity  of  the  red  corpuscles  for  carbonic  oxide  and  its  action  in  arresting  the  trans- 
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formation  of  oxygen  into  cai'bonio  acid  in  tlie  blood,  in  treating  of  the  different  methods 
of  analysis  of  the  blood  for  gases,  and  have  shown  that  this  gas  is  the  proper  agent  to 
use  in  the  method  of  analysis  by  displacement. 

In  breathing  in  a  confined  space,  the  distress  and  the  fatal  results  are  produced,  in 
all  probability,  more  by  animal  emanations  and  a  deficiency  of  oxygen  than  by  the  pres- 
ence of  carbonic  acid.  When  the  latter  gas  is  removed  a^  fast  as  it  is  produced,  the  cfiects 
of  diminution  in  the  proportion  of  oxygen  are  soon  very  marked,  and  they  progressive- 
ly increase  until  death  occurs.  Bernard  has  shown  that  birds  enclosed  in  a  confined  space, 
from  which  the  carbonic  acid  is  carefully  removed,  will  gradually  consume  oxygen,  un- 
til, when  death  occurs,  the  proportion  is  reduced  to  from  three  to  five  parts  per  hun- 
dred. When  the  carbonic  acid  is  allowed  to  remain,  the  increased  density  of  the  atmos- 
phere interferes  with  the  diifusion  between  the  gases  of  the  blood  and  the  air,  and  death 
supervenes  with  greater  rapidity. 

The  influence  on  animals  of  emanations  from  the  lungs  and  general  surface  is  un- 
doubtedly very  considerable ;  and  this  fact,  which  almost  all  have  experienced  more  or 
less,  has  been  fully  and  painfully  illustrated  in  several  instances  of  large  numbers  of  per- 
sons confined  without  proper  change  of  air.  Overcrowding  is  one  of  the  most  prolific 
sources  of  disease  among  the  poorer  classes  of  society ;  and  there  are  many  forms  of  dis- 
ease prevalent  in  large  cities,  that  are  almost  unknown  in  the  rural  districts  and  that  can 
be  alleviated  only  by  proper  sanitary  regulations,  which,  unfortunately,  are  often  very 
diflicult  to  enforce. 

In  crowded  assemblages,  the  slight  diminution  of  oxygen,  the  elevation  of  temperature, 
increase  in  moisture,  and  particularly  the  presence  of  organic  emanations,  combine  to 
produce  unpleasant  sensations.  The  terrible  eflTects  of  this  carried  to  an  extreme  degree 
were  exemplified  in  the  confinement  of  the  one  hundred  and  forty-six  English  prisoners, 
for  eight  hours  only,  in  the  "  Black  Hole  "  of  Calcutta,  a  chamber  eighteen  feet  square, 
with  only  two  small  windows,  and  those  obstructed  by  a  veranda.  Out  of  this  number, 
ninety-six  died  in  six  hours,  and  one  hundred-and  twenty-three,  at  the  end  of  the  eight 
hours.  Many  of  those  who  immediately  survived  died  afterward  of  putrid  fever.  This 
frightful  tragedy  has  frequently  been  repeated  on  emigrant  and  slave  ships,  by  confining 
great  numbers  in  the  hold  of  the  vessel,  where  they  were  entirely  shut  out  from  the 
fresh  air.  This  subject  possesses  great  pathological  interest ;  the  efl'ects  of  an  insufllcient 
supply  of  air  and  the  accumulation  in  the  atmosphere  of  animal  emanations  being  very 
important  in  connection  with  the  cause  and  prevention  of  many  diseases. 

The  condition  of  the  system  has  a  marked  and  important  influence  on  the  rapidity 
with  which  the  effects  of  vitiated  atmosphere  are  manifested,  as  we  should  anticipate 
from  what  we  know  of  the  variations  in  the  consumption  of  oxygen  under  different  con- 
ditions. As  a  rule,  the  immediate  effects  of  confined  air  are  not  so  rapidly  manifested  m 
weak  and  debilitated  persons  as  in  those  who  are  active  and  powerful.  It  has  sometimes 
been  observed,  in  cases  where  a  male  and  female  have  attempted  suicide  together  by  the 
fumes  of  charcoal,  that  the  female  may  be  restored  some  time  after  life  is  extinct  m  the 
male.  This  is  probably  owing  to  the  greater  demand  for  oxygen  on  the  part  of  the  male 
The  following  interesting  fact  is  reported  by  Bernard,  showing  the  relative  power  of 
resisting  asphyxia  in  health  and  disease :  -  ,    .       i       r,  * 

"  Two  young  persons  were  in  a  chamber  warmed  by  a  stove  fed  with  coke.  One  of 
them  was  seized  with  asphyxia  and  fell  unconscious.  The  other,  at  that  time  suffering 
with  typhoid  fever  and  confined  to  the  bed,  resisted  sufficiently  to  be  able  to  call  for  help. 
We  know  already  that  this  resistance  to  toxic  influences  is  manifested  m  anmials  when 
they  are  made  sick ;  we  here  have  the  proof  of  the  same  phenomenon  m  man  As  for  the 
one  who,  in  good  health,  had  experienced  the  effects  of  the  commencement  of  poisonmg, 
she  had  a  paralysis  of  the  left  arm,  which  was  not  completely  cured  at  the  end  of  six 

"""when  poisoning  by  confined  air  is  gradual,  the  system  becomes  somewhat  accustomed 
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to  the  toxic  influence,  the  temperature  of  the  body  is  lowered,  and  an  animal  will  live  in 
an  atmosphere  which  will  produce  instantaneous  death  in  one  that  is  fresh  and  vigorous. 
Bernard  has  made  a  number  of  curious  and  instructive  experiments  on  this  point.  In 
one  of  them  a  sparrow  was  confined  under  a  bell-glass  for  one  hour  and  a  half,  at  the 
end  of  which  time  another  was  introduced,  the  first  being  still  quite  vigorous.  The  second 
became  instantly  much  distressed  and  died  in  five  minutes;  but,  ten  minutes  after,  the 
snarrow  which  had  been  confined  for  more  than  an  hour  and  a  half  was  released  and  flew 
away  The  points  to  which  we  have  alluded  have  been  confirmed  and  the  observations 
somewhat  extended  by  the  more  recent  researches  of  Bert.  This  is  simply  demonstrating, 
with  experimental  accuracy,  a  fact  of  which  we  are  all  conscious;  for  it  is  well  known 
that  goin'^  from  the  fresh  air  into  a  close  room,  we  experience  a  malaise  which  is  not 
felt  by  those  who  have  been  in  the  room  for  a  length  of  time  and  whose  emanations  have 
vitiated  the  atmosphere. 
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Appetite— Circomstivnces  which  modify  the  appetite— Influence  of  habit— Hunger— Seat  of  the  sense  of  hunger— 
Thirst— Seat  of  the  sense  of  thirst— Duration  of  life  in  inanition— Division  of  alimentary  principles-Nitrogen- 
ized  alimentary  principles— Non-nitrogeuized  alimentary  principles— Inorganic  alimentary  principles— Water— 
Alcohol— Distilled  hquors— Wines,  malt  liquors,  etc.— Coffee— Tea— Chocolate— Condiments  and  flavoring  articles 
— Quantity  and  variety  of  food  necessary  to  nutrition— Necessity  of  a  varied  diet. 

In  the  organism  of  animals,  every  part  is  continually  undergoing  what  may  be  called 
physiological  decay ;  the  organic  nitrogenized  principles  are  being  constantly  transformed 
into  efi'ete  matter;  and,  as  these  constituents  never  exist  without  inorganic  principles,  with 
which  they  are  closely  and  inseparably  united,  it  is  found  that  the  products  of  their  decay 
are  always  discharged  from  the  body  in  combination  with  inorganic  matters.  This  pro- 
cess of  molecular  change  is  a  necessary  and  an  inevitable  condition  of  life.  Its  activity  may 
be  increased  or  retarded  by  various  means,  but  it  cannot  be  arrested.  The  excremen- 
titious  principles  which  are  thus  formed  are  produced  constantly  by  the  tissues  and  must 
be  continually  removed  from  the  organism,  otherwise  they  accumulate  and  induce  serious 
toxic  conditions.  Examples  of  this  are  found  in  those  diseases  of  the  kidneys  which  in- 
terfere with  the  elimination  of  urea,  producing  ursemic  poisoning,  and  in  diseases  of  the 
liver  which  interfere  with  the  elimination  of  cholesterine,  giving  rise  to  cholesterajmia. 

It  is  evident,  from  the  amount  of  matter  that  is  daily  discharged  from  the  body, 
that  the  process  of  disassimilation,  as  it  is  called,  must  be  very  active.  Its  constant 
operation  necessitates  a  constant  appropriation  of  new  matter  by  the  parts,  in  order  that 
they  may  maintain  their  integrity  of  composition  and  be  always  ready  to  perform  their 
functions  in  the  economy.  The  blood  contains  all  the  principles  necessary  for  the  regen- 
eration of  the  organism.  Its  inorganic  constituents  are  generally  found  in  the  form  in 
which  they  exist  in  the  substance  of  the  tissues ;  but  the  organic  principles  of  the  parts 
are  formed  in  the  substance  of  the  tissues  themselves,  by  a  transformation  of  material 
furnished  by  the  blood.  The  physiological  decay  of  the  organism  is,  therefore,  being 
constantly  repaired  by  the  blood ;  but,  in  order  to  keep  the  great  nutritive  fiuid  from 
becoming  impoverished,  the  materials  which  it  is  constantly  losing  must  be  supplied  from 
some  source  out  of  the  body,  and  this  necessitates  the  ingestion  of  matters  which  are 
known  as  food.  Food  is  taken  into  the  body  in  obedience  to  a  want  on  the  part  of  the 
system,  which  is  expressed  by  the  sensation  of  hunger,  when  it  relates  to  solid  or  semi- 
solid matters,  and  thirst,  when  it  relates  to  water.  As  these  sensations  constitute  the 
flrst  cause  of  the  introduction  of  materials  capable  of  regenerating  the  blood,  their 
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consideration  naturally  precedes  the  study  of  digestion,  the  process  by  which  the  articles 
of  food  are  prepared  for  absorption  and  appropriation  by  the  circulating  fluid. 

Hanger  and  Thirst. 

The  term  hunger  may  be  applied  to  all  degrees  of  that  peculiar  want  felt  by  the  sys- 
tem which  induces  the  ingestion  of  nutritive  principles.  Its  first  manifestations  are,  per- 
haps, best  expressed  by  the  term  appetite ;  a  sensation  by  no  means  disagreeable,  and 
one  which  may  be  excited  by  the  sight,  smell,  or  even  the  recollection  of  savory  articles, 
at  times  when  it  does  not  absolutely  depend  on  a  want  in  the  system.  In  the  ordinary 
and  moderate  development  of  the  appetite,  it  is  impossible  to  say  that  the  sensation  is 
referable  to  any  distinct  part  or  organ.  It  is  influenced  in  some  degree  by  habit ;  in 
many  persons,  the  feeling  being  experienced  at  or  near  the  Lours  when  food  is  ordinarily 
taken.  If  not  soon  gratified,  the  appetite  is  rapidly  intensified  until  it  becomes  actual 
hunger.  Except  when  the  quantity  of  food  taken  is  unnecessarily  large,  the  appetite 
simply  disappears  on  the  introduction  of  food  into  the  stomach  and  gives  place  to  the 
sense  of  satisfaction  which  accompanies  the  undisturbed  and  normal  action  of  the  diges- 
tive organs ;  or,  in  those  who  are  in  the  habit  of  engaging  in  absorbing  occupations  at 
that  time,  the  only  change  experienced  is  the  absence  of  desire  for  food.  The  sense  of 
oppression  and  fulness  which  attends  over-distention  of  the  stomach  is  simply  superadded 
to  the  feeling  of  satisfaction  of  the  appetite,  of  which  it  is  not  a  necessary  part. 

In  man,  the  appetite  is  usuaUy  manifested  in  a  marked  degree  at  least  twice,  and 
generally  three  times  in  the  twenty-four  hours.  In  this  country,  food  is  commonly 
taken  three  times  daily.  In  childhood,  when  the  system  demands  material,  not  only  for 
the  repair  of  worn-out  parts  but  for  growth,  food  is  generally  taken  oftener  and  m 
larger  relative  quantity  than  in  the  adult.  The  infant  should  satisfy  the  appetite  at  least 
six  or  seven  times  in  the  twenty-four  hours;  and  nothing  has  a  more  serious  influence 
upon  the  development  of  the  growing  child  than  bad  quality  or  a  restricted  quantity  of 

It  has  been  observed  that  children  and  old  persons  do  not  endure  deprivation  of  food 
so  well  as  adults.  This  fact  was  noted  by  M.  Savigny,  in  the  case  of  the  wreck  of  the 
frigate  Medusa.  After  the  wreck,  one  hundred  and  fifty  persons,  of  all  ages,  were 
exposed  on  a  raft  for  thirteen  days  with  hardly  any  food.  Out  of  this  number  only 
fifteen  survived,  among  them  M.  Savigny;  and  the  children,  young  persons,  and  the  aged, 
were  the  first  to  succumb. 

Important  modifications  in  the  appetite  are  due  to  temperature.    In  cold  chmates 
and  during  the  winter  season  in  all  climates,  the  desire  for  food  is  notably  mcreased,  and 
the  tastes  are  somewhat  modified.    Animal  food,  and  particularly  fats,  are  more  agree- 
able at  that  time,  and  the  quantity  of  nutriment  which  is  demanded  by  the  system  is 
then  considerably  greater.    In  many  persons,  the  difference  in  the  appetite  m  warm  and 

cold  seasons  is  very  marked.  ■■  j  ^  4.1,      •  ^ 

Exercise  and  occupation,  both  mental  and  physical,  when  not  pushed  to  the  point  ot 
exhaustion,  increase  the  desire  for  food  and  undoubtedly  facilitate  digestion  Oertam 
articles,  especially  the  vegetable  bitters,  taken  into  the  stomach  immediately  before  he 
time  when  food  is  habitually  taken,  frequently  have  the  same  effect;  whde  other  articles, 
which  do  not  satisfy  the  requirements  of  the  system,  have  a  tendency  to  diminish  the 
desire  for  food.  Many  articles  of  the  materia  medica,  especially  preparations  of  opium 
have,  in  some  persons,  a  marked  influence  in  diminishing  the  appetite.  Tlie  abuse  ot 
alcoholic  stimulants  will  sometimes  take  away  all  desire  for  food.  When  hunger  is 
pressing,  it  has  been  observed  that  tobacco,  in  those  who  are  accustomed  to  its  use,  win 
frequently  allay  the  sensation  for  a  time.  When  the  system  has  been  badly  nourished 
from  any  cause,  as  after  prolonged  abstinence  or  in  recovery  from  an  exhausting  ais- 
ease,  hunger  is  generally  pressing  and  almost  constant;  and  this  continues  "i^t^'  ^Ue 
organism  has  regained  its  normal  condition.    Under  these  circumstances,  the  ingestion 
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of  food  even  in  nnusuaUy  large  quantity,  has  but  a  momentary  effoc  ,n  appeasing  the 
appetU  showing  that,  although  the  feeling  of  satiety  wluch  follovvs  the  mtroduetion  of  a 
Sden  quantity  of  food  into  the  stomach  is  experienced,  the  system  still  feels  the  want 
of  noSment,  and  this  want  is  expressed  by  an  almost  immediate  recurrence  of  the 

'^'^n'Ld  be  not  taken  in  obedience  to  the  demands  of  the  systena  as  expressed  by  the 
appe  i  e  the  sensation  of  hunger  becomes  most  distressing.  It  is  then  manifested  by  a 
and  indescribable  sensation  in  the  stomach,  which  soon  becomes  de.oloped  into 
Ltua  pain  This  is  generally  accompanied  by  intense  pain  in  the  head  and  a  feehng  of 
ren^ral  Stress,  which  soon  render  the  satisfaction  of  this  imperative  demand  on  the 
part  0  the  system  the  absorbing  idea  of  existence.  Starvation  overcomes,  m  many 
nstances,  every  moral  and  intellectual  feeling  and  gives  full  play  to  the  purely  animal 
n  Lts.  FurLs  delirium  frequently  supervenes  after  a  few  days  of  complete  absti- 
nence ;  and  this  is  generally  the  immediate  precursor  of  death  It  is  unnecessary  to  cite 
any  of  the  numerous  instances  in  which  murder  and  cannibahsm  are  resorted  to  when 
starvation  is  imminent;  suffice  it  to  say,  that  the  extremity  of  hunger  or  of  thiret,  like 
the  sense  of  impending  suifocation,  is  a  demand  on  the  part  of  the  system  so  imperative 
that  it  must  be  satisfied  if  within  the  range  of  possibility.  There  have  been  mstances  of 
sublime  resignation  in  the  face  of  this  terrible  agony,  but  these  are  rare  m  comparison 
with  the  examples  of  frightful  expedients  to  satisfy  the  demands  of  Nature. 

The  question  of  the  seat  of  the  sense  of  hunger  is  one  of  considerable  physiological 
interest    When  we  say  that  it  is  instinctively  referred  to  the  stomach,  it  is  simply 
expressing  the  fact  that  the  sensation  is  of  a  nature  to  demand  the  introduction  of  food 
into  the  aUmentary  canal.    The  sense  of  the  want  of  air  demands  the  introduction  of  fresh 
air  into  the  lungs;  but,  though  air  be  inspired,  if  any  thing  mterfere  with  its  passage  to 
the  system  by  the  blood,  the  demand  for  oxygen  is  unsatisfied.   It  has  been  shown  that  the 
real  seat  of  the  respiratory  sense  is  in  the  general  system,  and  that  this  is  referred  to  the 
lungs  because  it  is  necessarily  by  the  introduction  of  air  into  these  organs  that  the  want 
is  met.    The  same  principle  is  manifested,  in  a  manner  no  less  distinct,  with  regard  to 
the  ingestion  and  assimilation  of  food.    When  the  system  is  suffering  from  defective 
nutrition,  as  after  prolonged  abstinence  or  during  recovery  from  diseases  which  have 
been  accompanied  by  lack  of  assimilation,  the  mere  filling  of  the  stomacli  produces  a 
sensation  of  repletion  of  this  organ,  but  the  sense  of  hunger  is  not  relieved ;  but  if,  on  the 
other  hand,  the  nutrition  be  active  and  sufficient,  the  stomach  is  frequently  entirely 
empty  for  a  considerable  time  without  the  development  of  the  sense  of  hunger.  The 
following  observation  bears  strongly  on  this  point :  In  a  dog  with  a  fistula  into  the  gall- 
bladder, the  bile-duct  having  been  tied  and  partly  exsected,  digestion  was  so  much  inter- 
fered with  that  death  from  inanition  took  place  in  thirty-eight  days  ;  and,  although  the 
animal  took  food  abundantly,  the  appetite  was  voracious  and  never  satisfied.    The  same 
phenomenon  has  sometimes  been  observed  in  cases  of  diabetes  accompanied  with  great 
deficiency  of  assimilation.    The  appetite  is  preserved  and  hunger  is  felt  by  persons  who 
suffer  from  extensive  organic  disease  of  the  stomach,  and  the  sensation  has  been  occa- 
sionally relieved  by  nutritious  enemata  or  by  injections  into  the  veins. 

An  interesting  and  curious  case  has  been  reported  by  Prof.  Busch,  of  Bonn,  which 
points  almost  conclusively  to  a  want  of  assimilation  of  nutritive  matter  by  the  gen- 
eral system  as  the  main  cause  of  the  sensation  of  hunger.  In  this  case,  which  wuU  be 
more  fully  detailed  hereafter,  there  existed  a  fistula  into  what  appeared  to  be  the  upper 
third  of  the  small  intestine.  The  patient  was  a  woman,  thirty-one  years  of  age,  who, 
in  the  sixth  month  of  her  fourth  pregnancy,  received  the  injury  which  resulted  in  the 
fistulous  opening,  by  being  tossed  by  a  bull,  one  of  the  horns  penetrating  the  abdomen. 
She  was  seen  by  Prof.  Busch  six  weeks  after  the  injury,  at  which  time  every  thing  taken 
into  the  stomach  passed  at  tlie  upper  opening  of  the  fistula.  Although  the  patient  took 
food  in  large  quantity,  she  became  extremely  emaciated  and  weak.    "  The  patient  at 
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first  had  a  most  voracious  appetite ;  she  never  felt  satisfied.  She  continued  to  eat,  even 
when  the  first  portions  of  food  which  she  had  taken  were  escaping  through  the  opening. 
She  would  then  say  that  she  felt  better,  but  was  still  hungry.  Prof.  Busch  infers  that 
hunger  is  composed  of  two  separate  sensations — one  general,  the  other  local ;  the  former 
resulting  from  the  want  of  material  to  supply  the  waste  of  tissue."  Such  facts  render 
it  certain  that  the  appetite  and  tho  sense  of  hunger  are  expressions  of  a  general  want  on 
the  part  of  the  system,  referred  by  our  sensations  to  the  stomach,  but  really  located  in 
the  general  system.  This  want  can  only  be  completely  satisfied  by  the  absorption  of 
digested  alimentary  matter  by  the  blood  and  its  assimilation  by  the  tissues. 

The  sense  of  hunger  is  undoubtedly  appreciated  by  tho  cerebrum,  and  it  has  been  a 
question  whether  there  be  any  special  nerves  which  have  the  function  of  conveying  this 
impression  to  the  great  nervous  centre.  The  nerve  which  would  naturally  be  supposed  to 
possess  this  function  is  the  pneumogastric ;  but,  notwithstanding  certain  observations  to 
the  contrary,  it  has  been  proven  that  section  of  both  of  these  nerves  by  no  means  abolishes 
the  desire  for  food.  Longet  has  observed  that  dogs  eat,  apparently  with  satisfaction, 
after  section  of  the  glosso-pharyngeal  and  lingual  nerves.  This  observer  is  of  the  opinion 
that  the  sensation  of  hunger  is  conveyed  to  the  brain  through  the  sympathetic  system. 
Although  there  are  various  considerations  which  render  this  somewhat  probable,  it  is 
not  apparent  how  it  could  be  demonstrated  experimentally.  It  is  undoubtedly  the  sym- 
pathetic system  of  nerves  which  presides  specially  over  nutrition ;  and  hunger,  which 
depends  upon  deficiency  of  nutrition,  is  certainly  not  conveyed  to  the  brain  by  any  of  the 
cerebro-spinal  nerves. 

Thirst  is  the  special  sensation  which  induces  the  ingestion  of  water.  In  its  moderate 
development,  this  is  usually  an  indefinite  feeling,  accompanied  with  more  or  less  sense 
of  dryness  and  heat  of  the  throat  and  fauces,  and  sometimes,  after  the  ingestion  of  a 
quantity  of  very  dry  food,  by  a  peculiar  sensation  referred  to  the  stomach.  When  the 
sensation  of  thirst  has  become  intense,  the  immediate  satisfaction  which  follows  the 
ingestion  of  a  hquid,  particularly  water,  is  very  great.  Thirst  is  very  much  under  the 
influence  of  habit,  some  persons  experiencing  a  desire  to  take  liquids  only  two  or  three 
times  daily,  while  others  do  so  much  more  frequently.  The  sensation  is  also  sensibly 
influenced  'by  the  condition  of  the  atmosphere,  as  regards  moisture,  by  exercise,  and 
by  other  circumstances  which  influence  the  discharge  of  water  from  the  body,  particularly 
by  the  skin.  A  copious  loss  of  blood  is  always  followed  by  great  thirst.  This  we  have 
frequently  noticed  in  the  inferior  animals.  After  an  operation  involving  haamorrhage, 
they  nearly  always  drink  with  avidity  as  soon  as  released.  In  diseases  which  are  charac- 
terized by  increased  discharge  of  liquids,  thirst  is  generally  excessive. 

■  The  demand  on  the  part  of  the  system  for  water  is  much  more  imperative  than  for 
solids;  in  this  respect  being  only  second  to  the  demand  for  oxygen.  Animals  will  live 
much  longer  deprived  of  solid  food  but  allowed  to  drink  freely  than  if  deprived  of  both 
food  and  drink.  A  man,  supplied  with  dry  food  but  deprived  of  water,  will  not  survive 
more  than  a  few  days.  Water  is  necessary  to  the  function  of  nutrition,  and  acts,  more- 
over as  a  solvent  in  removing  from  the  system  the  products  of  disassimilation. 

After  deprivation  of  water  for  a  considerable  time,  the  intense  thirst  becomes  mpst 
agonizing  The  dryness  and  heat  of  the  throat  and  fauces  are  increased  and  accom- 
panied by  a  distressing  sense  of  constriction.  A  general  febrile  condition  supervenes,  the 
blood  is  diminished  in  quantity  and  becomes  thickened,  the  urine  is  scasity  and  scaldmg, 
and  there  seems  to  be  a  condition  of  the  principal  viscera  approaching  mflammation. 
Death  takes  place  in  a  few  days,  generally  preceded  by  dehrium. 

The  sensation  of  thirst  is  instinctively  referred  to  the  mouth,  throat,  and  fauces;  but 
it  is  not  necessarily  appeased  by  the  passage  of  water  over  these  parts,  and  it  may  be 
effectually  relieved  by  the  introduction  of  water  into  the  system  by  other  channels,  as  by 
injecting  it  into  the  veins.  Bernard  has  demonstrated,  by  the  following  experiment,  that 
water  must  be  absorbed  before  the  demands  of  the  system  can  be  satisfied  :  lie  made  an 
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opening  into  the  cesophagus  of  a  horse,  tied  the  lower  portion,  and  ; 
to  drink  after  he  had  been  deprived  of  water  for  a  number  ot  hours. 


and  allowed  the  animal 
The  animal  dranlc 

an  immense  quantitr,"but  the  water  did  not  pass  into  the  stomach,  and  the  thirst  was 
not  relieved  He  modified  this  experiment  by  causing  dogs  to  drmk  with  a  fistulous 
opening  into  the  stomach  by  which  the  water  was  immediately  discharged.  They  con- 
tinued to  drink  without  being  satisfied,  until  the  fistula  was  closed  and  the  water  could 
be  absorbed.  We  have  often  repeated  the  latter  experiment  in  pubUc  demonstrations.  In 
one  of  these  particularly,  the  animal  drank  repeatedly  until  he  had  taken  several  quarts 
of  water,  only  ceasing  from  fatigue  and  soon  recommencing;  but,  so  soon  as  the  fistula 
was  closed,  he  drank  a  moderate  quantity  and  was  satisfied. 

In  a  case  reported  by  Dr.  Gairdner,  of  Edinburgh,  in  the  human  subject,  all  the 
liquids  swallowed  passed  out  at  a  wound  in  the  neck  by  which  the  esophagus  had  been  cut 
across.  The  thirst  in  this  case  was  insatiable,  although  buckets-full  of  water  were  taken  in 
the  day;  but,  on  injecting  water,  mixed  with  a  little  spirit,  into  the  stomach,  the  sen- 
sation was  soon  relieved.  This  observation  was  made  in  1820,  long  before  the  experi- 
ments just  referred  to  upon  the  inferior  animals. 

Although  the  sensation  of  thirst  is  referred  to  special  parts,  it  is  an  expression  of  the 
want  of  fiuids  in  the  system  and  is  to  be  effectually  relieved  only  by  the  absorption  of 
fluids  by  the  blood.  There  are  no  nerves  belonging  to  the  cerebro-spinal  system  which 
have  the  office  of  carrymg  this  sensation  to  the  brain,  division  of  which  will  abolish  the 
desire  for  liquids.  Experiments  show  that  no  eflfectual  relief  of  the  sensation  is  afforded 
by  simply  moistening  the  parts  to  which  the  heat  and  dryness  are  referred.  As  a  demand 
on  the  part  of  the  system,  it  is  entirely  analogous  to  the  sense  of  want  of  air  and  of 
hunger,  differing  only  in  the  way  in  which  it  is  manifested. 

After  a  certain  period  of  inanition,  febrile  movement  and  general  agitation  occur, 
and  there  is  almost  always  disturbance  of  the  mental  faculties,  amounting  sometimes  to 
furious  delirium.  Frequently,  however,  the  delirium  is  of  a  mild  character,  with  hallu- 
cinations. There  are  cases  in  which  there  is  no  marked  mental  disturbance,  but  these 
are  generally  in  persons  who  voluntarily  suffer  starvation. 

The  length  of  time  that  life  continues  after  complete  deprivation  ot  food  and  drink  is 
very  variable.  The  influences  of  age  and  obesity  have  already  been  referred  to.  "With- 
out citing  the  numerous  individual  instances  of  starvation  in  the  human  subject  which 
have  been  reported,  it  may  be  stated,  in  general  terms,  that  death  occurs  after  from  five 
to  eight  days  of  total  deprivation  of  food.  In  1816,  one  hundred  and  fifty  persons, 
wrecked  on  the  frigate  Medusa,  were  exposed  on  a  raft  in  the  open  sea  for  thirteen  days. 
At  the  end  of  this  time  only  fifteen  were  found  alive.  One  of  the  survivors,  M.  Savigny, 
gave,  in  an  inaugural  thesis,  a  very  instructive  and  accurate  account  of  this  occurrence, 
which  has  been  very  generally  quoted  in  works  of  physiology.  Authentic  instances  are 
on  record  in  which  life  has  been  prolonged  much  beyond  the  period  above  mentioned ;  but 
they  generally  occurred  in  persons  who  were  so  situated  as  not  to  suffer  from  cold, 
which  the  system,  under  this  condition,  has  very  little  power  to  resist.  In  these  cases, 
also,  there  was  no  muscular  exertion,  and  water  was  generally  taken  in  abundance.  All 
of  these  circumstances  have  an  important  influence  in  prolonging  life. 

B6rard  quotes  the  example  of  a  convict  who  died  of  starvation  after  sixty-three  days, 
but  in  this  case  water  was  taken.  An  instance  of  eight  miners  who  survived  after  five 
days  and  sixteen  hours  of  almost  complete  deprivation  of  food  is  referred  to  in  works 
upon  physiology.  B6rard  also  quotes  from  various  authorities  instances  of  deprivation 
of  food  for  periods  varying  from  four  months  to  sixteen  years.  All  of  the  subjects  were 
females,  and  the  histories  of  such  cases,  reports  of  which  are  by  no  means  uncommon, 
belong  properly  to  psychology,  as  they  undoubtedly  are  examples  of  that  morbid  desire 
to  excite  sympathy  and  interest,  which  is  sometimes  observed  and  which  leads  to  the 
most  adroit  and  persevering  efforts  at  deception. 

From  thirty  to  thirty-five  days  may  be  taken  as  the  average  duration  of  life  in  dogs 
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deprived  entirely  of  food  and  drink.   This  fact  it  is  important  to  bear  in  mind  in  con- 
nection with  observations  on  the  nutritive  value  of  difierent  articles  of  food. 

Alimentation. 

Under  the  name  of  aliment,  in  its  widest  signification,  it  is  proposed  to  include  all 
articles  composed  of  or  containing  elements  in  a  form  which  enables  them  to  be  used 
for  the  nourishment  of  the  body,  either  by  being  themselves  appropriated  by  the  or- 
ganism, by  influencing  favorably  the  process  of  nutrition,  or  by  retarding  disassimila- 
tion.  Those  principles  which  are  themselves  appropriated  may  be  called  direct  aUments ; 
and  those  which  simply  assist  nutrition  without  contributing  reparative  material, 
together  with  those  which  retard  disassimilation,  may  be  termed  accessory  aliments. 
By  this  definition  of  aliment,  nothing  is  excluded  which  contributes  to  nutrition.  The 
air  must  be  considered  in  this  light,  as  well  as  water  and  all  articles  which  are  com- 
monly called  drinks. 

In  the  various  articles  used  as  food,  nutritious  elements  are  frequently  combined  with 
each  other  and  with  indigestible  and  non-nutritious  matters.  The  elements  of  the 
food  which  are  directly  used  in  nutrition  are  the  true  aUmentary  principles,  embracing, 
thus,  only  those  principles  which  are  capable  of  absorption  and  assimilation.  The 
ordinary  food  of  the  warm-blooded  animals  contains  alimentary  principles  united  with 
innutritions  substances  from  which  they  are  separated  in  digestion.  This  necessitates  a 
complicated  digestive  apparatus.  In  some  of  the  inferior  animals,  the  quantity  of  nu- 
tritious material  forms  so  small  a  part  of  the  food  that  the  digestive  apparatus  is  even 
more  complicated  than  in  the  human  subject.  This  is  especially  marked  in  the  herbivora, 
the  flesh  of  which  forms  an  important  part  of  the  diet  of  man.  In  addition  to  what  are 
distinctly  recognized  as  alimentary  principles,  food  contains  many  substances  havmg  an 
important  influence  on  nutrition,  which  have  never  been  isolated  and  analyzed,  but 
which  render  it  agreeable.  Many  of  these  principles  are  developed  in  the  process  of 
cooking.    They  will  be  considered,  as  far  as  practicable,  in  connection  with  the  diflerent 

articles  of  diet.  , ,        ,     ■    ^  \  ■  a 

The  alimentary  principles  belong  to  the  inorganic,  vegetable,  and  animal  kmgdoms, 
and  are  generally  divided  into  the  following  classes: 

1   Organic  nitrogenized  principles  (albumen,  fibrin,  caseine,  muscuhne,  etc.),  belong- 
ing to  the  animal  kingdom,  and  vegetable  nitrogenized  principles,  such  as  gluten  and 

legumine.  i  j.  ■ 

2.  Organic  non-nitrogenized  principles  (sugars,  fats,  and  starch). 

3.  Inorganic  principles. 

Nitrogenized  AUmentary  Frinci2yles. 
In  the  nutrition  of  certain  classes  of  animals,  these  principles  are  derived  exclusively 
from  the  animal  kingdom,  and  in  others,  exclusively  from  the  vegetable  kingdom ;  but 
™man  wio  is  omniv^orou;,  both  animals  and  vegetables  contribute  frogenized  materia 
In  both  animal  and  vegetable  food,  these  principles  ^^^YZlZLZcraL  ^ 
inorganic  matters  (water,  chloride  of  sodium,  the  phosphates  sulphates,  etc.),  and  fre 
quently  with  non-nitrogenized  principles  (sugar,  starch,  and  tat). 

Musculine.-Of  the  different  nitrogenized  principles  used  as  food,  musculine  albumen 
caseHTand  fibrin  are  the  most  important.    Musculine,  the  -^amc  princip 
the  bulk  of  the  muscular  substance,  is  perhaps  the  most  important  ^"'l J^J'""^^^^^^^  ™ 
of  this  class    This  substance  is  always  united  with  more  or  less  morgan  c  matter  which 

nn        s;parated  without  incineration.    The  flesh  of  different  anima  s  P--ts 
differences  in  general  appearance,  in  nutritive  properties,  and  m  A^/'J^"^^.  ^^^^^ 
more  marked  after  the  formation  of  the  odorous,  empyreumatic  substances  which  are 
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developed  in  cooking;  but  the  organic  principle  of  all  of  them  is  musculine.  Muscular 
tissue  is  rendered  much  more  digestible  by  cooking,  a  process  which  serves  to  disin- 
tegrate to  a  certain  extent,  the  intermuscular  areolar  tissue  and  facilitates  the  action  of 
the  digestive  fluids.  The  savors  developed  in  this  process  have  a  decidedly  favorable 
influence  on  the  secretion  of  the  gastric  juice.  It  is  doubtful  whether  pure  musculine 
would  be  capable  of  supporting  life  for  a  long  period ;  but  the  muscular  tissue  has  been 
shown  by  experiment  to  be  suflicient  for  the  purposes  of  nutrition,  in  the  carnivora,  and 
it  undoubtedly  is  in  man. 

Of  all  kinds  of  muscular  tissue,  beef  possesses  the  greatest  nutritive  power.  Other 
varieties  of  flesh,  even  that  of  birds,  fishes,  and  animals  in  a  wild  state,  do  not  present 
an  appreciable  difl'erence,  as  far  as  can  be  ascertained  by  chemical  analysis ;  but  when 
taken  daily  for  a  long  time,  they  become  distasteful,  the  appetite  fails,  and  the  system 
seems  to  demand  a  change  of  diet.  The  flesh  of  carnivorous  animals  is  rarely  used  as 
food;  and  animals  that  feed  upon  animal  as  well  as  vegetable  food,  such  as  pigs  or 
ducks,  acquire  a  disagreeable  flavor  when  the  diet  is  not  strictly  vegetable. 

Albumen.— This  is  an  alimentary  principle  hardly  second  in  importance  to  musculine. 
As  an  article  of  diet,  it  is  chiefly  found  in  the  white  of  egg,  where  it  exists  in  great 
quantity  and  is  combined  with  a  variety  of  inorganic  substances.  Although  an  important 
alimentary  principle,  it  cannot  meet  all  the  nutritive  requirements  of  the  organism. 
Numerous  observations  on  the  inferior  animals  have  shown  that  pure  albumen  will  not 
sustain  life.  The  egg  of  the  fowl,  however,  containing,  in  addition  to  albumen,  a  large 
quantity  of  inorganic  matter,  the  fatty  matter  of  the  yolk,  and  other  organic  principles, 
is  a  most  nutritious  article  of  food.  The  albuminoid  matters  constitute  the  great 
nutritive  niti'ogenized  principles  of  the  blood  and  are  the  substances  into  which  all  the 
principles  of  this  class  which  exist  in  food  are  converted  before  they  are  applied  to  the 
nutrition  of  the  tissues. 

Gaseine. — At  a  certain  period  of  life,  caseine  constitutes  essentially  the  sole  nitrogenized 
article  of  food.  It  is  found  only  in  milk,  and  it  exists  largely  in  the  great  variety  of 
cheeses,  which  are  manufactured  from  milk.  In  addition  to  caseine,  milk  contains  butter, 
sugar,  and  a  variety  of  inorganic  principles.  Milk  is  capable  of  supplying  material  for 
the  nourishment  of  all  parts  of  the  organism,  caseine  furnishing  the  nitrogenized  prin- 
ciple.   In  the  form  of  cheese,  caseine  constitutes  an  important  article  of  food. 

Fibr  in. — Fibrin  is  by  no  means  so  important  an  article  of  diet  as  those  just  considered, 
and  it  very  seldom  forms  any  considerable  part  of  our  food  The  same  may  be  said  of 
some  other  principles  of  this  class,  such  as  globuline,  which  is  the  organic  principle  of  the 
blood-corpuscles,  vitelline,  a  principle  peculiar  to  the  yolk  of  the  egg,  osteine  and  car- 
tilagine.  The  last  two  substances  are  generally  taken  after  they  have  undergone  pecidiar 
modifications  in  cooking,  when  they  are  known  by  other  names. 

Gelatine  and  Gliondrine,  etc. — After  prolonged  boiling,  the  organic  principles  of  the 
bones,  integuments,  areolar  tissue,  tendons,  and  other  structures  composed  of  the  white 
fibrous  tissue,  are  dissolved  and  transformed  into  a  new  substance  which  is  called  gelatine. 
Cartilage  treated  in  the  same  way  is  in  great  part  converted  into  chondrine.  The  prin- 
ciples thus  formed  are  soluble  in  hot  water,  rendering  it  slightly  viscid,  but  on  cooling  the 
whole  mass  becomes  of  a  more  or  less  gelatinous  consistence,  according  to  the  quantity  of 
gelatine  that  is  present.  A  considerable  quantity  of  inorganic  matter,  particularly  phos- 
phate of  lime,  is  always  present  in  combination  with  gelatine. 

Gelatine  and  chondrine  present  slight  diff"ercnces  as  regards  their  chemical  reactions, 
in  other  respects  being  nearly  identical.  The  sulphate  of  alumina,  alum,  and  the  sulphate 
of  iron,  will  precipitate  chondrine  but  have  no  influence  on  a  solution  of  gelatine.  Tan- 
12 


178 


ALIMENTATION. 


nin,  or  infusion  of  galls,  added  to  a  solution  of  gelatine,  produces  a  brownish  precipitate. 
This  reaction  is  marked  in  a  solution  containing  but  one  part  of  gelatine  to  five  thousand 
parts  of  water.  Both  gelatine  and  chondrine  are  of  indefinite  chemical  composition  and  un- 
cry  stallizable.  liy  the  action  of  sulphuric  acid,  gelatine  is  transformed  into  a  crjstallizable 
substance  called  glycocolle,  which  has  a  sweetish  taste,  is  soluble  in  water,  and  is  insoluble 
in  alcohol  and  ether.  According  to  some,  this  is  capable  of  being  separated  into  alcohol 
and  carbonic  acid  by  fermentation. 

A  great  deal  of  interest  was  at  one  time  attached  to  gelatine  as  an  article  of  food, 
from  the  fact  that  it  is  formed  and  extracted  from  parts,  particularly  the  bones,  which 
were  before  regarded  as  comparatively  useless.    Indeed,  the  experiment  of  diminishing 
the  quantity  of  meat  and  supplying  in  its  place  the  extract  of  bones  was  made  in  several 
hospitals  and  manufacturing  estabhshments  in  France  ;  but  this  change  in  diet  led  so  uni- 
versally to  complaints  of  insufiBoiency  of  food,  that  experiments  were  soon  instituted  with 
a  view  of  determining  whether  gelatine  really  possessed  any  nutritive  power.  Without 
entering  into  a  full  discussion  of  these  experiments,  it  may  be  stated  that  the  introduction 
of  gelatine  as  an  article  of  diet,  to  the  exclusion  of  other  principles  which  were  known  to 
be  nutritive,  was  always  followed  by  loss  of  weight  and  the  indications  of  more  or  less  de- 
fective nutrition.    In  other  words,  the  introduction  of  gelatine  did  not  permit  any  dimmu- 
tion  in  the  quantity  of  ordinary  articles  of  food.    The  whole  question  was  finally  settled 
by  the  researches  of  Magendie,  the  reporter  of  the  French  committee  on  gelatine,  m  1841. 
This  report  embodied  the  results  of  numerous  experiments  on  the  effects  of  various  mtro- 
genized  principles,  but  the  conclusions  with  regard  to  gelatine  were  very  strikmg.  When 
taken  alone,  it  was  distasteful  in  the  highest  degree,  even  to  animals  on  the  verge  ot 
starvation;  even  the  agreeable  jelly  formed  of  different  parts  of  the  pig  and  the  giblets 
of  fowl,  prepared  bv  the  charcutiors  of  Paris,  which  were  at  first  taken  by  the  animals 
with  apparent  satisfaction,  was  refused  after  a  few  days;  and,  when  animals  were  con- 
fined exclusively  to  this  article,  death  took  place  about  the  twentieth  day,  with  all  the 
symptoms  of  inanition.  .    .  , 

The  flavor  of  meat  was  formerly  supposed  to  depend  chiefly  on  a  peculiar  principle 
called,  by  Th^nard,  osmazome."  This  name  is  now  seldom  used,  as  the  substance  which 
v^^s  so  lalled  is  known  to  be  composed  of  various  empyreumatic  -^rogemzed  products 
with  lactic  acid,  the  lactate  of  soda,  the  inosate  of  potash,  creatine,  creatinme,  and 
other  principles  the  nature  of  which  has  not  been  determmed. 

Most  of  the  vegetable  articles  of  food  contain  more  or  less  nitrogenized  matters 
which  resemble  very  closely  their  analogues  in  the  animal  kingdom.  Some  of  a^^^  J^^" 
table  principles  resemble  those  above  considered  so  closely  that  they  have  been  ca  led 
respecGyfvegetable  albumen,  fibrin,  and  caseine.  They  all,  however,  present  certain 
distinguishing  peculiarities. 

Vegetalle  AWuraen.-ln  the  juice  of  most  vegetables  which  are  used  fo°^^^^^^^^^^ 
exists  I  substance,  coagulable  by  heat  and  by  alcohol,  -f^^^^'^^'^^^^'J^^^ 
ordinary  albumen  with  the  exception  of  the  equivalents  of  P^°;i^°^;^,  ^^^^^^^^^^^^ 
This  is  Lund  most  abundantly  in  the  juice  of  turnips,  carrots,  ^^^^/S^' ^^^.^^^^^^^^^^ 
this  class.    In  wheaten  flour,  which  contains  nearly  all  classes  of  alimentary  prmcipies, 

''^lllTt;^:^:^!^^^^^  that,  as  nutritive  principles,  vegetable  and  animal 

alb'm  n  arellrly  identical.  Many  of  the  largest  a.d  f  ingest  animals  are  no^^^^^^^^ 
exclusively  from  the  vegetable  kingdom.  The  human  subject  and  "^f^  f  f  ^^^^^^ 
animals  maybe  nourished  at  will  by  vegetable  or  by  animal  food.  J^^l^l^^^^: 
always  a  physiological  difference  in  the  various  nitrogemzed  prmciples,  which  is  ^ 
preciable  by  chemical  analysis.  The  flesh  of  the  carnivora,  when  -^^^^^^^^^^g^^^^.^"'^,';; 
same  as  the  flesh  of  the  herbivora ;  and  the  quality  of  the  ^'Jf, f  S 
animals  by  changing  them  from  vegetable  to  animal  food.    Although  the  muscular  tiss 
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of  one  animal  may  be  used  for  the  nourishment  of  another,  the  flesh  of  an  animal  thus 
nourished  is  not  an  appropriate  food  for  man.  We  should  live  upon  vegetable  principles ; 
taking  them  in  part  directly,  and  in  part  indirectly,  or  after  they  have  been  prepared  and 
assimilated  by  animals.  As  a  rule,  the  nutritive  principles  in  vegetables  are  relatively 
less  abundant  than  in  animal  food,  and  the  indigestible  residue  is  therefore  greater ;  but 
man,  and  even  the  carnivorous  animals,  may  be  nourished  for  an  indefinite  period  by  ai)- 
propriate  articles  derived  from  the  vegetable  kingdom. 

Vegetable  Fibrin  and  Gaseine.—'Kmj  of  the  vegetable  juices  contain  a  spontaneously- 
coagulable  substance  which  has  been  called  vegetable  fibrin.  This  is  particularly  abun- 
dant in  the  cereals.  What  has  been  said  concerning  fibrin  as  an  alimentary  principle  is 
applicable  to  this  substance.  Its  proportion  in  vegetables  is  small,  unless  we  consider  as 
vegetable  fibrin,  gluten,  one  of  the  most  abundant  and  important  of  the  nutritive  principles 
contained  in  ordinary  flour. 

A  principle  may  be  extracted  from  beans,  peas,  and  other  vegetables  of  this  class, 
which  is  thought  by  many  to  be  identical,  in  all  respects,  with  caseine  and  has  been 
called  vegetable  caseine.  The  article  called  tao-foo,  made  by  the  Chinese  from  peas,  is 
apparently  identical  with  cheese.  The  peas  are  reduced  to  a  pulp  by  boiling  and  the 
vegetable  caseine  is  coagulated  by  rennet,being  afterward  treated  in  the  same  way  as  the 
analogous  substance  manufactured  from  milk.  Vegetable  and  animal  caseine^have,  as  far 
as  we  know,  identical  physiological  relations.  Vegetable  caseine  is  sometimes  called 
leguiiiine.  It  is  sparingly  soluble  in  water,  is  insoluble  in  alcohol,  is  not  coagulated  by 
heat,  and  is  precipitated  by  the  mineral  acids  and  some  of  the  mercurial  and  calcareous 
salts.    It  is  dissolved  by  the  vegetable  acids. 

Another  substance,  supposed  by  some  to  be  identical  with  vegetable  caseine,  is  aman- 
dine. This  is  found  widely  distributed  in  the  vegetable  kingdom,  but  it  hardly  presents 
points  of  distinction  from  legumine,  suflScient  to  mark  it  as  a  distinct  principle. 

Gluten. — In  many  of  the  vegetable  grains  known  as  cereals,  there  exists,  in  variable 
proportions,  a  highly-nutritive  nitrogenized  substance  called  gluten.  This  is  found  in 
great  abundance  (from  ten  to  thirty-five  per  cent.)  in  wheat.  Its  proportion  in  other 
grains  is  insignificant.  It  may  be  easily  extracted  from  ordinary  wheaten  flour,  by  knead- 
ing under  a  stream  of  water,  when  the  starch,  a  little  sugar,  vegetable  albumen,  mucilage, 
and  some  soluble  matters  are  removed,  and  the  gluten  remains  in  the  form  of  an  adhesive, 
elastic,  grayish-white  mass.  Gluten  is  capable  of  acting  as  a  ferment,  transforming  starch 
first  into  dextrine  and  tlien  into  sugar.  It  is  the  substance  which  gives  the  peculiar  con- 
sistence and  porous  character  to  bread. 

The  nutritive  power  of  gluten  is  so  great,  and  it  contains  such  a  variety  of  alimentary 
principles,  that  dogs  are  well  nourished  and  can  live  indefinitely  on  it  when  taken  as  the 
sole  article  of  food.  This  experiment  was  actually  made  by  the  gelatine  committee ;  and 
the  fact  will  be  easily  understood  when  we  consider  that  it  is  a  compound  of  no  less 
than  three  distinct  nitrogenized  principles,  together  with  fatty  and  inorganic  matters. 
In  one  of  the  methods  of  treatment  of  diabetes  mellitus,  in  which  all  saccharine  and 
amylaceous  matters  are  excluded  from  the  food,  it  has  been  found  difficult  to  nourish  the 
body  sufiiciently  and  give  proper  variety  to  the  diet  without  bread ;  and,  under  these 
circumstances,  the  use  of  bread  composed  almost  exclusively  of  gluten  has  been  highly 
successful.  With  proper  care,  a  bread  can  be  made  in  this  way,  which  is  eminently 
nutritive  and  not  unpalatable. 

Gluten  obtained  by  washing  flour  under  a  stream  of  water  contains  vegetable  fibrin, 
vegetable  albumen,  and  a  substance  soluble  in  alcohol,  called  glutine.  This  latter  sub- 
stance is  found  in  quantity  only  in  wheaten  flour. 

In  the  difi'erent  articles  of  food  belonging  to  the  vegetable  kingdom,  there  are  un- 
doubtedly many  nitrogenized  matters  with  the  distinguishing  properties  of  which  we 
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are  not  yet  familiar.  In  their  relations  to  the  body  as  alimentary  principles,  these  would 
not  possess  much  practical  interest,  even  if  they  had  all  been  isolated  and  studied;  for  aU 
articles  of  this  class  are  apparently  trauslbrmed  into  the  same  nutritive  principles, 
namely,  the  albuminoid  constituents  of  the  blood. 

JSTon-Nitrogenized  Alimentary  Principles. 
The  important  principles  belonging  to  the  class  of  non-nitrogenized  matters  are  the 
sugars  starch,  and  fat.  From  the  fact  that  these  are  supposed  by  some  to  be  exclusively 
concerned  in  keeping  up  the  animal  temperature  by  tlie  oxidation  of  carbon,  they  are 
frequently  spoken  of  as  the  carbonaceous  or  calorific  elements  of  food.  They  are  some- 
times called  hydro-carbons.' 

In  many  respects  there  are  marked  and  important  differences  between  the  nitro- 
genized  and  non-nitrogenized  articles  of  food ;  and  whether  or  not  these  differences  relate 
to  the  nutrition  of  the  organism  is  a  question  which  will  be  considered  in  its  appropriate 
place    The  production  of  animal  heat,  which  is  supposed  by  some  to  be  due  entirely  to 
the  action  of  non-nitrogenized  substances,  is  closely  connected  with  the  function  of  nutri- 
tion and  all  that  is  at  present  known  of  this  general  process  must  be  taken  into  con- 
sideration in  connection  with  calorification.    It  is  certain,  however,  that  aU  alimentary 
and  proximate  principles  which  contain  nitrogen,  excluding  the  inorganic  and  some 
crystaUizable  organic  substances,  have  very  different  properties  from  those  which  contain 
no  nitrogen.  While  the  nitrogenized  principles  are  in  a  state  of  continual  change,  so  that 
it  is  impossible  to  fix  upon  any  formula  as  representing  their  exact  ultimate  composition, 
the  non-nitrogenized  principles  are  not  changed,  unless  by  the  influence  of  some  other  sub- 
stance known  as  a  ferment,  and  have  a  distinct  and  definite  chemical  composition.  The 
latter  not  only  differ  greatly  from  the  nitrogenized  principles,  but  most  of  the  individual 
articles  of  this  class  present  distinctive  peculiarities  in  their  general  properties,  reactions, 
and  ultimate  composition.   Treating  of  them  as  alimentary  principles,  we  have  now  only 
to  do  with  their  general  properties  and  the  changes  which  they  may  be  made  to  under- 
go  out  of  the  body. 

Sugar.-K  great  many  varieties  of  sugar  occur  in  food,  and  this  principle  may  be 
derived  from  both  the  animal  and  the  vegetable  kingdom.  The  most  common  varieties 
derived  from  animals  are  sugar  of  milk,  and  honey  beside  a  -^^^r-J;;^!,"^  X 
which  is  taken  whenever  the  liver  is  used  for  food.  The  sugars  <ienved  om  the  vege- 
table kingdom  are  cane-sugar,  under  which  head  rnay  be  classed  f-^^^^l^l  ^f  ^ 
except  that  obtained  from  fruits,  a,nd  grape-sugar,  wluch  ««°\P"^^^,f  .^^^^^^^  ^'f  ^'^i;* 
ing  fn  fruits.  In  addition,  an  impure,  uncrystallizable  residue,  obtamed  m  inanu- 
faLre  of  the  different  va^-ieties  of  cane-sugar,  called  molasses,  is  a  common  art  c  e  of 
food     The  following  are  the  formula  for  the  different  varieties  of  sugar  an  a  crystalline 

Cane-Sugar^  On  Hn  On 

Ililh-Sugar,  0,5  Hu  Oi, 

Ch-ape-Sugar  {Glucose),  da  Hi4  On 

All  varieties  of  sugar  have  a  peculiar  sweet  taste;  they  are  soluble  in  water  and  in 
alcohol -Tey  are  inflammable,  leaving  an  abundant  carbonaceous  residue  and  giving  off 
'   a  pec  liar  o^^^^^  of  caramel;  they  are  capable  of  being  converted,  -  -n^act  witl  er- 
mlnts  or  with  nitrogenized  principles,  into  ac  ds 

acid-  they  ire  also  capable  of  other  modifications  when  treated  with  the  n  meral  acios 
Tr  wM  allies  :vlS  are  interesting  more  in  a  chemical  than  a  P^^^^^^^-^^ 

Of  all  tlie  varieties  of  sugar,  that  made  from  the  sugar-cane  is  the  most  soluble. 


view 


.  The  .an,e  hydro-earbon  is  stnctly  nppUcablo  only  to  the  sugars  and 
carboD,  containing  as  they  do,  carbon,  with  hydrogen  and  oxygen  m  the  proportions  to  form  ,,ator. 
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the  sweetest,  and  the  most  agreeable.  Beet-root  sugar,  so  extensively  used  in  France,  is 
perhaps  as  agreeable,  but  is  not  so  sweet. 

Much  of  the  sugar  used  in  the  nutrition  of  the  organism  is  formed  in  the  body  from 
the  digestion  of  stanch.  This  transformation  of  starch  may  be  effected  artificially.  The 
suo-ar  "thus  formed  is  called  glucose  and  is  identical  in  composition  with  grape-sugar. 
Ex'cept  in  the  milk  during  lactation,  this  is  the  only  form  in  which  sugar  exists  in  the 
organism,  all  the  sugar  of  the  food  being  converted  into  glucose  before  it  is  taken  into 
the  blood. 

Starch.— iV  non-nitrogenized  principle,  closely  resembling  sugar  in  its  ultimate  com- 
position (Ci.  Hio'  Oio),  is  contained  in  abundance  in  a  great  number  of  vegetables.  It  is 
found  particularly  in  the  cereals  (wheat,  rye,  corn,  barley,  rice,  and  oats),  in  the  potato, 
chestnuts,  and  in  the  grains  of  leguminous  plants  (beans,  peas,  lentils,  and  kidney-beans),  in 
the  tuberous  roots  of  the  yam,  tapioca,  and  sweet-potato,  in  the  roots  of  the  Maranta 
arundinacea,'  in  the  sago-plant,  and  in  the  bulbs  of  orchis.  In  the  cereals,  after  desicca- 
tion, the  proportion  of  starch  is,  in  general  terms,  between  sixty  and  seventy  parts  per 
hundred.  It  is  most  abundant  in  rice,  which  contains,  after  desiccation,  88-65  parts  per 
100. 

Starch  may  be  separated  from  many  plants  by  simple  washing,  but  in  others,  in  which 
it  exists  in  connection  with  a  considerable  proportion  of  gluten,  a  more  elaborate  process 
is  employed  in  commerce.  The  different  varieties  of  manufactured  starch,  such  as  corn- 
starch, potato-starch,  arrow-root,  tapioca,  and  sago,  differ  only  in  the  presence  of  a 
minute  quantity  of  odorous  and  flavoring  principles. 

When  extracted  in  a  pure  state,  starch  is  in  the  form  of  granules,  varying  in  size  from 
to  jfif  of  an  inch,  and  presenting,  in  most  varieties,  certain  peculiarities  of  form. 
The  granule  is  frequently  marked  by  a 
little  conical  excavation  called  the  hilum, 
and  the  starch-substance  is  arranged  in  the 
form  of  concentric  lamiufe,  the  outlines 
of  which  are  frequently  quite  distinct. 
When  starch  is  rubbed  between  the  fingers, 
these  little  hard  bodies  give  it  rather  a 
gritty  feel  and  produce  a  crackling  sound. 
The  different  varieties  of  starch  may  be 
recognized  microscopically  by  the  peculiar 
appearance  of  the  granules. 

The  presence  of  even  a  minute  quan- 
tity of  starch  in  any  mixture  which  is  not 
alkaline  ma,y  be  readily  determined  hj 
the  addition  of  iodine,  which  unites  with 
the  starch,  producing  an  intense-blue  color. 
The  color  may  be  destroyed  by  tlie  addi- 
tion of  an  alkali  or  by  the  application  of  Fig,  U.—Arrmo-root  utareh-oramUes ;  maffnified  870 
T,„„j.      Ti.  ™„„  v«  ,.„.,(.„«„,i  1  „       diameters.    (From  .a  photoerapli  taken  at  the  United 

heat.     It  may  be  restored,  however,  by       states  Army  Medical  Museum.) 

the  addition  of  an  acid  or,  in  the  latter 

instance,  it  returns  when  the  mixture  is  allowed  to  cool,  if  the  temperature  have  not 
been  carried  to  212°  Fahr. 

Starch  is  insoluble  in  water,  but,  when  boiled  with  several  times  its  volume  of  water, 
the  granules  swell  up,  become  transparent,  and  finally  fuse  together,  mingling  with  the 
water  and  giving  it  a  mucilaginous  consistence.  The  mixture  on  cooling  forms  a  jelly- 
like  mass  of  greater  or  less  consistence.  This  change  in  starch  is  called  hydration  and 
is  interesting  as  one  of  the  transformations  which  takes  place  in  the  process  of  digestion, 

'  Tlio  creeping  roots  from  wliicli  tlio  substance  known  as  arrow-root  is  manufactured. 
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when  starch  is  taken  uncooked.    This  change  is  generally  effected,  however,  in  the  pro- 
cess of  cooking.  r  g  ^ 
The  most  interesting  properties  ot  starch  are  connected  with  its  translormation,  first 
into  dextrine  aud  finally  into  glucose.    This  always  takes  place  in  digestion,  before  starch 
can  be  absorbed.    In  the  digestive  apparatus,  the  change  into  sugar  is  almost  instan- 
taneous, and  the  intermediate  substance,  dextrine,  is  not  recogmzed.    By  boiling  starch 
for  a  number  of  hours  with  dilute  sulphuric  acid,  it  gradually  loses  its  property  of  striking 
a  blue  color  with  iodine,  and  is  transformed,  without  any  change  in  chemical  composition, 
into  the  soluble  substance  called  dextrine.  If  the  action  be  continued,  it  assumes  four  atoms 
of  water  and  is  converted  into  glucose.    If  dextrine  be  perfectly  pure,  no  coloration  is 
nroduced  by  the  addition  of  iodine,  but  it  ordinarily  contains  starch  imperfectly  trans- 
formed and  iodine  produces  a  reddish  color.    The  change  of  starch  into  dextrine  may  be 
eflected  by  a  dry  heat  of  about  400°  Fahr.,  a  process  which  is  commonly  employed  in 
commerce    The  most  effectual  method  of  producing  this  transformation  of  starch,  aside 
rom  the  process  of  digestion,  is  by  the  action  of  a  peculiar  vegetable  -hstance  ca  led 
iastase    This  substance  is  produced  in  the  process  of  germination  of  many  of  the  vege- 
I  es  c;ntaining  starch.^    One  part  of  diastase  will  effect  the  transformation  ot  one  hun- 
died  pairof  sLch,  which  would  require  thirty  times  the  quantity  of  sulphuric  acid. 
Wh  tCbeen  said' regarding  sugar  as  an  alhnentary  principle  -^^^^J^  l^^^^^^^^^ 
Although  an  abundant  and  important  article  of  diet,  it  is  insufiicient  ot  itself  for  the  pur- 

PW-^i'^-  resemUing  StarcK-ln  certain  vegetables,  substances  isomeric 
S  Ldme    LichLme  i.  to„»d  in         kind,  of  edible  n,o»es  and  l,ci.enB.    It  d.lfers 

mentary  principle.  oplMose  in  unripe  fruits,  carrots, 

Pectose  is-  a  principle  ^^^^  ^^^^^^^^^^^  has' not  he;n  detei- 

turnips,  and  some  other  vegetables  of  this  class,    its  o     i  ^^^^ 

mined.  ^^^'^^^^^ -^''^  ^^^^^^  Pectine 
This  transformation  may  be  effected  aitihciauy  oy  ino  of  fruits. 

.ay  be  precipitated  in  a  f^^^^^,  T^lr^^^Z::'^^,.  onions,  and 
Mannite  is  a  sweetish  principle  ^""f  .j^^'^i  l^  in  nearly  a  pure  state.    It  is 

asparagus.  Manna  in  tears  is  '^r^Ttirburi^Ts  not  eapahle  of  fermentation  and 
perhaps  more  analogous  to  sugar  than  to  staich,  but  it  is  not  cai 

has  no  influence  on  polarized  light.  _  composition  of  food,  but 

Gums  and  mucilages  may  enter  to  a  certain  ^^t^^/^^^'"  ^^/^^^^f^^^a  exuding  from 
they  can  hardly  be  considered  as  ahmentary  pnnc  Js  Gum^J^^^J^^ 

certain  trees,  first  in  a  fluid  state,  but  ^''^^^^^^^^''''ll'^^^^  quince-seeds, 

stringy  mucilage  isfoiindsurroun^^^^^^^ 

and  exists  in  various  kinds  of  roots  ana  iea\  ls.    xj  ^ 

from  barley,  oats,  grain,  antl  potatoes,  in  process  of  germmauon. 
to  161°  Fahr, 
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with  water,  giving  it  a  consistence  caUed  mucilaginous.  They  have  the  same  composition 

Experiments  have  shown  that  gum  passes  through  the  alimentary  canal  unchanged 
and  has  no  nutritive  power.  It  is  said  that  gummy  exudations  from  trees  form  an  im- 
portant part  of  the  food  of  certain  savage  African  tribes;  but  it  must  be  remembered 
that  in  this  condition  the  exudation  is  impure  and  contains  many  other  substances.  Gum 
is  mentioned  in  this  connection  from  the  fact  that  it  is  frequently  used  m  the  treatment 
of  disease  and  is  thought  by  many  to  possess  nutritive  properties. 

Fats  and  Oils  —Fatty  or  oily  matters,  derived  from  both  the  animal  and  the  vegetable 
Mn-dom  constitute  an  important  division  of  the  articles  of  food.  As  a  proximate  prm- 
ciple  fat  is  found  in  aU  parts  of  the  body,  with  the  exception  of  the  bones,  teeth,  and 
fibrous  tissues.  It  necessarily  constitutes  an  important  part  of  all  animal  food  and  is 
taken  in  the  form  of  adipose  tissue,  infiltrated  in  the  various  tissues  in  the  form  of  globules 
and  granules  of  oil,  and  in  suspension  in  the  caseine  and  water  in  milk.  Ammal  fat  is  a 
mixture  of  oleine,  margarine,  and  stearine,  in  varied  proportions,  and  possesses  a  con- 
sistence which  depends  upon  the  relative  quantities  of  these  principles.  More  or  less  fat 
always  enters  into  the  composition  of  food,  but,  as  a  rule,  it  is  more  abundantly  taken  m 
cold  than  in  warm  climates.  The  ordinary  diet  of  the  Greenlander  contains  what  would 
be  considered  in  temperate  climates  as  an  enormous  quantity  of  fat  and  oil,  frequently  m 
a  disgusting  form,  and  often  taken  unmixed  with  other  articles. 

The  different  varieties  of  animal  fats  do  not  demand  special  consideration  as  articles 
of  diet.  Butter,  an  important  article  of  food,  is  somewhat  different  from  the  fat  extracted 
from  adipose  tissue,  but  most  varieties  of  fat  lose  their  individual  peculiarities  in  the  pro- 
cess of  digestion  and  are  apparently  identical  when  they  find  their  way  into  the  lacteal 
vessels. 


Fig  i5.— Crystals  of  margarine  am,d  mar- 
yaricaaid.  (FoDke.)  a,  a,  a,  margarine ; 
&,  margaric  acid. 


Fia.  m.— Crystals  of  stearine  and  atearia 
acid.  (Fimke.)  a,  a,  a,  stearine  ;  b, 
stearic  acid. 


In  the  vegetable  kingdom,  fat  is  particularly  abundant  in  seeds  and  grams,  but  it 
exists  in  quantity  in  some  fruits,  as  the  olive.  Here  it  is  generally  called  oil.  Its  pro- 
portion in  linseed  is  20  per  cent. ;  in  rape-seed,  35  to  40  per  cent. ;  in  hemp-seed,  25  per 
cent. ;  and  in  poppy-seed,  47  to  50  per  cent.  It  exists  in  considerable  proportion  in  nuts 
and  in  certain  quantity  in  the  cereals,  particularly  Indian  corn.  Its  proportion  in  the 
different  varieties  of  wheat  is  from  1-87  to  2-61  per  cent. ;  in  rye,  2'25  per  cent. ;  in 
barley,  2-76  per  cent. ;  in  oats,  B-5  per  cent. ;  in  Indian  corn,  8-8  per  cent. ;  and  in  rice, 
0-8  per  cent.    The  above  is  the  proportion  in  the  grains  after  desiccation. 

Fat,  both  animal  and  vegetable,  may  be  either  liquid  or  solid.    It  has  a  peculiar  oily 
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feel,  a  neuti-al  reaction,  and  is  insoluble  in  water  and  soluble  in  alcoliol  (particularly  bot 
alcohol),  cbloroform,  etber,  benzine,  and  solutions  of  soaps.  The  solid  varieticfcyire  exceed- 
ingly soluble  in  the  oils.  Treated  with  alkalies,  at  a  high  temperature  and  in  the  presence 
of  water,  the  fats  are  decomposed  into  fatty  acids  and  glycerine,  the  acid  uniting  with  the 
base  to  form  a  soap.  Alkaline,  mucilaginous,  and  some  animal  fluids  (particularly  the 
pancreatic  juice)  are  capable  of  holding  fat  in  a  state  of  minute  and  permanent  subdivision 
and  suspension,  forming  what  are  known  as  emulsions. 

The  composition  of  many  of  the  fats  and  ods  has  never  been  definitely  ascertained,  on 
account  of  the  difficulty  in  obtaining  them  in  a  state  of  absolute  purity.  They  contain 
carbon,  hydrogen,  and  oxygen,  but  the  latter  elements  do  not  exist  in  the  proportions  to 
form  water. 

As  alimentary  principles,  fats  and  oils  are  undoubtedly  of  great  importance.  They 
are  supposed  by  many  to  be  particularly  concerned  in  the  function  of  calorification.  It 
has  been  proven  by  repeated  experiments  that  fat,  as  a  single  article  of  diet,  is  insufficient 
for  the  purposes  of  nutrition. 

Inorganic  Alimentary  Principles, 

Physiological  chemistry  has  shown  that  all  the  organs,  tissues,  and  fluids  of  the 
body  contain  inorganic  matter  in  greater  or  less  abundance.  The  same  is  true  of  vege- 
table products.  All  the  organic  nitrogenized  principles  contain  mineral  substances  which 
cannot  be  removed  without  incineration  and  which  must  be  considered  as  actually  part 
of  their  substance.  When  new  organic  matter  is  appropriated  by  the  tissues  to  supply 
the  place  of  that  which  has  become  eflete,  the  mineral  substances  are  deposited  with 
them ;  and  the  organic  principles,  as  they  become  effete  or  are  transformed  into  excre- 
mentitious  substances  and  discharged  from  the  body,  are  always  thrown  off  in  connection 
with  the  mineral  substances  which  enter  into  their  composition.  This  constant  dis- 
charge of  inorganic  principles,  forming,  as  they  do,  an  essential  part  of  the  organism, 
necessitates  their  introduction  with  the  food,  in  order  to  maintam  the  normal  constitu- 
tion of  the  parts.  As  these  principles  are  as  necessary  to  the  proper  constitution  of  the 
body  as  any  other,  they  must  be  considered  as  belonging  to  the  class  of  alimentary  sub- 
stances. 

Water.— This  is  one  of  the  most  important  of  the  proximate  principles  of  the  organ- 
ism, is  fotind  in  every  tissue  and  part  without  exception,  is  introduced  with  all  kinds 
of  food,  and  is  the  basis  of  all  drinks.  As  a  rule,  it  is  taken  in  greater  or  less  quantity 
in  a  nearly  pure  state.  Although,  as  a  drink,  water  should  he  colorless,  odorless,  and 
nearly  tasteless,  it  always  contams  more  or  less  sahne  and  other  mattei-s  in  solution, 
with  a  certain  quantity  of  air.  The  air  and  gases  may  be  evolved  by  boiling  or  removmg 
the  atmospheric  pressure.  Pure  water  does  not  exist  in  Nature.  Even  ram-water  always 
contains  salts  and  frequently  a  little  ammonia  and  organic  matter.  The  waters  of  the 
mineral  springs,  which  are  so  abundant  in  parts  of  this  country,  are  very  nch  m  sahne 
constituents  and  generally  contain  a  notable  quantity  of  carbonic  acid ;  hut  the  consid- 
eration of  their  properties  does  not  belong  to  physiology.  The  demand  on  the  part  of 
the  system  for  water  is  regulated,  to  a  certain  extent,  by  the  quantity  discharged  from 
the  organism,  and  this  is  subject  to  great  variations.  The  quantity  taken  as  drmk  also 
depends  very  much  on  the  constitution  of  the  food  as  regards  the  water  which  enters  mto 
its  composition. 

Chloride  of  Sodium.— Oi  all  sahne  substances,  chloride  of  sodium  is  the  one  most 
widely  distributed  in  the  animal  and  the  vegetable  kingdom.  It  exists  in  all  varieties  of 
food;  but  the  quantity  which  is  taken  in  combination  with  other  pnnciples  is  usually 
insufficient  for  the  purposes  of  the  economy,  and  common  salt  is  generally  added  to  cer- 
tain articles  of  food  as  a  condiment,  when  it  improves  their  flavor,  promotes  the  secre- 
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tion  of  certain  of  the  digestive  fluids,  and  meets  a  positive  nutritive  demand  on  the  part 
of  the  system.  Numerous  experiments  and  observations  have  shown  that  a  deficiency 
of  chloride  of'  sodium  in  the  food  has  an  unfavorable  influence  on  nutrition. 

Phosphate  of  Xme.— This  is  almost  as  common  a  constituent  of  vegetable  and  animal 
food  as  chloride  of  sodium.  It  is  seldom  taken  except  in  combination,  particularly  with 
the  nitrogenized  alimentary  principles.  Its  importance  as  an  alimentary  principle  has 
been  experimentally  demonstrated,  it  having  been  shown  that,  in  animals  deprived  as 
completely  as  possible  of  this  substance,  the  nutrition  of  the  body,  particularly  in  parts 
which  contain  it  in  considerable  quantity,  as  the  bones,  is  seriously  affected.  • 

/ro«.— HEemaglobine,  the  coloring  matter  of  the  blood,  contains,  intimately  united 
with  organic  matter,  a  considerable  proportion  of  iron.  Examples  of  anaamia,  which 
are  daily  met  with  in  practice  and  are  almost  always  relieved  in  a  short  time  by  the  ad- 
ministration of  iron,  are  proof  of  the  importance  of  this  substance  as  an  alimentary 
principle.  The  quantity  of  iron  which  is  discharged  from  the  body  is  very  slight,  a 
trace  only  being  discoverable  in  the  urine.  A  smaU  quantity  of  iron  is  frequently  intro- 
duced in  solution  in  the  water  taken  as  drink,  and  it  is  a  constant  constituent  of  milk 
and  eggs.  When  its  supply  in  the  food  is  insufficient,  it  is  necessary,  in  order  to  restore 
the  processes  of  nutrition  to  their  normal  condition,  to  administer  it  in  some  form,  until 
its  proportion  in  the  organism  reaches  the  proper  standard. 

It  is  hardly  necessary  even  to  enumerate  the  other  inorganic  alimentary  principles,  as 
nearly  all  are  in  a  state  of  such  intimate  combination  with  nitrogenized  principles  that 
they  may  be  regarded  as  part  of  their  substance.  Suffice  it  to  say,  that  all  the  inorganic 
matters  which  exist  in  the  organism  as  proximate  principles  are  found  in  the  food.  That 
these  are  essential  to  nutrition,  cannot  be  doubted ;  but  it  is  evident  that,  by  themselves, 
they  are  incapable  of  supporting  life,  as  they  cannot  be  converted  into  either  nitrogen- 
ized or  non-nitrogenized  organic  principles. 


Alcohol. 

All  distilled  and  fermented  liquors  and  wines  contain  a  greater  or  less  proportion  of 
alcohol.  As  these  are  so  generally  used  as  beverages,  and  as  the  effects  of  their  exces- 
sive nse  are  so  serious,  the  influence  of  alcohol  upon  the  organism  has  become  one  of  the 
most  important  questions  connected  with  alimentation.  In  the  discussion  of  this  subject, 
it  is  not  proposed  to  enter  into  the  great  moral  questions  involved,  but  to  consider,  from 
a  purely  physiological  point  of  view,  the  immediate  and  remote  influences  of  the  various 
alcoholic  beverages  upon  nutrition  and  the  animal  functions.  Some  alcoholic  beverages 
influence  the  functions  solely  through  the  alcohol  which  they  contain  ;  while  others,  as 
beer  and  porter,  with  a  comparatively  small  proportion  of  alcohol,  contain  a  consider- 
able quantity  of  solid  matters  which  may  act  as  alimentary  principles. 

Alcohol  (C4H0O2),  from  its  composition,  is  to  be  classed  with  the  non-nitrogenized 
principles,  more  especially  the  fats,  in  which  the  hydrogen  and  oxygen  do  not  exist  in 
the  proportion  to  form  water.  We  have  seen  that  sug'ar  and  fat  are  essential  to  proper 
nutrition  and  that  they  undergo  important  changes  in  the  organism.  Alcohol  is  capable 
of  being  absorbed  and  taken  into  the  blood ;  and  it  becomes  a  question  of  great  interest 
to  determine  whether  it  be  consumed  in  the  economy  or  whether  it  be  discharged  un- 
changed by  the  various  eniunctories. 

Alcohol  has  long  since  been  recognized  in  the  expired  air  after  it  has  been  taken  into 
the  stomach  ;  and  late  researches  have  confirmed  the  earlier  observations  with  regard  to 
its  elimination  in  its  original  form  and  have  shown  that,  after  it  has  been  taiken  in  quan- 
tity, it  exists  in  the  blood  and  all  the  tissues  and  organs,  particularly  the  liver  and  n«r- 
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vous  system.'  Lallemand,  Perrin,  and  Duroy  have  stated,  also,  that  there  is  a  consider- 
able elimination  of  alcohol  by  the  lungs,  skin,  and  kidneys ;  but  the  accuracy  of  the  ex- 
periments by  which  these  results  were  arrived  at  has  lately  been  questioned.  The  re- 
cent observations  of  Drs.  Anstie  and  Dupr6  have,  indeed,  thrown  great  doubt  upon  the 
chromic-acid  test  for  alcohol,  which  was  employed  by  the  French  observers  above  men- 
tioned. Anstie  and  Dupr6  have  clearly  shown  that  the  color-test  applied  to  the  urine  of 
persons  who  do  not  drink  alcohol  at  all  not  only  acts  with  chromic  acid  in  the  same 
way  as  does  alcohol,  but  that  the  substance  in  the  urine,  whatever  it  may  be,  "  is  capa- 
ble of  being  similarly  oxidized  into  an  acid  which  is  apparently  identical  with  acetic  acid, 
iind  similarly  converted  to  iodoform  by  boiling  with  iodine  and  an  alkali."  Nevertheless, 
when  alcohol  has  been  taken  in  narcotic  doses,  there  is  a  certain  amount  of  alcoholic  elimi- 
nation in  the  urine,  as  was  shown  long  ago  by  Percy.  We  are  not,  however,  considering 
at  present  the  elimination  of  alcohol  when  the  ingestion  of  this  principle  has  been  pushed 
to  extreme  intoxication,  but  only  the  question  whether  moderate  doses  of  alcohol  be 
eliminated  in  totality  or  he  consumed  in  the  organism  in  the  same  way  as  sugar  or  albu- 
men. It  is  possible  to  administer,  for  example,  such  quantities  of  sugar  that  a  certain 
amount  will  pass  off  in  the  urine ;  and  no  one  supposes  that  moderate  quantities  of  sugar 
are  not  consumed  in  the  organism.  As  the  result  of  the  final  experiments  of  Anstie,  it 
is  absolutely  certain  that  most  of  the  alcohol  which  is  taken  in  quantities  not  sufficient 
to  produce  alcoholic  intoxication  is  consumed  in  the  organism,  and  but  a  trivial  amount 
is  thrown  off,  either  in  the  urine,  the  fasces,  the  breath,  or  the  cutaneous  transpii-ation. 
This  question  is  of  the  greatest  importance  with  regard  to  the  moderate  use  of  alcohol 
-under  normal  conditions,  and  especially  in  its  bearing  upon  the  therapeutical  action  of 
the  various  alcoholic  drinks  administered  in  cases  of  disease. 

Taken  in  moderate  quantity,  alcohol  generally  produces  a  certain  amount  of  nervous 
exaltation,  which  gradually  passes  off.  In  some  individuals  the  mental  faculties  are 
sharpened  by  alcohol,  while  in  others  they  are  blunted.  There  is  nothing,  mdeed,  more 
variable  than  the  immediate  effects  of  alcohol  on  different  persons.  In  large  doses,  the 
effects  are  the  well-known  phenomena  of  intoxication,  delirium,  more  or  less  anaesthesia, 
coma,  and  sometimes,  if  the  quantity  be  excessive,  death.  As  the  rule,  the  mental  exal- 
tation produced  by  alcohol  is  followed  by  reaction  and  depression,  except  m  debilitated 
or  exhausted  conditions  of  the  system,  when  the  alcohol  seems  to  supply  a  decided 

The  views  of  physiologists  concerning  the  influence  of  a  moderate  quantity  of  alcohol 
on  the  nervous  system  are  somewhat  conflicting.  That  it  may  temporarily  give  tone  and 
vigor  to  the  system  when  the  energies  are  unusually  taxed,  cannot  be  doubted ;  but  this 
effect  is  not  produced  in  all  individuals.  The  constant  nse  of  alcohol  may  create  an  ap- 
parent necessity  for  it,  producing  a  condition  of  the  system  which  must  be  regarded  as 

^'*The?mmediate  effects  of  the  ingestion  of  a  moderate  quantity  of  alcohol,  continued 
for  a  fe^  days,  are  decided.  It  notably  diminishes  the  exhalation  of  ^^J^^^^  ^^f  /^^^ 
the  discharge  ;f  other  excrementitious  principles,  particularly  urea.  These  facts  W 
long  since  been  experimentally  demonstrated.  The  proper  amount  of  ^^^^ J^^^^^^^ 
cal  exercise,  tranqiillity  of  the  nervous  system,  and  all 

vigorous  nutrition  and  development  of  the  organism  Py^^^l^g'^^"^^'^^^;;';,^^.^^;; 
diminish,  the  amount  of  the  excretions,  correspondingly  increase  the  f  ^J' 
and,  if  continued,  are  of  permanent  benefit.    Alcohol,  on  the  other 
activity  of  nutrition.    If  its  use  be  long  continued,  the  assiimlative  powers  of  the  system 

.  It       fo™.rly  a  question  considcraWy  discussed  wheftor  a.coho,  exist  in  tho  ..ain  and  in       A^^^  [^-^^^^^^ 
ventricles,  in  intoxicated  persons.    Tl:is  was  settled  by  Percy,  wl,o  ^"""'1  a  ^^^n^    In  tbesc  experi- 

in  the  nrine,indops  poisoned  witli  alcohol  and  in  men  ^'•■^^'^-^^^'^^^^  f''^  ^ZT^e^^^^^ 
ments,  the  p  esence  of  alcohol  was  determined  by  distillation,  the  d.stilled  ^^'^^'^^^^^^tte  Pr^^^^^^^^  Alcohol  in 
of  dissolving  camphor.-l'^ov,  Prize  The^s.  An  Experimental  Inqmry  concermng  «e  Pre^nce  of 
the  VentricleH  of  the  Brain,  eto.,  London,  1839. 
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become  so  weakened  that  the  proper  quantity  of  food  cannot  be  appropriated,  and  alcohol 
Jcrred  to  supply  a  self-engendered  want.  The  organism  may  m  njany  m^tances,  be 
"strd  to  i  physiological  condition  by  discontinuing  the  use  of  alcoho  ;  but  >t  ,s  gen- 
er  jrsome  til  before  the  nutritive  powers  become  active,  and  alcohol,  meanwhile, 

^^^^;::tSl^;;rSSl:^^^e  orgamsm  can  be  adeqnatelysupplied  with  f.od, 
alcoli^l  il  u:doubt'edly  injurious.  When  the  quantity  of  food  is  --f;-^^^^^^^^ 
supply  the  want  for  a  time  and  temporarily  restore  the  powers  of  the  body,  but  the 
eSs  o  it!  continued  use,  conioined  with  insufficient  nourishment,  show  that  it  can- 
n  take  the  place  of  assimilable  matter.  These  effects  are  too  well  kno-n  to  the 
physician,  particularly  in  hospital-practice,  to  need  farther  comment.  Notwi  -tand- 
Lg  these  undoubted  physiological  tacts,  alcohol,  in  some  form  xs  used  ^os  eve  y 
people  on  the  face  of  the  earth,  civilized  or  savage.  Whether  this  be  m  oidei  to 
meet  some  want  occasionally  felt  by  and  peculiar  to  the  human  organism,  is  a  ques- 
tion upon  which  physiologists  have  found  it  impossible  to  agree.  That  alcohol,  at 
certain  times,  taken  in  moderation,  soothes  and  tranquiUizes  the  nervous  system  and 
relieves  exhaustion  dependent  upon  unusually  severe  mental  or  physical  exertion  cannot 
be  doubted.  It  is  by  far  too  material  a  view  to  take  of  existence,  to  suppose  that  the 
highest  condition  of  man  is  that  in  which  the  functions,  possessed  m  common  with  the 
lower  animals,  are  most  perfectly  performed.  Inasmuch  as  temporary  msufficiency  of 
food,  great  exhaustion  of  the  nervous  system,  and  various  conditions  m  which  alcohol 
seems  to  be  useful,  must  of  necessity  often  occur,  it  is  hardly  proper _  that  tins  agent 
should  be  utterly  condemned ;  but  it  is  the  article,  par  excellence,  which  is  liable  to  abuse, 
and  the  effects  of  which  on  the  mind  and  body,  when  taken  constantly  in  excess,  are 
most  serious. 

Although  alcohol  imparts  a  genial  warmth  when  the  system  is  suffering  from  ex- 
cessive cold,  it  is  not  proven  that  it  enables  men  to  endure  a  very  low  temperature  for  a 
great  lengtli  of  time.    This  end  can  be  effectually  accomplished  only  by  an  increased 
quantity  of  food.    The  testimony  of  Dr.  Hayes,  the  Arctic  explorer,  is  very  strong  upon 
this  point.    He  says :  "  While  fresh  animal  food,  and  especially  fat,  is  absolutely  essen- 
tial to  the  inhabitants  and  travellers  in  Arctic  countries,  alcohol  is,  in  almost  any  shape, 
not  only  completely  useless  but  positively  injurious.  .  .  .  Circumstances  may  occur 
under  which  its  administration  seems  necessary;  such,  for  instance,  as  great  pros- 
tration from  long-continued  exposure  and  exertion,  or  from  getting  wet;  but  then  it 
should  be  avoided,  if  possible,  for  the  succeeding  reaction  is  always  to  be  dreaded ;  and, 
if  a  place  of  safety  is  not  near  at  hand,  the  immediate  danger  is  only  temporarily 
guarded  against,  and  becomes,  finally,  greatly  augmented  by  reason  of  decreased  vitality. 
If  given  at  all,  it  should  be  in  very  small  quantities  frequently  repeated,  and  continued 
until  a  place  of  safety  is  reached.    I  have  known  the  most  unpleasant  consequences  to 
result  from  the  injudicious  use  of  whiskey  for  the  purpose  of  temporary  stimulation, 
and  have  also  known  strong  able-bodied  men  to  have  become  utterly  incapable  of  resist- 
ing cold  in  consequence  of  the  long-continued  use  of  alcoholic  drinks." 

It  is  not  demonstrated  that  alcohol  increases  the  capacity  to  endure  severe  and  pro- 
tracted bodily  exertion.  Its  influence  as  a  therapeutic  agent,  in  promoting  assimilation 
in  certain  conditions  of  defective  nutrition,  in  relieving'  shock  and  nervous  exhaustion,  in 
sustaining  the  powers  of  life  in  acute  diseases  characterized  by  rapid  emaciation  and 
abnormally  active  disassimilation,  etc.,  is  undoubted;  but  the  consideration  of  these 
questions  does  not  belong  to  physiology. 


Cofee. 

Coffee  is  an  article  consumed  daily  by  many  millions  of  human  beings  in  all  quarters 
of  the  globe.  In  armies  it  has  been  found  almost  indispensable,  enabling  men  on  moderate 
rations  to  perform  an  amount  of  labor  which  would  otherwise  be  impossible.  After 
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exhausting  efforts  of  any  kind,  there  is  no  article  which  relieves  the  overpowering  sense 
■  of  fatigue  so  completely  as  coffee.  Army-surgeons  say  that  at  night,  after  a  severe 
march,  the  first  desire  of  the  soldier  is  for  coffee,  hot  or  cold,  with  or  without  sugar,  the 
only  essential  being  a  sufficient  quantity  of  the  pure  article.  This  has  beeu  tlie  universal 
experience  in  the  late  civil  war ;  the  rations  of  coffee  issued  by  the  United  States  Govern- 
ment being  abundant  and  pure,  though  not,  of  course,  of  the  quality  possessing  the  most 
delicate  flavor.  Almost  every  one  can  bear  testimony  from  personal  experience  to  the 
effects  of  coffee  in  relieving  the  sense  of  fatigue  after  mental  or  bodily  exertion  and  in 
increasing  the  capacity  for  labor,  especially  mental,  by  producing  wakefulness  and  clear- 
ness of  intellect.  From  these  facts,  the  importance  of  coffee,  either  as  an  alimentary 
article  or  as  takmg  the  place,  to  a  certain  extent,  of  aliment,  is  apparent. 

Except  in  persons  who,  from  idiosyncrasy,  are  unpleasantly  affected  by  it,  coffee, 
taken  in  moderate  quantity  and  at  proper  times,  produces  an  agreeable  sense  of  tran- 
quillity and  comfort,  with,  however,  no  disinclination  to  exertion,  either  mental  or 
physical.  Its  immediate  influence  upon  the  system,  which  is  undoubtedly  stimulant,  is 
peculiar  and  is  not  followed  by  reaction  or  unpleasant  after-effects.  Habitual  use  renders 
coffee  almost  a  necessity,  even  in  those  who  are  otherwise  well  nourished  and  subjected  to 
no  extraordinary  mental  or  bodily  strain.  Taken  in  excessive  quantity,  or  in  those  unac- 
customed to  its  use,  particularly  when  taken  at  night,  it  produces  persistent  wakeful- 
ness. These  effects  are  so  well  known  that  it  is  often  taken  for  the  purpose  of  prevent- 
ing sleep.  '  ,     .  . 

Experimental  researches  have  shown  that  the  use  of  coffee  permits  a  reduction  in 
the  quantity  of  food,  in  workingmen  especially,  much  below  the  standard  which  would 
otherwise  be  necessary  to  maintain  the  organism  in  proper  condition.  In  the  observa- 
tions of  De  Gasparin  upon  the  regimen  of  the  Belgian  miners,  it  was  found  that  the 
addition  of  a  quantity  of  coffee  to  the  daily  ration  enabled  them  to  perform  their  arduous 
labors  on  a  diet  which  was  even  below  that  found  necessary  in  prisons  and  elsewhere 
where  this  article  was  not  employed.  Numerous  experiments  have  shown  that  coffee 
diminishes  the  absolute  quantity  of  urea  discharged  by  the  kidneys  In  this  respect,  as 
far  as  has  been  ascertained,  the  action  of  coffee  is  like  that  of  alcohol  and  may  reason- 
ably be  supposed  to  retard  disassimilation,  with  the  important  difference  that  it  is 
followed  by  no  unfavorable  after-effects  and  can  be  used  in  moderation  for  an  mdefinite 

time  with  advantage.  ,     , ,  .  •       e    -u  t- 

A  study  of  the  composition  of  coffee  shows  a  considerable  proportion  of  what  must 
be  considered  as  aUmentary  matter.    The  following  is  the  result  of  the  analyses  of  Payen : 

Composition  of  Coffee. 

  34-000 

Cellulose     12-000 

Water  (hygroscopic)  .10  to  13-000 

Fatty  substances   15-500 

Glucose,  dextrine,  indeterminate  vegetable  acid  .  y^.  . 10-000 

Legumine,  caseine,  etc   ^.^  ^^  g.QQO 

Chlorolignate  of  potash,  and  caffeine   ^.^^^ 

Nitrogenized  organic  matter   0-SOO 

Free  caffeine     0-001 

Concrete,  insoluble  essential  oil   q.qq2 

Aromatic  essence,  of  agreeable  odor,  soluble  in  water.. ..... ... .  J  •"•.•^^i-^' 

Mineral  substances;  potash,  magnesia,  lime,  phosphoric,  sihcic,  and  sulphunc  acid  and  ^^^^ 

chlorine    

100-000 

The  above  is  the  composition  of  raw  coffee  but  the  berry  is  seldom  ^^e^  in Jlmt 
form,  being  usually  subjected  to  torrification  before  an  infusion  is  made.    Ihe  roasting 
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should  be  conducted  slowly  and  gently,  until  the  grains  assume  a  chestnut-hrown  colo.. 
During  this  process,  the  grains  are  considerably  swollen,  but  they  lose  from  s.xteen  to 
seventeen  per  cent,  in  weight.  A  peculiar  aromatic  principle  .s  also  deve  oped  by  roasting 
the  torrification  be  pushed  too  far,  much  of  the  agreeable  flavor  is  lost,  and  an  aci-.d 
empyreumatic  principle  is  produced.  An  infusion  of  fifteen  hundred  grains  of  roasted 
Lcf^round  coSee  in  about  a  quart  of  boiling  water,  the  mtus.on  made  by  snnp  e  per- 
Mon  contains  about  three  hundred  grains  of  the  soluble  pnnciples.  Accordmg  to 
S  3  n  ibis  contains  about  one  hundred  and  forty  grains  of  mtrogenized  matters  and 
one  h;ndred  and  fifty-three  grains  of  fatty,  saccharine,  and  salme  substances.  There  ,s 
every  reason  to  suppose  that  that  these  principles  are  assimilated;  and  an  infusion  of 
coZ,  with  milk  and  sugar,  presents,  therefore,  a  considerable  variety  and  quantity  of 
aUmentary  matter.  The  peculiar  stimulant  effects  of  coffee  are  probably  due  to  the 
caffeine  and  volatile  oil.  ,    ,         ^  j      i      j  ■„t.^ 

In  the  countries  where  coffee  is  grown,  the  leaves  of  the  shrub,  roasted  and  made  into 
an  infusion,  are  quite  commonly  used.  Their  effects  upon  the  system  are  similar  to  those 
of  coffee,  and  it  is  said  that  the  natives  prefer  the  leaves  to  the  berry. 

Tea. 

An  mfusion  of  the  dried  and  prepared  leaves  of  the  tea-plant  is  perhaps  as  common  a 
beverage  as  coffee,  and,  taking  into  consideration  its  immense  consumption  m  China  and 
Japan,  it  is  actually  used  by  a  greater  number  of  persons.  Its  effects  upon  the  system  are 
similar  to  those  of  coffee,  but  are  generally  not  so  marked.  Ordinary  tea  taken  in 
moderate  quantity,  like  coffee,  relieves  fatigue  and  increases  mental  activity,  but  does  not 
usually  induce  such  persistent  wakefulness. 

It  is  unnecessary  to  describe  all  the  varieties  of  tea  in  common  use.  There  are,  how- 
ever, certain  varieties,  called  green  teas,  which  present  important  differences,  as  regards 
composition  and  physiological  effects,  from  the  black  teas,  which  are  more  commonly 
used.    The  following  is  a  comparative  analysis  of  these  two  varieties  by  Mulder : 


Composition  of  Tea. 


OirtNEBB. 

Javanesb. 

Constituents. 

HyGOn. 

Congou. 

Hyson. 

Congou. 

0-79 

0-60 

0-98 

0-65- 

2-22 

1-84 

8-24 

1-28 

0-28 

0-32 

2-22 

8-64 

1-64 

2-44 

8-56 

7-28 

12-20 

11-08 

l'7-80 

12-88 

17-66 

14-80 

0-43 

0-46 

0-60 

0-65 

22-80 

19-88 

21-68 

18-64 

1-48 

1-64 

23-60 
3-00 

19-12 
2-80 

20-36 
8-64 

18-24 
1-28 

17-08 

28-32 

18-20 

27-00 

98-78 

98-30 

100-42 

97-70 

B-B6 

5-24 

4-76 

5-36 

Both  tea  and  coffee  possess  peculiar  organic  principles.  The  active  principle  of  tea  is 
called  theine,  and  the  active  principle  of  coffee,  caffeine.  As  they  are  supposed  to  be 
particularly  active  in  producing  the  peculiar  effects  npon  the  nervous  system  which  are 
characteristic  of  both  tea  and  coffee,  there  is  good  reason  to  suppose  that  they  are  noariy 
identical  in  their  physiological  effects.  Theine  (or  caffeine)  exists  in  greater  proportion 
in  tea  than  in  coffee ;  but,  as  a  rule,  much  more  soluble  matter  is  employed  in  the  prepara- 
tion of  coffee,  which  may  account  for  its  more  marked  effects  upon  the  system. 


190 


ALIMENTATION. 


Green  tea,  especially  in  those  unaccustomed  to  its  use,  frequently  produces  nervous 
tremor,  wakefulness,  and  disturbed  sleep — when  sleep  can  be  obtained — palpitations,  and 
other  disturbances  usually  termed  nervous.  In  some  persons  these  unpleasant  effects  may 
be  overcome  by  habit;  and  many  constantly  use  a  mixture  of  equal  parts  of  black  and 
green  tea  with  no  un[)leasant  effects.  The  peculiar  effects  of  green  tea  are  attributed  to 
the  volatile  oil,  which  it  contains  in  great  abundance. 

Tea  is  prepared  for  drinking  by  rapidly  making  an  infusion  of  the  leaves  with  hot 
water.  The  aroma  is  impaired  by  boiling.  The  proportion  generally  used  is  about 
three  hundred  grains  of  tea  to  a  quart  of  water.  The  tea  is  first  covered  with  boiling 
water  and  allowed  to  steep,  or  "  draw,"  /or  from  ten  to  fifteen  minutes,  in  a  warm 
place;  boiling  water  is  then  added  in  the  quantity  desired.  Green  tea,  treated  in  this 
way,  yields  about  twenty  per  cent,  of  soluble  matters,  and  black  tea,  about  twenty- 
three  per  cent. 

Chocolate. 

Chocolate  is  made  from  the  seeds  of  the  cocoa-tree,  roasted,  deprived  of  their  husks, 
and  ground  with  warm  rollers  into  a  pasty  mass  with  sugar,  flavoring  substances  being 
sometimes  added.  It  is  then  made  into  cakes,  cut  into  small  pieces  or  scraped  to  a  pow- 
der, and  boiled  with  milk  or  milk  and  water,  when  it  forms  a  thick,  gruel-like  drink, 
which  is  highly  nutritive  and  has  some  of  the  exhilarating  properties  of  coffee  or  tea. 
Beside  containing  a  large  proportion  of  nitrogenized  matter  resembling  albumen,  the 
cocoa-seed  is  particularly  rich  in  fatty  matter  and  contains  a  peculiar  principle,  theobro- 
mine, analogous  to  caffeine  and  theine,  which  is  supposed  to  possess  similar  physiological 
properties. 

The  following  is  an  analysis  by  Payen  of  the  cocoa-seeds  freed  from  the  husks  but 
not  roasted.  Torrification  has  the  effect  of  developing  the  peculiar  aromatic  prmciple, 
and  moderating  the  bitterness,  which  is  always  more  or  less  marked : 


Composition  of  Kerneh  of  Cocoa. 

Fatty  matter  (cocoa-butter)   48  to  50 

Albumen,  fibrin,  and  other  nitrogenized  matter   21  20 

Theobromme  

Starch  (with  traces  of  saccharine  matter)  •   " 

Cellulose  

Colorine  matter,  aromatic  essence   traces. 

  3  to  4 

Mmeral  substances  

„  .        ,    10  "  12 

Hygroscopic  water      

100  100 

It  is  evident,  from  the  above  table,  that  cocoa  with  milk  and  sugar,  the  ordinary  form 
in  which  chocolate  is  taken,  must  form  a  very  nutritious  mixture.  Taken  with  a  little 
bread,  it  readily  relieves  hunger  and  supplies  nearly  all  the  principles  absolutely  necessary 
to  nutrition.  Its  influence  as  a  stimulant,  supplying  the  place  of  matter  which  is  directly 
assimilated  and  retarding  disassimilation,  is  dependent,  if  it  exist  at  all,  upon  the  theobro- 
mine- but  its  stimulating  properties  are  slight  as  compared  with  those  of  coffee  and  tea. 

A  drink  called  cocoa  is  sometimes  made  of  the  seeds  roasted  entire  and  mixed  with  a 
little  starchy  matter,  but  this  is  not  so  delicate  in  flavor  as  chocolate.  A  brown  mucilagi- 
nous infusion  is  sometimes  made  of  the  husks  (shells).  This  has  a  slight  chocolate-flavor, 
but  it  does  not  possess  the  nutrient  properties  of  the  kernels  of  cocoa. 

Condiments  and  Flavoring  Articles. 
The  refinements  of  modern  cookery  involve  the  use  of  numerous  articles  which  can- 
not be  classed  as  alimentary  principles.    Pepper,  capsicum,  vinegar,  mustard,  spices,  and 
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articles  of  this  class,  which  are  so  commonly  used,  with  the  various  compound  sauces, 
have  no  decided  influence  on  nutrition,  except  in  so  far  as  they  promote  the  secretion  of 
the  digestive  fluids  Common  salt,  however,  as  we  have  already  seen,  is  very  important, 
and  this  has  been  considered  under  the  head  of  inorganic  alimentary  principles.  The 
various  flavoring  seeds  and  leaves,  truifles,  mushrooms,  etc.,  have  no  physiological  impor- 
tance except  as  they  render  articles  of  food  more  palatable. 

Quantity  and  Variety  of  Food  necessary  to  Nutrition. 
The  inferior  animals,  especially  those  not  subjected  to  the  influence  of  man,  regulate 
by  instinct  the  quantity  and  kind  of  food  which  they  consume.  The  same  is  true  of  man 
during  the  earUest  periods  of  his  existence  ;  but,  later  in  life,  the  diet  is  variously  modi- 
fied by  taste,  habit,  climate,  and  what  may  be  termed  artificial  wants.  It  is  usually  a 
safe  rule  to  follow  the  appetite  with  regard  to  quantity,  and  the  tastes,  when  they  are 
not  manifestly  vitiated  or  morbid,  with  regard  to  variety.  The  cravings  of  Nature  indi- 
cate when  to  change  the  form  in  which  nutriment  is  taken;  and  that  a  sufiicient  quan- 
tity has  been  taken  is  manifested  by  a  sense,  not  exactly  of  satiety,  but  of  evident  satis- 
faction of  the  demands  of  the  system.  During  the  first  periods  of  life,  the  supply  must 
be  a  little  in  excess  of  the  actual  loss,  in  order  to  furnish  materials  for  growth  ;  durmg 
the  later  periods,  the  quantity  of  nitrogenized  matter  assimilated  is  somewhat  less  than 
the  loss  •  but,  in  adult  age,  the  system  is  maintained  at  a  tolerably  definite  standard  by 
the  assimUati'on  of  material  about  equal  in  quantity  to  that  which  is  discharged  in  the 
form  of  excretions. 

Although  the  loss  of  substance  by  disassimilation  creates  and  regulates  the  demand  tor 
food,  it  is  an  important  fact,  never  to  be  lost  sight  of,  that  the  supply  of  food  has  a  very 
great  influence  upon  the  quantity  of  the  excretions.  As  an  iUustration  of  this,  we  may 
take  the  influence  of  food  upon  fhe  exhalation  of  carbonic  acid ;  and  this  is  but  an 
example  of  what  takes  place  with  regard  to  other  excretions.  The  quantity  of  the 
excretions  is  even  more  strikingly  modified  by  exercise,  which,  within  physiological 
Umits,  increases  the  vigor  of  the  system,  provided  the  increased  quantity  of  food  required 
be  supplied. 

"While  a  certain  amount  of  waste  of  the  system  is  inevitable,  it  is  a  conservative  pro- 
vision of  Nature,  that,  when  the  supply  of  new  material  is  diminished,  life  is  preserved— 
not,  indeed,  in  all  its  vigor— by  a  corresponding  reduction  in  the  quantity  of  excre- 
tions ;  and,  in  the  same  way,  the  forces  are  retained  after  complete  deprivation  of  food 
much  longer  than  if  disassimilation  proceeded  always  with  the  same  activity. 

As  regards  the  quantity  of  food  necessary  to  maintain  the  system  in  proper  condition, 
it  is  evident  that  this  must  be  greatly  modified  by  habit,  climate,  the  condition  of  the 
muscular  system,  age,  sex,  etc.,  as  well  as  idiosyncrasies. 

The  daily  loss  of  substance  which  must  be  supplied  by  material  introduced  from  with- 
out is  very  great.  A  large  portion  of  this  discharge  takes  place  by  the  lungs,  and  a  con- 
sideration of  the  mode  of  introduction  of  gaseous  principles  to  supply  part  of  this  waste  be- 
longs to  the  subject  of  respiration.  The  most  abundant  discharge  which  is  compensated  by 
absorption  from  the  alimentary  canal  is  that  of  water,  both  in  a  liquid  and  vaporous  con- 
dition. The  entire  quantity  of  water  daily  removed  frojn  the  system  has  been  estimated 
at  about  four  and  a  half  pounds  ;  and,  assuming  that  there  is  no  evidence  of  the  produc- 
tion of  water  in  the  organism,  an  equal  quantity  must  necessarily  be  introduced.  The 
quantity  which  is  taken  in  the  form  of  drink  varies  with  the  character  of  the  food.  "When 
the  solid  articles  contain  a  large  proportion  of  water,  the  quantity  of  drink  may  be  di- 
minished ;  and  it  is  possible,  by  taking  a  large  proportion  of  the  watery  vegetables,  to 
exist  entirely  without  drink.  Tiiere  is  no  article  the  consumption  of  which  is  so  much 
a  matter  of  habit  as  water,  any  excess  which  may  be  taken  being  readily  removed  by  the 
kidneys,  skin,  and  lungs.  Prof.  Dalton  estimates  the  daily  quantity  necessary  for  a  full- 
grown,  healthy  male,  at  fifty-two  fluid  ounces,  or  3-38  lbs.  avoirdupois. 
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The  quantity  of  solid  food  necessary  to  the  proper  nourishment  of  the  body  is  shown 
by  estimating  the  solid  matter  in  tlie  excretions ;  and  the  facts  thus  ascertained  corre- 
spond very  closely  with  the  quantity  of  material  which  the  system  has  been  found  to 
actually  demand.  The  estimates  of  Payen,  the  quantity  of  carbon  and  of  nitrogenized 
matter  in  a  dry  state  being  given,  are  generally  quoted  and  adopted  in  works  on  physiol- 
ogy.   According  to  this  observer,  the  following  are  the  daily  losses  of  the  organism : 

Carbon  (or  its  equivalent). . 
Nitrogenized  substances. . . . 


Respiration,  3,868-5  grs. 
Excretions,      926-04  " 
(with  308-68  grs.  of  nit.) 


4,794-54  grs.  (10-93  oz.  av.) 
2,006-42  grs.  (  4-58  oz.  av.) 
6,800-96  grs.  (15-51  oz.  av.) 


From  this  he  estimates  that  the  normal  ration,  supposing  the  food  to  consist  of  lean 
meat  and  bread,  is  as  follows : 

Nitrogenized  Butstances.  Corbon. 

Bread   15,434     grs.  (35-27  oz.)  =  1,080-88  grs.       and       4,630-2  grs. 

Meat   4,412-12  grs.  (10-09  oz.)  =    930-06  grs.       and         485  55  grs. 

19,846-12  grs.  (45-36  oz.)      2,010-43  grs.  6,115-75  grs. 

This  daily  ration,  which  is  purely  theoretical,  is  shown  by  actual  observation  to  be 
nearly  correct.  Prof.  Dalton  says:  "From  experiments  performed  while  living  on  an 
exclusive  diet  of  bread,  fresh  meat,  and  butter,  with  coffee  and  water  for  drmk,  we  have 
found  that  the  entire  quantity  of  food  required  during  twenty-four  hours  by  a  man  m 
full  health  and  taking  free  exercise  in  the  open  air,  is  as  follows : 

'16  ounces,  or  1-00  lb.  avoirdupois. 

^^^"^  19  "  "i-ig- 

Bread   ,^       „  „ 

Butter  or  fat   3^  .  "  „ 

^Vater   62  fluid  oz.  "  3-38  " 

That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid  food,  and  rather  over 

^^'^Belring  il  mind  the°  great  variations  in  the  nutritive  demands  of  the  system  in  difler- 
ent  persons,  it  may  be  stated,  in  general  tei-ms,  that,  in  an  adult  male  from  ten  to  twelve 
ounces  of  carbon  and  from  four  to  five  ounces  of  nitrogemzed  matter  (estimated  d  y) 
are  discharged  from  the  organism  and  must  be  replaced  by  themgesta  ;  and  tins  de 
mands  a  daily  consumption  of  from  two  to  three  pounds  of  solid  food,  the  quantity  of 
food  depending,  of  course,  greatly  on  its  proportion  of  solid,  nutritive  prmcip les. 

It  is  undoubtedly  true  that  the  daily  ration  has  frequently  been  d.mmished  consider^ 
ably  below  the  physiological  standard  in  charitable  institutions,  pnsons  etc. ; 
Jh  re  is  complete  inactivity  of  body  and  mind,  this  produces  no  other  effect  t  lan  that  of 
s  Itly  diminishing  the  weight  and  strength.  The  system  then  becomes  reduced  with- 
o^ anv  Jual  disease,  and  there  is  simply  a  diminished  capacity  for  labor.  But  m  the 
^^Z^T^  ofLge^^^^^^  of  men  subjected  to  exposure  and  frequently  called  upon 
torrfor  n  severe  labor,  the  question  of  food  is  of  vital  importance,  and  the  men  collec- 
t  v^y  a  like  a  powerful  machine  in  which  a  certain  quantity  of  material  must  be  fur- 
Sd^oider  t'o  produce  the  required  amount  of  force.    This  importer,  ^ry^^ 

^^Te"^  diet  upon  the  capacity  for  labor  was  well  ^^^^^^^ 
son  of  the  amount  of  work  accomplished  by  English  and  French  laborer  "  184^  «^ 
a  railroad  from  Paris  to  Rouen.    The  French  laborers  engaged  on  this  uork  weie 
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„M«  «t  first  to  nerform  only  about  two-thirds  of  the  labor  accomplished  by  the  English. 
i?t  was  sttlrtha    h  s  was  due  to  the  more  substantial  diet  of  the  English  which 
ZZ  bli  the  fact-  for  when  the  French  laborers  were  subjected  to  a  smvlar  reg.- 
;Z  they  w  a^^^^^^^^  -  I- 

Snd'  and  they  are  very  numerous,  it  has  been  shown  that  an  amma  diet  is  much  more 
•!;;vlble  to  thVdevelopment  of  the  physical  forces  than  one  consisting  mainly  ot  vege- 

*'^oLate  has  an  important  influence  on  the  quantity  of  food  demanded  by  the  system 
,It  is  rera  racknowled      that  the  consumption  of  all  kinds  of  food  is  greater  in  cold 
Jan  tn  w^^  climates,  and  almost  every  one  has  experienced  in  his  own  person  a  con- 
;  wlble  difference  in  the  appetite  at  different  seasons  of  the  year.    Travelers'  accounts 
i  ot  the  quantity  of  food  taken  by  the  natives  of  the  frigid  zone  are  almost  mci^dihle. 
They  speak  of  men  consuming  over  a  hundred  pounds  of  meat  m  a  day;  and  a  Russian 
admiral,  Saritcheff,  mentions  an  instance  of  a  man  who,  in  his  presence,  ate  at  a  single 
■meal  a  mess  of  boiled  rice  and  butter  weigliing  twenty-eight  pounds.    Although  it  is 
,  difficult  to  regard  these  statements  with  entu-e  confidence,  the  general  opinion  that  the 
appetite  is  greater  in  cold  than  in  warm  climates  is  undoubtedly  well  founded.  Dr. 
Hayes  the  Arctic  explorer,  states,  from  his  personal  observation,  that  the  daily  ration 
of  theEsquimaux  is  from  twelve  to  fifteen  pounds  of  meat,  about  one-third  of  which  is 
fat     On  one  occasion  he  saw  an  Esquimau  consume  ten  pounds  of  walrus-flesh  and 
blubber  at  a  single  meal,  which  lasted,  however,  several  hours.    The  continued  low 
temperature  he  found  had  a  remarkable  effect  on  the  tastes  of  his  own  party.    With  the 
thermometer  ranging  from  -60°  to  -70°  Fahr.,  there  was  a  continual  cravmg  for  a 
strong  animal  diet,  particularly  fatty  substances.    Some  members  of  the  party  were  in 
the  habit  of  drinking  the  contents  of  the  oil-kettle  with  evident  rehsh. 

Necessity  of  a  Varied  Diet. 

In  considering  the  nutritive  value  of  the  various  alimentary  principles,  the  fact  that 
no  single  one  of  them  is  capable  of  supplying  all  the  material  for  the  regeneration  of  the 
organism  has  frequently  been  mentioned.  The  normal  appetite,  which  is  our  best  guide 
as  regards  the  quantity  and  the  selection  of  food,  indicates  that  a  varied  diet  is  necessary 
to  proper  nutrition.  This  fact  is  also  exemplified  in  a  marked  degree  in  long  voyages 
and  in  the  alimentation  of  armies,  when,  from  necessity  or  otherwise,  the  necessary 
variety  of  aliment  is  not  presented.  Analytical  chemistry  fails  to  show  why  this  change 
in  alimentary  principles  is  necessary,  or  in  what,  the  deficiency  in  a  single  kind  of  diet 
consists;  but  it  is  nevertheless  true  that,  after  the  organic  constituents  of  the  organism 
have  appropriated  the  nutritious  elements  of  particular  kinds  of  food  for  a  certain  time, 
they  lose  the  power  of  inducmg  the  changes  necessary  to  proper  nutrition,  and  a  supply 
of  other  material  is  imperatively  demanded.  This  fact  is  particularly  well  marked  when 
the  diet  consists  in  great  part  of  salted  meats,  although  it  is  also  the  case  when  any  single 
variety  of  fresh  meat  is  constantly  used.  After  long  confinement  to  a  diet  restricted  as 
regards  variety,  a  supply  of  other  material,  such  as  fresh  vegetables,  the  organic  acids, 
and  articles  which  are  called  generally  anti-scorbutics,  becomes  indispensable ;  otherwise, 
the  modifications  in  nutrition  and  m  the  constitution  of 'the  blood  incident  to  the  scor- 
butic condition  are  almost  sure  to  be  developed. 

It  is  thus  apparent  that  adequate  quantity  and  proper  quality  of  food  are  not  all 
that  are  required  in  alimentation ;  and  those  who  have  the  responsibility  of  regulating 
the  diet  of  a  large  number  of  persons  must  bear  in  mind  the  fact  that  the  organism  de- 
mands considerable  variety.  Fresh  vegetables,  fruits,  etc.,  should  be  taken  at  the  proper 
seasons.  It  is  almost  always  found,  when  there  is  of  necessity  some  sameness  of  diet, 
that  there  is  a  general  craving  for  particular  articles,  and  these,  if  possible,  should  be 
supplied.  This  was  frequently  exemplified  in  the  late  war.  At  times  when  the  diet  was 
13 
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necessarily  somewhat  monotonous,  there  was  an  almost  universal  craving  for  onions  and 
raw  potatoes,  which  were  found  by  the  surgeons  to  be  excellent  anti-scorbutics. 

With  those  who  supply  their  own  food,  the  question  of  variety  of  diet  generally 
regulates  itself;  and  in  institutions,  it  is  a  good  rule  to  follow  as  far  as  possible  the 
reasonable  tastes  of  the  inmates.  In  individuals,  particularly  females,  it  is  not  uncommon 
to  observe  marked  disorders  in  nutrition  attributable  to  want  of  variety  in  the  diet  as 
well  as  to  an  insufficient  quantity  of  food,  as  a  matter  of  education  or  habit. 

The  physiological  effects  of  a  diet  restricted  to  a  single  alimentary  principle  or  to  a 
few  articles  have  been  pretty  closely  studied  both  in  the  human  subject  and  in  the  inferior 
animals.  Magendie  demonstrated  long  ago  that  animals  subjected  to  a  diet  composed 
exclusively  of  non-nitrogenized  articles  die  in  a  short  time  with  all  the  symptoms  of 
inanition.  The  same  result  followed  in  dogs  confined  to  white  bread  and  water;  but 
these  animals  lived  very  well  on  the  military  brown  bread,  as  this  contains  a  greater 
variety  of  alimentary  principles.  Facts  of  this  nature  were  multiplied  by  the  "gelatine 
commission,"  and  the  experiments  were  extended  to  nitrogenized  substances  and  articles 
containing  a  considerable  variety  of  alimentary  principles.  In  these  experiments,  it  was 
shown  that  dogs  could  not  live  on  a  diet  of  pure  musculine,  the  appetite  entirely  failing,  at 
from  the  forty-third  to  the  fifty-fifth  day.  They  were  nourished  perfectly  well  by  gluten, 
which;  as  we  have  seen,  is  composed  of  a  number  of  different  alimentary  principles. 
Among  the  conclusions  arrived  at  by  this  commission,  which  bear  particularly  on  the 
questions  under  consideration,  were  the  following : 

"  Gelatine,  albumen,  fibrin,  taken  separately,  do  not  nourish  animals  except  for  a  very 
limited  period  and  in  a  very  incomplete  manner.  In  general,  these  substances  soon 
excite  an  insurmountable  disgust,  to  the  point  that  animals  prefer  to  die  of  hunger  rather 
than  touch  them. 

"  The  same  principles  artificially  combined  and  rendered  agreeably  sapid  by  season- 
ing are  accepted  more  readily  and  longer  than  if  they  were  isolated,  but  ultimately  they 
have  no  better  influence  on  nutrition,  for  animals  that  take  them,  even  in  considerable 
quantity,  finally  die  with  all  the  signs  of  complete  inanition. 

"  Muscular  flesh,  in  which  gelatine,  albumen,  and  fibrin  are  united  according  to  the 
laws  of  organic  nature,  and  when  they  are  associated  with  other  matters,  such  as  fat, 
salts,  etc.,  sufiices,  even  in  very  small  quantity,  for  complete  and  prolonged  nutri- 
tion." 

In  Burdach's  treatise  on  physiology,  is  an  account  of  some  interestmg  experiments  by 
Ernest  Burdach  on  rabbits,  showing  the  influence  of  a  restricted  diet  upon  nutrition. 
Three  young  rabbits  from  the  same  litter  were  experimented  upon.  0^&  was  fed  with 
potato  alone  and  died  on  the  thirteenth  day  with  all  the  appearances  of  manition 
Another  fed  on  barley  alone  died  in  the  same  way  durmg  the  fourth  week.  The  third 
was  fed  alternately  day  by  day  with  potato  and  barley,  for  three  weeks,  and  afterward 
with  potato  and  barley  given  together.  This  one  increased  in  size  and  was  perfectly 
well  nourished. 

In  1769,  long  before  any  of  the  above-mentioned  experiments  were  performed.  Dr. 
Stark,  a  young  English  physiologist,  fell  a  victim  at  an  early  age  to  ill-judged  experiments 
on  his  own  person  on  the  physiological  effects  of  different  kinds  of  food.  He  lived  for 
forty-four  days  on  bread  and  water,  for  twenty-nine  days  on  bread,  sugar,  and  water,  and 
for  twenty-four  days  on  bread,  water,  and  olive-oil ;  until  finally  his  constitution  became 
broken,  and  he  died  from  the  effects  of  his  experiments. 
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CHAPTER  VII. 
DIGESTION,  MASTICATION,  INSALIVATION,  AND  DEOLUTITION. 

General  arrangement  of  the  digesUvo  apparatus-Prehension  of  solids  and  liquids-Mastication-Physiological  anat- 
omy of  the  teeth— Anatomy  of  the  maxUlary  bones— Temporo-maxiUary  articulation-Muscles  of  mastication- 
Muscles  which  depress  the  lower  jaw-Action  of  the  muscles  which  elevate  the  lower  jaw  and  move  it  laterally 
and  antero-posteriorly-Aotion  of  the  tongue,  lips,  and  cheeks  in  mastication-Summary  of  the  process  of  masti- 
cation-Parotid saUva^Submaxillary  sahva-Sublingual  saUva-Fhuds  from  the  smaller  glands  of  tho  mouth, 
tongue  and  fauces-MUed  saliva-Quantity  of  saUva-General  properties  and  composition  of  the  sahva-Actiou 
of  the  saliva  on  starch-Mechanical  functions  of  the  saliva-Deglutition-Physiological  anatomy  of  the  parts  con- 
cerned in  deglutition-Muscles  of  the  pharynx-Muscles  of  the  soft  palate— Mucous  membrane  of  the  pharynx— 
(Esophagus— Mechanism  of  deglutition— First  period  of  deglutition— Second  period  of  deglutition— Protection  of 
the  posterior  nares  during  the  second  period  of  deglutition-Protection  of  the  opening  of  the  larj-nx-Function 
of  the  epiglottis— Study  of  deglutition  by  autolaryngoscopy— Third  period  of  deglutition-Intermittent  contrac- 
tion of  the  lower  third  of  the  (esophagus— Nature  of  the  movements  of  deglutition— Deglutition  of  air. 

The  inorganic  alimentary  principles  are,  with  few  exceptions,  introduced  in  the  form 
in  which  they  exist  in  the  blood  and  require  no  preparation  or  change  before  they  are 
absorbed ;  but  the  organic  nitrogenized  principles  are  always  united  with  more  or  less 
matter  possessing  no  nutritive  properties,  from  which  they  must  be  separated,  and,  even 
when  pure,  they  always  undergo  certain  changes  before  they  become  part  of  the  great 
nutritive  fluid.  The  non-nitrogenized  principles  also  undergo  changes  in  constitution  or 
in  form  preparatory  to  absorption.  With  the  varied  forms  in  which  food  is  taken  by 
different  animals,  we  find  great  diff"erences  in  the  arrangement  of  the  digestive  apparatus, 
from  the  simple  pouch  with  a  single  orifice,  which  constitutes  the  entire  digestive  system 
of  many  of  the  infusorial  animalcules,  to  the  immense  length  of  intestine,  with  its  numer- 
ous glandular  appendages,  found  in  the  mammaha.  In  the  higher  classes  of  animals, 
great  differences  exist  in  the  anatomy  of  the  digestive  organs,  particularly  as  regards  the 
length  and  capacity  of  the  alimentary  canal.  In  the  carnivora,  in  which  the  food  con- 
tains comparatively  little  indigestible  residue,  the  intestine  is  but  three  or  four  times  the 
length  of  the  body  {i.  e.  from  the  mouth  to  the  anus),  and  the  colon,  which  receives  the 
residue  of  digestion,  is  of  small  capacity ;  while  in  the  herbivora,  in  which  the  bulk  of 
food,  compared  with  its  nutritious  principles,  is  enormous,  there  are  frequently  four  dis- 
tinct cavities  to  the  stomach,  and  the  intestine  is  ten,  twelve,  and  in  some  (the  sheep) 
twenty-eight  times  the  length  of  the  body,  with  a  colon  of  very  large  size.  The  food  of 
man  is  derived  from  both  the  animal  and  the  vegetable  kingdom,  and,  in  relative  length 
and  capacity,  the  alimentary  canal  is  between  that  of  the  carnivora  and  the  herbivora, 
being  from  six  to  seven  times  the  length  of  the  body. 

A  full  meal  probably  occupies  from  two  to  four  hours  in  its  digestion,  this  depending, 
of  course,  upon  the  kind  of  food,  the  fineness  of  its  comminution  by  mastication,  etc.  The 
matters  taken  into  the  stomach  consist  generally  of  all  varieties  of  alimentary  principles, 
and  they  are  exposed  to  certain  mechanical  processes  in  the  mouth  and  alimentary  canal 
and  to  the  action  of  various  secreted  fluids. 

In  the  mouth,  the  food  is  divided,  as  occasion  denwrnds,  by  the  incisor  teeth,  and 
is  then  passed,  by  the  action  of  the  cheeks  and  tongue,  between  the  molars,  where  it  is 
subjected  to  mastication.  During  this  process,  it  is  mixed  with  the  various  fluids  which 
compose  the  saliva  and  becomes  more  or  less  coated  with  the  tenacious  secretions  of  the 
mucous  follicles  of  the  buccal  cavity.  It  is,  or  should  be,  reduced  in  the  mouth  to  a  pul- 
taceous  mass,  with  which  the  saliva,  particularly  that  from  tho  parotid  gland,  is  thoroughly 
incorporated.  The  secretion  of  the  submaxillary  and  tho  sublingual  gland,  being  more 
viscid,  has  a  tendency  to  coat  the  exterior  of  the  alimentary  bolus. 

By  the  action  of  tho  tongue,  the  alimentary  bolus,  after  mastication,  is  passed  back  to 
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the  pharynx,  where,  by  the  successive  action  ol'  the  constrictor  muscles,  it  is  forced 
into  the  oesophagus.  This  tube  leads  from  the  pharynx  to  the  stomach  and  is  provided 
witli  thick  muscular  walls,  by  the  contraction  of  which  the  food  is  passed  into  this  cavity, 
which  serves  at  once  as  a  receptacle  for  the  food  and  an  important  active  organ  in 
digestion. 


Fig.  iT— Stomach,  liver,  small  intestine,  etc.  (Sappey.) 
1  inferior  mrface  of  the  liter;  2,  round  ligament  of  the  liver;  8,  gall-Madder;  i,su2Mrior  surM^  of  mngU 
lobworm  liLr-TSlvhra-^      lowe?  portion  of  the  oesophagus;  1,  stomach;  8,  gaatro-hepatic  omentum ;  9, 
spleen-^  10  garVsplenfc  omentum ;  n,luodenum;  n,  n,  mall  intestine ;  iS,  caecum ;  li^appendm  ver- 
i^Z^is;  15, 15,  transverse  colon;  16,  sigmoidjlexure  of  the  colon;  IT.urmar)'  bladder. 

The  Stomach  is  covered  externally  by  the  general  peritoneal  covering  of  the  abdominal 
organs  It  is  provided  with  a  mucous  membrane,  which  secretes  the  gastric  juice  and 
absorbs  the  water  with  inorganic  and  other  principles  in  solution.  The  stomach  also  has 
muscular  walls,  composed  of  unstriped  muscular  fibres  arranged  in  two  principal  layers. 
ITearly  all  the  principles  contained  in  food  are  modified  by  the  gastric  juice,  and  some  arc 
completely  liquefied  and  absorbed  in  the  stomach.  By  the  action  of  the  gastric  jmce,  the 
food  comminuted  and  incorporated  with  the  fluids  of  the  mouth,  is  farther  reduced  to  a 
pultaceous  mass,  which  was  formerly  called  the  chyme,  the  muscular  movements  of  the 
stomach  turning  it  over  and  over,  so  that  it  becomes  thoroughly  incorporated  with  the 
fluids  These  movements  have  a  tendency  to  force  the  food,  as  it  becomes  sufficiently 
liquefied,  into  the  small  intestine;  and  a  collection  of  circular  muscular  fibres,  called 
sometimes  the  pyloric  muscle,  stands  at  the  pylorus  as  a  guard,  aUowmg  the  liquid  por- 
tions to  pass  gradually  through,  but  sending  back  the  larger  masses  to  be  farther  acted 
upon  in  the  stomach.    By  these  movements,  a  great  portion  of  the  food,  prepared  by  tne 
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action  of  the  stomach,  is  slowly  forced  into  the  small  intestine.  This  tube,  from  fifteen 
to  twenty  feet  in  length,  is  covered  with  peritoneum  and  loosely  bound  to  the  spinal 
column  by  the  mesentery,  which  is  formed  of  the  two  folds  of  the  peritoneum  and  is 
sufficiently  long  to  allow  of  free  movements  of  the  intestines  over  each  other  and  in  the 
abdominal  cavity,  except  the  first  few  inches,  where  it  is  pretty  firmly  attached  to  the 
posterior  abdominal  wall.  The  small  intestine  commences  by  a  dilated  portion  eight  or 
ten  inches  in  length,  called  the  duodenum.  The  remainder  is  divided  into  the  jejunum 
and  the  ileum.  The  former  embraces  the  upper  two-fifths  of  the  intestine,  but  there  is 
no  distinct  line  of  separation  between  it  and  the  ileum.  The  mucous  membrane  lining 
the  small  intestine  is  thick,  provided  with  an  immense  number  of  villi,  and,  particularly 
in  the  upper  portion,  is  thrown  into  transverse  folds,  which  are  called  the  valvulae  con- 
niventes.  The  valvulse  conniventes  disappear  in  the  lower  part  of  the  ileum.  They  are 
peculiar  to  the  human  subject.  Thickly  set  in  the  upper  part  of  the  duodenum  and  scat- 
tered through  its  lower  portion  and  the  upper  part  of  the  jejunum,  are  small  compound 
follicles  called  the  glands  of  Brunner ;  and  throughout  the  whole  of  the  intestine  are 
simple  follicles,  called  the  follicles  of  Lieberkiihn.  These  glandular  organs  secrete  the 
intestinal  juice.  As  the  food  passes  from  the  stomach  into  the  intestine,  it  imbibes 
the  bile  and  pancreatic  juice,  which  are  poured  into  the  duodenum,  as  well  as  the  intes- 
tinal juice. 

Between  the  mucous  membrane  of  the  small  intestine  and  the  peritoneum,  are  two 
layers  of  unstriped  muscular  fibres,  by  the  progressive  peristaltic  action  of  which  the 
food  is  passed  slowly  on  toward  the  large  intestine.  The  alimentary  principles,  liquefied 
and  prepared  by  digestion,  are  gradually  absorbed  by  the  blood-vessels  of  the  intestinal 
mucous  membrane  and  by  the  lacteals. 

The  indigestible  residue  of  the  food  is  passed  by  peristaltic  action  into  the  large  intes- 
tine. This  portion  of  the  alimentary  canal  is  from  four  to  six  feet  in  length  ;  and,  like 
the  small  intestine,  it  has  a  peritoneal,  mucous,  and  muscular  coat.  Under  ordinary  con- 
ditions the  large  intestine  is  not  concerned  in  digestion.  It  simply  retains  the  residue  of 
food,  with  certain  excrementitious  substances,  until  its  contents  are  expelled  by  the  act 
of  defascation. 

Prehensio7i  of  Solids  and  Liquids. 

The  diflTerent  modes  of  prehension  form  a  very  interesting  part  of  the  physiology  of 
digestion  in  the  inferior  animals;  but,  in  the  human  subject,  the  process  is  so  simple  and 
well  known  that  it  demands  nothing  more  than  a  passing  mention.  The  mechanism  of 
sucking  in  the  infant  and  of  drinking  is  a  little  more  complicated.  In  sucking,  the  lips 
are  closed  around  the  nipple,  the  velum  pendulum  palati  is  applied  to  the  back  of  the 
tongue  so  as  to  close  the  buccal  cavity  posteriorly,  and  the  tongue,  acting  as  a  piston, 
produces  a  tendency  to  a  vacuum  in  the  mouth,  by  which  the  liquids  are  drawn  in  with 
considerable  force.  This  may  be  done  independently  pf  the  act  of  respiration,  which  is 
necessarily  arrested  only  during  deglutition;  for  the  mere  act  of  suction  has  never  any 
thing  to  do  with  the  condition  of  the  thoracic  walls.  The  mechanism  of  drinking  from 
a  vessel  is  essentially  the  same.  The  vessel  is  inclined  so  that  the  lips  are  kept  covered 
with  the  liquid  and  are  closed  around  the  edge.  By  a  gentle,  sucking  action  the  liquid  is 
then  introduced.  This  is  the  ordinary  mechanism  of  drjnking;  but  sometimes  the  head 
is  thrown  back  and  the  liquid  is  poured  into  the  mouth,  as  in  "  tossing  oQ""  the  contents 
of  a  small  vessel  as  a  wine-glass. 

Mastication. 

In  the  human  subject,  mechanical  division  of  food  in  the  mouth  is  neither  so  com- 
pletely and  laboriously  effected  as  in  the  herbivora,  particularly  the  ruminants,  nor  is  the 
process  so  rapid  and  imperfect  as  in  the  carnivora.  In  order  that  digestion  may  take 
place  in  a  perfectly  natural  manner,  it  is  necessary  that  the  food,  as  it  is  received  into 
the  stomach,  should  be  so  far  comminuted  and  incoi'porated  with  the  fluids  of  the  mouth 
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as  to  be  readily  acted  upon  by  the  gastric  juice ;  otherwise  stomach-digestion  is  pro- 
longed and  difficult.  Non-observance  of  this  physiological  law  is  a  frequent  cause  of 
what  is  generally  called  dyspepsia.  In  animals  that  do  not  masticate,  as  in  some  which 
live  exclusively  on  flesh,  the  process  of  stomach-digestion  is  much  more  prolonged  than  in 
the  human  subject,  even  when  the  diet  is  the  same ;  and  it  is  found  that  while  man  must, 
as  a  rule,  take  food  two  or  three  times  in  the  day,  the  carnivorous  animals  are  generally 
best  nourished  when  food,  in  proper  quantity,  is  taken  but  once  in  the  twenty-four  hours. 
In  the  carnivora,  the  proportionate  quantity  of  food  is  greater  than  in  man,  and  diges- 
tion is  much  more  prolonged. 

The  comparative  anatomy  of  the  organs  of  mastication  makes  it  evident  that  the 
human  race  is  designed  to  live  on  a  mixed  diet ;  but  experience  has  shown  that  man  can 
be  nourished  for  an  indefinite  period  on  a  diet  composed  exclusively  of  either  animal 
or  vegetable  principles. 

Physiological  Anatomy  of  the  Organs  of  Mastication.— h\.  the  adult,  each  jaw  is  pro- 
vided with  sixteen  teeth,  all  of  which  are  about  equally  well  developed.  The  canines, 
so  largely  developed  in  the  carnivora  but  which  are  rudimentary  in  the  herbivora,  and 


Fig.  AS.— Permanent  teeth.    (Lc  Bon.) 
The  external  portions  of  the  ma.Killary  bones  have  been  removed  to  show  the  roots  of  the  teeth, 

the  incisors  and  molars,  so  perfectly  developed  in  the  herbivora,  are,  in  man,  of  nearly 
the  same  length.  Each  tooth  presents  for  anatomical  description  a  crown  a  neck,  and 
a  root,  or  fang.  The  crown  is  that  portion  which  is  entirely  uncovered  by  the  gums  ; 
the  root  is  that  portion  embedded  in  the  alveolar  cavities  of  the  masdlary  bones;  and 
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the  neck  is  the  portion,  sometimes  slightly  constricted,  situated  between  the  crown  and 
the  root,  covered  by  the  edge  of  the  gum.  Thin  sections  of  the  teeth  show  that  they 
are  composed  of  several  distinct  structures.  v.-  ,   •    i  *i 

Enamel  of  the  Teetli.-Th%  crown  is  covered  by  the  enamel,  which  is  by  tar  the 
hardest  structure  in  the  economy.  Tliis  is  white  and  glistening  and  is  thickest  on  the 
lower  portion  of  the  tooth,  especially  over  the  surfaces  which,  from  being  opposed  to 
each  other  on  either  jaw,  are  most  exposed  to  wear.  It  here  exists  m  several  concentric 
Lyers  The  incrustation  of  enamel  becomes  gradually  thinner  toward  the  neck,  where 
it  ceases.  Microscopical  examination  shows  that  the  enamel  is  made  up  of  pentagonal  or 
hexagonal  rods,  one  end  resting  upon  the  subjacent  structure,  and  the  other,  when  there 
exists  bat  a  single  layer  of  enamel,  terminating  just  beneath  the  cuticle  of  the  teeth. 
The  hardness  of  the  enamel  varies  in  different  persons.  In  some  it  is  so  soft  that  m  mid- 
dle life  it  becomes  worn  away  from  the  opposing  surfaces,  and  occasionally  the  teeth  are 
worn  down  almost  to  the  gmns ;  whUe  in  others  the  enamel  remains  over  the  crown  ot 
the  tooth  even  in  old  age. 

The  exposed  surfaces  of  the  teeth  are  still  farther  protected  by  a  membrane,  from 
1^  to  of  an  inch  in  thickness,  closely  adherent  to  the  enamel,  called  the  cuticle 

^TSe  enamel.  This  delicate  membrane  may  be  demonstrated  in  thin  sections  ot  young 
teeth  by  the  addition,  under  the  microscope,  of  weak  hydrochloric  acid.  The  acid  at- 
tacks the  enamel,  producing  little  bubbles  of  gas  which  press  out  the  membrane  from 
the  edge  of  the  preparation  and  thus  render  it  apparent.  The  cuticle  presents  a  strong 
resistance  to  reagents  and  is  undoubtedly  very  useful  in  protecting  the  teeth  from  the 
action  of  acids  which  may  find  their  way  into  the  mouth. 

Dentine.— The,  largest  portion  of  the  teeth  is  composed  of  a  pecuUar  structure  called 
dentine,  or  ivory.    In  many  respects,  particularly  in  its  composition,  this  resembles 
bone ;  but  it  is  much  harder,  and  does  not  possess  the  lacunae  and  canaliculi  which  are 
characteristic  of  the  true  osseous  structure.    The  dentine  bounds  and  encloses  the  cen- 
tral cavity  of  the  tooth,  extending  in  the  crown  to  the  enamel  and  in  the  root,  to  the 
cement.    It  is  formed  of  a  homogeneous  fundamental  substance,  which  is  penetrated 
by  an  immense  number  of  canals  radiatmg  from  the  pulp-cavity  toward  the  exterior. 
These  are  called  the  dentinal  tubules  or  canals.    They  are  from  ^s^oo  to  "isooo  of  an 
inch  in  diameter,  with  walls  of  a  thickness  a  Uttle  less  than  their  caliber.    Their  course 
is  slightly  wavy  or  spiral.    Commencing  at  the  pulp-cavity,  into  which  these  canals  open 
by  innumerable  little  orifices,  they  are  found  to  branch  and  occasionally  anastomose, 
their  communications  and  branches  becoming  more  numerous  as  they  approach  the  ex- 
ternal surface  of  the  tooth.    The  canals  of  largest  diameter  are  found  next  the  pulp-cav- 
ity, and  they  become  smaller  as  they  branch.    The  structure  which  forms  the  walls  of 
these  tubules  is  somewhat  denser  than  the  intermediate  portion,  which  is  sometimes 
called  the  inter-tubular  substance  of  the  dentine  ;  but,  in  some  portions  of  the  tooth,  the 
tubules  are  so  numerous  that  their  walls  touch  each  other,  and  there  is,  therefore,  no 
inter-tubular  substance.    Near  their  origin  and  near  the  peripheral  terminations  of  the 
dentinal  tubules,  are  sometimes  found  solid  globular  masses  of  dentine,  called  dentine- 
globules,  which  irregularly  bound  triangular  or  stellate  cavities  of  very  variable  size. 
These  cavities  have  been  considered  as  lacunae,  like  the  lacunae  of  true  bone  ;  but  this 
view  is  not  held  by  the  best  and  most  recent  observers.    Sometimes  these  cavities  are 
very  numerous  and  form  regular  zones  near  the  peripheral  termination  of  the  tubules. 
The  dentine  is  sometimes  marked  by  concentric  lines,  indicating  a  lamellated  arrange- 
ment.   In  the  natural  condition,  the  dentinal  tubules  are  filled  with  a  clear  liquid,  which 
penetrates  from  the  vascular  structures  in  the  pulp-cavity. 

C«mcw«.— Covering  the  dentine  of  the  root,  is  a  thin  layer  of  true  bony  structure, 
called  the  cement,  or  crusta  petrosa.  This  is  thickest  at  the  summit  and  the  deeper  por- 
tions of  the  root,  where  it  is  sometimes  lamellated,  and  it  becomes  thinner  near  the  nock. 
It  finally  becomes  continuous  with  the  enamel  of  the  crown,  so  that  the  dentine  is  every- 
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where  completely  covered.  The  cement  contains  true  bone-lacunm  and  canaliculi,  and,  in 
very  old  teeth,  a  few  Haversian  canals,  except  near  the  neck,  where  the  layer  is  very  thin. 
It  is  closely  adherent  to  the  dentine  and  to  the  periosteum  lining  the  alveolar  cavities. 

Pulp- Cavity. —In  the  interior  of  each  tooth,  extending  from  the  apex  of  the  root  or 
roots  into  the  crown,  is  the  pulp-cavity,  which  contains  a  collection  of  minute  blood- 
vessels and  nervous  filaments,  held  together  by  longitudinal  fibres  of  white  fibrous  tis- 
sue. This  is  the  only  portion  of  the  tooth  endowed  with  sensibility.  Its  blood-vessels 
and  nerves  penetrate  by  a  little  orifice  at  the  extremity  of  the  root. 

The  dentine  and  enamel  of  the  teeth  must  be  regarded  as  perfected  structures ;  for, 
when  the  second  or  permanent  teeth  are  lost,  they  are  never  reproduced,  and  when  these 
parts  are  invaded  by  wear  or  by  decay,  they  are  incapable  of  regeneration.    The  integrity 

of  the  pulp,  even,  is  not  necessary  to  the 
stability  of  the  teeth ;  for  examples  are 
numerous  in  which  the  pulp  loses  its 
vitality  from  various  causes,  and  yet  the 
tooth  remains  and  is  as  serviceable  as 
ever,  being  only  discolored  by  the  decom- 
position of  the  structures  in  the  pulp- 
cavity,  which  can  neither  escape  nor 
become  absorbed. 

The  descriptive  anatomy  of  the  teeth 
in  the  human  subject  shows  how  well 
calculated  they  are  to  perform  their  va- 
ried functions,  and  how  admirably  they 
are  adapted  to  a  diet  composed  of  articles 
derived  from  both  the  animal  and  the 
vegetable  kingdom.  The  thirty-two  per- 
manent teeth  are  divided  as  follows  : 

1.  Eight  incisors,  four  in  each  jaw, 
called  the  central  and  lateral  incisors. 

2.  Four  canines,  or  cuspidati,  two  in 
each  jaw,  just  back  of  the  incisors.  The 
iipper  canines  are  sometimes  called  the 
eye-teetli,  and  the  lower  canines,  the 
stomach-teeth. 

3.  Eight  bicuspid— the  small,  or  false 
molars— just  back  of  the  canines ;  four 
in  each  jaw. 

4.  Twelve  molars,  or  multicuspid, 
situated  just  back  of  the  bicuspid;  six 
in  each  jaw. 

The  incisors  are  wedge-shaped,  flat- 
tened antero-posteriorly,  and  bevelled 
at  the  expense  of  the  posterior  face,  giv- 
ing them  a  sharp,  cutting  edge,  which  is 
sometimes  perfectly  straight  but  is  gen- 
erally more  or  less  rounded.  The  upper 
incisors  are  generally  larger  and  strong- 


Fio.  49.—  Tooffi.  of  the  cat,  in  Htu.   (W aldeyer.) 
1, enamel;  2,  dentine;  3,  cement;  4,  periosteum  of  tbe  alveo- 
lar cavity ;  5,  lower  jaw ;  6,  pulp-cavity. 


er  than  the  lower.  In  the  upper  jaw  the  central  incisors  are  larger  than  the  lateral , 
while  in  the  lower  jaw  the  lateral  incisors  are  larger  than  the  central.  Each  of  the  mcisors 
has  but  a  single  root.  The  special  function  of  the  incisor  teeth  is  to  divide  the  food  as  it 
is  taken  into  the  mouth.  The  permanent  incisors  make  their  appearance  from  the  sev- 
enth to  the  eighth  year. 
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The  canines  are  more  conical  and  pointed  than  the  incisors  and  have  longer  and 
larger  roots,  especially  those  in  the  upper  jaw.  Their  roots  are  single.  They  are  used 
to  some  extent,  in  connection  with  the  incisors,  in  dividing  the  food ;  but  they  have  no 
prominent  function  in  tearing  the  food,  as  in  the  carnivora,  in  which  they  are  extraor- 
dinarily developed.  The  permanent  canines  make  their  appearance  from  the  eleventh 
to  the  twelfth  year. 

The  bicuspid  teeth  are  shorter  and  thicker  than  the  canines.  Their  opposed  surfaces 
are  rather  broad  and  are  marked  by  two  eminences.  The  upper  bicuspids  are  somewhat 
larger  than  the  lower.  The  roots  are  single,  but  in  the  upper  jaw  they  are  slightly  bifur- 
cated at  their  extremities.  They  are  used,  with  the  true  molars,  in  triturating  the  food. 
The  permanent  bicuspids  make  their  appearance  from  the  ninth  to  the  tenth  year. 

The  molar  teeth,  called  respectively— counting  from  before  backward — the  first,  sec- 
ond, and  tliird  molars,  are  the  largest  of  all  and  are,  par  excellence,  the  teeth  used  in 
mastication.  Their  form  is  that  of  a  cube,  rounded  laterally  and  provided  with  four  or 
five  eminences  on  their  opposed  surfaces.  The  first  molars  are  the  largest.  They  have 
generally  three  roots  in  the  upper  jaw  and  two  in  the  lower,  although  they  sometimes 
have-  four  or  even  five  roots.  The  second  molars  are  but  little  smaller  than  the  first 
and  resemble  them  in  neai-ly  every  particular.  The  third  molars,  called  frequently  the 
wisdom-teeth,  are  much  smaller  than  the  others  and  are  by  no  means  so  useful  in  masti- 
cation. In  the  upper  jaw  the  root  is  grooved  or  imperfectly  divided  into  three  branches ; 
but  in  the  lower  jaw  it  generally  has  two  distinct  branches.  The  first  molars  are  the 
first  of  the  permanent  teeth,  making  their  appearance  between  the  sixth  and  the  seventh 
year.  The  second  molars  appear  from  the  twelfth  to  the  thirteenth  year  ;  and  the  third 
molars,  from  the  seventeenth  to  the  twenty-first  year,  and  sometimes  even  much  later. 
In  some  instances  the  third  molars  are  never  developed. 

The  upper  jaw  has  ordinarily  a  somewhat  longer  and  broader  arch  than  the  lower ; 
so  that  when  the  mouth  is  closed  the  teeth  are  not  brought  into  exact  apposition,  but  the 
upper  teeth  overlap  the  lower  teeth  both  in  front  and  laterally.  The  lower  teeth  are  aU 
somewhat  smaller  than  the  corresponding  teeth 
in  the  upper  jaw  and  generally  make  their  ap- 
pearance a  little  earlier. 

The  physiological  anatomy  of  the  maxillary 
bones  and  of  the  temporo-maxillary  articulation 
necessarily  precedes  the  study  of  the  muscles  of 
mastication  and  the  mechanism  of  their  action. 

The  superior  maxillary  bones  are  immovably 
articulated  with  the  other  bones  of  the  head  and 
do  not  usually  take  any  active  part  in  mastica- 
tion ;  but  their  inferior  borders,  with  the  upper 
teeth  embedded  in  the  alveolar  cavities,  present 
fixed  surfaces  against  which  the  food  is  pressed 
by  the  action  of  the  muscles  which  move  tlie  lower 
jaw. 

The  inferior  maxilla  is  a  single  bone.  Its 
body  is  horizontal,  of  a  horseshoe  sliape,  and,  in 
the  alveolar  cavities  in  its  superior  border,  are 
embedded  the  lower  teeth.  Below  the  teeth, 
both  externally  and  internally,  are  surfaces  for  the  attachments  of  the  muscles  concerned 
in  the  various  movements  of  the  jaw,  and  for  one  of  the  muscles  of  the  tongue. 

■  Behind  the  body  of  the  inferior  maxiUa,  on  either  side,  is  a  vertical  portion  called  the 
ramus.  In  the  adult,  this  forms  nearly  a  right  angle  with  the  body,  making  what  is  called 
the  angle  of  the  jaw.  Superiorly,  the  ramus  terminates  in  two  processes,  separated  by  a 
deep  groove  called  the  sigmoid  notch.    The  posterior  process  is  the  condyle,  or  condyloid 


Fig.  50.— Inferior  maxilla.  (Sappey.) 
3,  body;  2,  ramus;  3,  sympliysis ;  4,  incisive 
fossa ;  5,  mental  foramen ;  6,  attachment  of 
the  digastric  musolo ,  7,  depression  at  the 
site  of  the  facial  artery ;  8,  angle;  0,  attach- 
ment of  the  suiierior  constrictor  of  the 
pharynx;  10,  coronoid  process;  11,  condyle; 
Ai^  sigmoid  notch ;  13,  opening  of  the  inferior 
dental  canal ;  14,  groove  for  the  mylo-hyoid 
muscle;  15,  alveolar  border;  i,  incisor  teeth ; 
c,  canine  teeth ;  b,  bicuspid  teeth ;  m,  moliu-s. 
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process,  the  anatomy  of  which  will  be  considered  farther  on  in  treating  of  the  tomporo- 
maxillary  articulation.  The  anterior  process,  called  the  coronoid  process,  is  for  the  at- 
tachment of  the  temporal  muscle,  one  of  the  most  powerful  of  the  nmscles  of  mastication. 
The  greater  portion  of  the  external  surface  of  the  ramus,  extending  down  to  the  angle,  is 
for  the  attachment  of  the  masseter  muscle.  The  internal  surface  of  the  ramus  gives  at- 
tachment to  several  muscles;  viz.,  the  external  pterygoid,  attached  to  the  neck  just  be- 
low the  condyle,  the  temporal,  the  attachment  to  the  coronoid  process  hemg  much 
more  extensive  on  the  internal  than  on  the  external  surface,  and  the  internal  pterygoid, 
which  has  its  attachment  at  the  angle. 

Temporo-Maxillary  Articulation.— various  classes  of  mammalia  present  great 
differences  in  the  temporo-maxillary  articulation,  differences  which  indicate,  to  a  great 
extent  their  natural  diet.  In  the  carnivora,  the  long  diameter  of  the  condyle  is  trans- 
verse and  it  is  so  firmly  embedded  in  the  deep  glenoid  cavity  of  the  temporal  bone  as 
to  admit  of  extended  movements  in  but  one  direction.  In  these  animals,  lateral  and 
antero-posterior  sliding  movements  of  the  jaw  are  impossible,  and  there  is  very  httle 
mastication  of  the  food.  In  the  rodentia,  the  long  diameter  of  the  condyle  is  antero- 
posterior, the  peculiar  gnawing  movements  in  these  animals  requiring  a  considerable 
sliding  movement  of  the  lower  jaw  m  this  direction.  In  the  herbivora,  particularly  the 
ruminants,  the  condyle  is  small  and  slightly  concave  instead  of  convex  as  in  most  other 
animals.  It  moves  on  a  large  projecting  surface  on  the  temporal  bone,  and  the  entu-e 
iaw  is  capable  of  remarkably  extensive  lateral  movements.  ,      ,  „ 

In  man,  the  articulation  of  the  lower  jaw  with  the  temporal  bone  is  sue  i  as  to  allow, 
to  a  considerable  extent,  of  an  antero-posterior  sliding  movement  and  a  lateral  move- 
ment in  addition  to  the  ordinary  movements  of  elevation  and  depression  The  condy- 
loid m-ocess  is  convex,  with  an  ovoid  surface,  the  general  direction  of  its  long  diameter 
heing  transverse  and  slightly  oblique  from  without  inward  and  from  before  backward 
This  process  is  received  into  a  cavity  of  corresponding  shape  in  the  temporal  bone,  caUed 
the  glenoid  fossa,  which  is  bounded,  anteriorly,  by  a  rounded  eminence  (emmentia  articu- 
laris),  the  uses  of  which  will  be  more  fully  described  in  connection  with  the  movements 

sXIen  the  condyle  of  the  lower  jaw  and  the  glenoid  fossa,  is  an  oblong  inter-ar- 
ticular disk  of  fibro-cartilage.    This  disk  is  thicker  at  the  edges  than  m  the  centre     It  ,s 
pUable  and  so  situated  that  when  the  lower  jaw  is  projected  forward  makmg  the  lo.e 
eeth  project  beyond  the  upper,  it  is  applied  to  the  convex  surface  of  the  emmentia  a^^- 
ticularis  and  presents  a  concave  surface  for  articulation  with  the  ^^J^-  J^^^^f 
uses  of  this  cartilage  is  to  constantly  present  a  proper  articulating  surface  upon  the  artic 
1    m^nence  and'thus  admit  of  the  antero-posterior  shding  movement  of  be  lower  jaw^ 
It  is  also  important  in  the  lateral  movements  of  the  jaw,  in  which  one  of  the  condyles 
remains  ii  the  glenoid  cavity  and  the  other  is  projected,  so  that  the  bone  undergoes  a 
slight  rotation. 

Musdes  ofMastication.-To  the  lower  jaw  are  attached  certain  muscles,  by  ^'^ch  it  is 
depfeld  rid  others  by  which  it  is  elevated,  projected  forward  and  drawn  hack^^ard 
arrve'd  iom  side  to  side.  The  following  are  the  principal  muscles  concerned  in  the 
production  of  these  varied  movements: 

Muscles  of  Mastication. 
Muscles  which  depress  the  lower  jaw. 

AttaalmenU. 

^.     ,  .  Mastoid  process  of  the  temporal  bone -Lower 

^'8'^"'"'= border  of  the  inferior  maxilla  near  the  sym- 
physis, with  its  central  tendon  held  to  the  side 
of  the  body  of  the  hyoid  bone. 
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Attachments, 

Body  of  the  hyoid  bone — Mylo-liyoid  ridge  on  tlie 

internal  surface  of  the  inferior  maxiUa. 
Body  of  the  hyoid  bone — Inferior  genial  tubercle 
on  the  inner  surface  of  the  inferior  maxilla  near 
the  symphysis. 
Clavicle,  acromion,  and  fascia — Anterior  half  of 
the  body  of  the  inferior  maxilla  near  the  in- 
ferior border. 

Mmdes  which  elevate  the  loioerjaw  and  move  it  latei-ally  and  antero-posteriorly. 

Temporal  Temporal  fossa — Coronoid  process  of  the  inferior 

maxilla. 

Masseter  Malar  process  of  the  superior  maxilla,  lower  border 

and  internal  surface  of  the  zygomatic  arch — 
Surface  of  the  ramus  of  the  inferior  maxilla. 

Internal  pterygoid  Pterygoid  fossa — Inner  side  of  the  ramus  and  angle 

of  the  inferior  maxilla. 

External  pterygoid  Pterygoid  ridge  of  the  sphenoid,  the  surface  be- 
tween it  and  the  pterygoid  process,  external 
pterygoid  plate,  and  the  tuberosity  of  the  palate 
and  the  superior  maxillary  bone — Inner  surface 
of  the  neck  of  the  condyle  of  the  inferior 
maxilla  and  the  inter-articular  fibro-cartilage. 

Action  of  the  Muscles  which  depress  the  Lower  /aic— The  most  important  of  these 
muscles  have  for  their  fixed  point  of  action  the  hyoid  bone,  which,  under  these  circum- 
stances, is  fixed  by  the  muscles  which  extend  from  it  to  the  upper  part  of  the  chest. 
The  central  tendon  of  the  digastric,  as  it  perforates  the  stylo-hyoid,  is  connected  with  the 
hyoid  bone  by  a  loop  of  fibrous  tissue ;  and,  acting  from  this  bone  as  the  fixed  point,  the 
anterior  belly  must  of  necessity  tend  to  depress  the  jaw.  The  attachments  of  the  mylo- 
hyoid and  the  genio-hyoid  render  their  action  in  depressing  the  jaw  sufilciently  evident, 
which  is  also  the  case  with  the  platysma  myoides,  acting  from  its  attachments  to  the 
upper  part  of  the  thorax. 

It  has  been  a  disputed  question  whether  the  upper  jaw  does  or  does  not  participate 
in  the  act  of  opening  the  mouth.  That  depression  of  the  lower  jaw  is  the  main  action 
in  ordinary  mastication  is  sufiiciently  evident ;  but  it  is  possible,  by  fixing  the  lower  jaw, 
to  perform'the  acts  of  mastication — laboriously  and  imperfectly  it  is  true — by  movements 
of  the  upper  jaw.  In  ordinary  mastication,  however,  the  upper  jaw  undergoes  a  slight 
movement  of  elevation  in  opening  the  mouth ;  and  this  becomes  somewhat  exaggerated 
when  the  mouth  is  opened  to  the  fullest  possible  extent. 

Action  of  the  Muscles  which  elevate  the  Lower  Jaw  and  move  it  laterally  and  antero- 
posteriorly. — The  temporal,  masseter,  and  internal  pterygoid  muscles  are  chiefly  con- 
cerned in  the  simple  act  of  closing  the  jaws.  As  this  is  almost  the  only  movement  of 
mastication  in  many  of  the  carnivora,  in  this  class  of  animals  these  muscles  are  most 
largely  developed.  Their  anatomy  alone  gives  a  sufiiciently  clear  idea  of  their  mode  of 
action  ;  and  their  immense  power,  even  in  the  human  subject,  is  explained  by  the  number 
of  their  fibres,  by  the  attachments  of  many  of  these  fibres  to  the  strong  aponeuroses  by 
which  they  are  covered,  and  the  fact  that  the  distance  from  their  origin  to  their  insertion 
is  very  short. 

The  attachments  of  the  internal  and  external  pterygoids  are  such  that,  by  their  alter- 
nate action  on  either  side,  the  jaw  may  be  moved  laterally,  as  tlieir  points  of  origin  are 
situated  in  front  of  and  internal  to  the  temporo-maxillary  articulation.  The  articulation 
of  the  lower  jaw  is  of  such  a  nature  that,  in  its  lateral  movements,  the  condyles  tliemselves 
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cannot  bo  sufficiently  displaced  from  side  to  side,  but,  with  the  condyle  on  one  side  fixed 
or  moved  slightly  backward,  the  other  may  be  brought  forward  against  the  articular 
eminence,  producing  a  movement  of  rotation.  The  pterygoid  muscles  are  largely  de- 
veloped in  the  herbivora,  in  which  the  lateral  movements  of  mastication  are  so  important. 

The  above  explanation  of  the  lateral  movements  of  the  jaw  presupposes  the  possi- 
bility of  movements  in  an  antero-posterior  direction.  Movements  in  a  forward  direction, 
so  as  to  make  the  lower  teeth  project  beyond  the  upper,  are  effected  by  the  pterygoids, 
the  oblique  fibres  of  the  masseter,  and  the  anterior  fibres  of  the  temporal.  By  tlie 
combined  action  of  the  posterior  fibres  of  the  temporal,  the  digastric,  mylo-hyoid,  and 
genio-hyoid,  the  jaw  is  brought  back  to  its  position.  By  the  same  action  it  may  also  be 
drawn  back  slightly  from  its  normal  position  while  at  rest. 

Action  of  the  Tongue,  Lips,  and  Cheeks,  in  jlfosticaiion.— Experiments  ou  living 
animals  and  phenomena  observed  in  oases  of  lesions  of  the  nervous  system  in  the  human 
subject  have  fully  demonstrated  the  importance  of  the  tongue  and  cheeks  in  mastication. 
The  following  observations  of  Panizza  on  the  efiects  of  section  of  both  hypoglossal 
nerves  in  dogs  show  the  importance  of  the  tongue,  both  in  mastication  and  deglutition: 
"  After  the  section  of  the  hypoglossal  the  movements  of  the  tongue  cease  immediately, 
but  the  general  sensibility  of  that  organ  and  the  taste  was  not  less  marked.  Indeed,  if 
milk,  or  bread  moistened  in  the  liquid,  were  presented  to  the  dog,  he  made  mefi-ectual 
efforts  to  lap  and  to  masticate,  moving  the  head  and  the  lower  jaw ;  the  tongue,  when 
displaced,  remaining  in  the  same  position,  and  even  when  a  bolus  of  meat  or  bread  was 
put  on  its  anterior  surface,  it  was  found  for  a  long  time  after  in  the  same  place,  which 
proves  that  section  of  the  hypoglossals  destroys  not  only  the  movements  necessary  to 
mastication,  but  also  those  of  deglutition."  We  have  lately  had  occasion  to  verify  most 
of  these  observations  in  a  dog  in  which  both  sublingual  nerves  were  divided.  The  experi- 
ment however,  was  made  chiefly  with  reference  to  the  action  of  the  tongue  in  degliitition. 

Section  of  the  facial  nerves  is  now  a  common  physiological  experiment  Opera- 
tions of  this  kind  and  cases  of  facial  palsy,  which  are  not  uncommon  m  the  human 
subiect,  show  that  when  the  cheek  is  paralyzed  the  food  accumulates  between  it  and  the 
tee  h,  producing  great  inconvenience.  In  animals,  like  the  herbivora  which  use  the  lips 
and  tongue  extensively  in  the  prehension  of  food,  division  of  the  facial  and  hypoglossal 
nerves  interferes  materially  with  this  function. 

The  tongue  is  a  muscular  organ  which,  by  virtue  of  the  complex  arrangement  of  its 
fibres,  is  capable  of  a  great  variety  of  important  movements  By  the  action  ofjl^at  a  e 
called  the  extrinsic  muscles  of  the  tongue,  the  organ  is  moved  m  various  dn-ection  ,  wh  le 
he  intrinsic  muscles  are  capable  at  the  same  time  of  producing  many  changes  in  its  form 
For  example,  by  the  action  of  those  fibres  of  the  genio-hyo-glossal  muscles  which  are 
attached  to  tie  chin  and  the  posterior  part  of  the  tongue,  the  whole  organ  is  cam  d  foi- 
wl  d  and  m  y  be  protruded  to  a  considerable  extent.  At  the  same  time  the  whole  eng«i 
Tfte  muscle's  may  act  upon  the  middle  hue  of  the  tongue,  to  .^ich  t^ey  are  a  t^^^^^^^^^^ 
and  depress  the  centre  so  as  to  render  it  concave  from  side 

fibres  of  the  tongue  may  act  so  as  to  make  it  longer  and  narrower.  The  tongue  i.  diawn 
fnto  the  mouth  by  tbe  action  of  the  anterior  fibres  of  the  genio-hyo-glossus  on  either  side, 

numerous  movements  which  take  place  in  connection  with  phonation,  suction, 
''°"r^tSr;i:reomplicated  movements  of  the  tcgue  during  mastication  are  not 
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easily  described.  After  solid  food  is  taken  into  the  mouth,  the  tongue  prevents  its  escape 
from  between  the  teeth,  and,  by  its  constant  movements,  rolls  the  alimentary  bolus  over 
and  over  and  passes  it  at  times  from  one  side  to  the  other,  so  that  the  food  may  undergo 
thorough  trituration.  Aside  from  the  functions  of  the  tongue  as  an  organ  of  taste,  its  sur- 
face is  endowed  with  peculiar  sensibility  as  regards  the  consistence,  size,  and  form  of  dif- 
ferent articles ;  and  this  property  is  undoubtedly  important  in  determining  when  mastica- 
tion is  completed,  although  the  thoroughness  with  which  mastication  is  accomplished  is 
very  much  influenced  by  habit. 

Tonic  contraction  of  the  orbicularis  oris  is  necessary  to  keep  the  fluids  withm  the  mouth 
during  repose ;  and  this  muscle  is  sometimes  brought  into  action  when  the  mouth  is  very 
full,  to  assist  in  keeping  the  food  between  the  teeth.  This  latter  function,  however,  is 
mainly  performed  by  the  buccinator;  the  action  of  which  is  to  press  the  food  between 
the  teeth  and  keep  it  in  place  during  mastication,  assisting,  from  time  to  time,  in  turning 
the  alimentary  bolus  so  as  to  subject  new  portions  to  trituration. 

The  process  of  mastication  is  regulated  to  a  very  great  extent  by  the  exquisite  sensi- 
bility of  the  teeth  to  the  impressions  of  hard  and  soft  substances.  It  is  only  necessary 
to  caU  attention  to  the  ease  and  certainty  with  which  we  recognize  the  presence  and  the 
consistence  of  the  smallest  substance  between  the  teeth,  in  order  to  appreciate  the 
advantages  of  this  tactile  sense  in  mastication.  It  is  in  this  way,  mainly,  that  we  be- 
come aware  that  the  process  of  mastication  is  completed  ;  and  it  is  this  sense  which  ad- 
monishes us  instantly  of  the  presence  of  bodies  too  hard  for  mastication,  which,  if  allowed 
to  remain  in  the  mouth,  might  seriously  injure  the  teeth. 

One  of  the  most  important  of  the  digestive  processes  which  take  place  in  the  mouth 
is  the  incorporation  of  the  saliva  with  the  food,  or  insalivation.  IsTot  only  has  the  saliva 
a  mechanical  function,  assisting  to  reduce  the  food  to  the  proper  form  and  consistence  to 
be  easily  swallowed,  but  it  seems  to  be 

necessary  to  the  proper  performance  of  %  ^>?3-. 

the  subsequent  processes  of  digestion 
and  is  concerned  to  a  certain  extent  in 
the  transformation  of  starch  into  sugar. 
That  the  saliva  is  necessary  to  digestion 
is  proven  by  the  grave  effects  upon  the 
general  function  of  nutrition  which  fol- 
low its  loss  in  any  considerable  quan- 
tity. This  occasionally  occurs  from  the 
habit  of  excessive  spitting  or  as  the  re- 
sult of  salivary  fistula.  It  becomes  im- 
portant, therefore,  to  study  the  physical 
and  chemical  properties  of  the  saliva, 
the  sources  from  which  it  is  derived, 
and  its  mechanical  and  chemical  func- 
tions in  digestion. 

Saliva. 

The  fluid  which  is  mixed  with  the 
food  in  mastication,  which  moistens  the 
mucous  membrane  of  the  mouth,  and 
which  may  be  collected  at  any  time  in 
small  quantity  by  the  simple  act  of  spu- 
tation,  is  composed  of  the  secretions  of 
a  considerable  number  and  variety  of 
glands.  The  most  important  of  these  are  the  parotid,  submaxillary,  and  sublingual, 
which  are  usually  called  the  salivary  glands.    In  addition,  we  have  the  labial  and  buccal 


Fio.  51. — Salivary  glands.  {La  J5on.) 
1,  2,  paroUd;  3,  duct  of  Steno;  4,  gubmaaiUary ;  ."i,  miUhi- 
gual;  G,  mylo-liyoid  tnuBclo;  7,  ling-ual  branch  of  the  fifth 
nerve ;  8,  duct  of  Wharion ;  9,  digastric  muscle ;  10, 
sterno-mastoid  muscle ;  11,  extornal  .jugular  vein ;  12,  facial 
vein;  13,  temporal  vein;  14,  15,  internal  jngularvoin;  IG, 
branch  of  the  cervical  plexus  ;  17,  sublingual  uervo. 
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glands,  the  follicular  glands  of  the  tongue  and  general  mucous  surface,  and  certain 
glandular  structures  in  the  mucous  membrane  of  the  pliarynx.  Tlie  liquid  wliicli  be- 
comes more  or  less  incorporated  witli  the  food  before  it  descends  to  the  stomach,  and 
which  must  be  considered  as  the  digestive  fluid  of  the  mouth,  is  known  as  the  mixed 
saliva;  but  the  study  of  the  composition  and  properties  of  this  fluid  as  a  whole  should  be 
prefaced  by  a  consideration  of  the  different  secretions  of  which  it  is  composed. 

The  salivary  glands  belong  to  the  variety  of  glands  called  racemose.  They  closely 
resemble  the  other  glands  belonging  to  this  class,  and  their  structure  will  be  considered 
more  particularly  under  the  head  of  secretion. 

Parotid  Saliva.— The  parotid  is  the  largest  of  the  three  salivary  glands.  It  is  sit- 
uated below  and  in  front  of  the  ear  and  opens  by  the  duct  of  Steno  into  the  mouth,  at 
about  the  middle  of  the  cheek.  The  papilla  which  marks  the  orifice  of  the  duct  is 
situated  opposite  the  second  large  molar  tooth  of  the  upper  jaw. 

Numerous  opportunities  have  presented  themselves,  in  cases  of  salivary  fistula,  for  the 
study  of  the  properties  of  the  pure  parotid  saliva  in  the  human  subject ;  and  the  situation 
of  the  duct  of  Steno,  in  the  herbivora  especially,  is  such  that  this  fluid  can  easily  be  ob- 
tained by  operations  on  the  inferior  animals.  Prof.  J.  C.  Dalton  has  obtained  the  pure 
parotid  saliva  from  the  human  subject  by  simply  introducing  a  silver  tube,  of  from 
to  A  of  an  inch  in  diameter,  into  the  duct  by  its  opening  into  the  mouth. 

The  following  facts  with  regard  to  tlie  properties  of  the  parotid  saliva  observed  by 
Dalton  are  given  in  his  own  words,  in  a  communication  kindly  made  in  answer  to  certam 

"On 'the  28tb  of  July,  1863,1  obtained,  from  a  strong,  healthy  man,  about  two 
drachms  of  the  mixed  saliva  of  the  mouth,  by  causing  him  to  hold  in  his  mouth  for  a 
short  time  a  clean  glass  stopper,  and  collecting  the  secretion  as  it  was  discharged. 

"  One  hour  afterward  I  obtained,  from  the  same  man,  four  drachms  of  pure  parotid 
saliva,  by  introducing  a  long  silver  canula  into  the  natural  orifice  of  bteno  s  duct,  on  the 
Lft  sike,  and  collecting  the  saliva  as  it  flowed  from  the  outer  extremity  of  the  canula. 

"The  two  kinds  of  saliva  compared  as  follows: 

"Both  were  distinctly  alkaline  in  reaction;  the  parotid  saliva  ^^^^ 

"The  parotid  saliva  was  rather  clear  and  watery  in  appearance ;  the  saliva  oi^^^^outh 
was  quite  opaline,  with  admixture  of  buccal  epithelium,  but  became  clear  on  filtration. 

"  The  parotid'saliva  was  rendered  turbid  by  the  action  of  heat,  and  by  the  addition  of 
nitric  ac!d!  as  well  as  sulphate  of  soda  in  excess ;  but  not  by  sulphate  of  magnesia,  noi  by 
fprro-cvanide  of  potassium  with  acetic  acid. 

"S  saliva  of  the  mouth,  filtered  clear,  became  turbid  by  heat  and  by  mtric  acid, 
but  sooted  no  precipitate  by 'either  sulphate  of  soda  or  sulphate  o  -^---^oulke 
There  was  also  a  slight  precipitate  on  the  addition  of  pure  acetic  acid,  which  did  not  take 

"'""'^^^^JSt^L^.i  no  traces  of  sulpho-cyanogen  on  the  addition  of  the  per- 
the  t™atuie  of  100°  Fahr.,  sugar  was  present  in  both  specimens  at  the  end  of  five 

charge  of  parotid  saliva  increaseu  oy  r  „o,enever  the  patient  smiled,  spoke,  or 

canula  very  much  faster  than  in  a  state  of  lest,  ^^nenever  pa 

moved  his  lips  or  cheeks  in  any  way.'  i  n        u^„i-  coio"  Fahr  ^  alcohol, 
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the  horse,  the  organic  matter  passed  through  a  mixture  of  sulphate  of  soda  but  was 
(.oagulated  by  sulphate  of  magnesia.  Almost  all  physiologists  agree  that  this  organic 
inatler  is  not  identical  in  its  properties  with  albumen  or  with  the  peculiar  principle 
described  by  Miahle  in  the  mixed  saliva,  under  the  name  of  animal  diastase. 

A  compound  of  sulpho-cyanogen  is  now  generally  acknowledged  to  be  a  constant 
constituent  of  the  parotid  saliva.  This  cannot  be  recognized  by  the  ordinary  tests  in  the 
fresh  saliva  taken  from  the  duct  of  Steno,  but  in  the  clear,  filtered  fluid  which  passes 
after  the  precipitation  of  the  organic  matter,  there  is  always  a  distinct  red  color  on  the 
addition  of  the  persulphate  of  iron.  As  this  reaction  is  more  marked  in  the  mixed  saliva, 
the  methods  by  which  the  presence  of  a  sulpho-cyanide  is  to  be  demonstrated  will  be 
considered  in  connection  with  that  fluid. 

In  the  human  subject,  the  parotid  secretion  is  more  abundant  than  that  of  any  other 
of  the  salivary  glands.  The  entire  quantity  in  the  twenty-four  hours  has  not  been 
directly  estimated ;  but  Prof.  Dalton  found  that,  during  mastication,  the  quantity  secreted 
in  twenty  minutes  on  one  side  was  127-5  grains,  and  on  the  other  side,  374-4  grains. 

A  curious  fact  with  regard  to  the  influence  of  mastication  upon  the  flow  from  the 
parotids  was  observed  by  Colin  in  the  horse,  ass,  and  ox.  He  found  that,  when  mastica- 
tion was  performed  on  one  side  of  the  mouth,  the  flow  from  the  gland  on  that  side  was 
greatly  increased,  exceeding  by  several  times  the  quantity  produced  upon  the  opposite 
side.    This  fact  was  confirmed  by  Dalton,  as  already  indicated,  in  the  human  subject. 

The  flow  of  saliva  from  the  parotid  takes  place  with  greatly-increased  activity  during 
the  process  of  mastication.  The  orifice  of  the  parotid  duct  is  so  situated  that  the  fluid  is 
poured  directly  upon  the  mass  of  food  as  it  is  undergoing  trituration  by  the  teeth ;  and, 
as  the  secretion  is  more  abundant  on  the  side  on  which  mastication  is  going  on,  and  the 
consistence  of  the  fluid  is  such  as  to  enable  it  to  mix  readily  with  the  food,  the  function 
of  this  gland  is  supposed  to  be  particularly  connected  with  mastication.  This  is  undoubt- 
edly the  fact ;  although  its  flow  is  not  absolutely  confined  to  the  period  of  mastication, 
but  continues,  in  small  quantity,  during  the  intervals.  Its  quantity  is  regulated  some- 
what by  the  character  of  the  food,  being  much  greater  when  the  articles  taken  into  the 
month  are  dry  than  when  they  contain  considerable  moisture.  There  is  a  great  difi"erence 
in  diiferent  animals  as  regards  the  stimulation  of  the  salivary  glands  by  substances  intro- 
duced into  the  mouth.  In  the  human  subject,  the  stimulus  produced  by  sapid  sub- 
stances will  sometimes  induce  a  great  increase  in  the  flow  of  the  parotid  saliva.  Mits- 
cherlich  and  Eberle  observed  this  in  persons  sufl'ering  from  salivary  fistula  and  noted, 
farthermore,  that  the  mere  sight  or  odor  of  food  produced  the  same  efi'ect. 

The  supposition,  which  has  been  entertained  by  some  authors,  that  the  flow  from  the 
parotid  is  dependent  upon  the  meclianical  pressure  of  the  muscles  or  of  the  condyle  of 
the  lower  jaw  during  mastication  has  no  foundation  in  fact.  It  is  now  well  established 
that  one  of  the  indispensable  conditions  in  the  production  of  a  secretion  is  a  gi'eat  increase 
in  the  quantity  of  blood  circulating  in  the  gland,  and  that  the  vascular  supply  is  regulated 
through  the  nervous  system.  The  fact  that  an  alternation  in  the  parotid  secretion  accom- 
panies an  alternation  in  the  act  of  mastication  is  also  an  argument  against  this  mechanical 
theory;  for  it  is  not  to  be  supposed  that  during  mastication  there  exists  a  difference  in 
the  pressure  of  the  muscles  or  of  the  condyles  on  the  two  sides,  corresponding  with  the 
differences  whicli  have  been  noted  in  the  secretion  from  the  glands  on  either  side.  In 
the  horse  and  in  the  dog,  it  has  been  observed  that  the  secretion  of  the  parotids  is  com- 
pletely arrested  during  the  deglutition  of  liquids,  while  the  flow  from  the  other  salivary 
glands  is  not  aff'ected. 

To  sum  up  the  functions  of  the  parotid  saliva — aside  from  any  chemical  action  which 
it  may  have  upon  the  food,  which  will  be  fully  considered  in  connection  with  the  mixed 
saliva — it  evidently  has  an  important  mechanical  office.  It  is  discharged  in  large  quan- 
tity during  the  entire  process  of  mastication  and  is  poured  into  the  mouth  in  such  a 
manner  as  to  become  of  necessity  thoroughly  incorporntecl  with  the  food.    Its  function 
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is  chiefly,  although  not  exclusively,  connected  with  mastication  and  indirectly,  with  deglu- 
tition; for  it  is  only  by  becoming  incorporated  with  tliis  saliva,  that  the  deglutition  of 
dry,  pulverulent  substances  is  rendered  possible.  Facts  in  comparative  physiology,  show- 
ing a  great  development  of  the  parotids  in  animals  that  masticate  very  thorouglily,  par- 
ticularly the  ruminants,  a  slight  development  in  those  that  masticate  but  slightly,  and  the 
absence  of  these  glands  in  animals  that  do  not  masticate  at  all,  arc  additional  arguments 
in  favor  of  these  views. 

Suhmaxillary  Salim.—ln  the  human  subject,  the  submaxillary  is  the  second  of  the 
salivary  glands  in  point  of  size.  Its  minute  structure  is  the  same  as  that  of  the  parotid. 
As  its  name  implies,  it  is  situated  below  the  inferior  maxillary  bone.  It  is  in  the  anterior 
part  of  what  is  known  as  the  submaxiUary  triangle  of  the  neck.  Its  excretory  duct,  called 
sometimes  the  duct  of  Wharton,  is  about  two  inches  in  length  and  passes  from  the 
gland,  beneath  the  tongue,  to  open  by  a  small  papilla  by  the  side  of  the  frenum.  This 
gland  is  relatively  very  small  in  the  herbivora  but  is  largely  developed  in  the  carnivora, 
in  the  latter  being  larger  than  the  parotid. 

The  pure  submaxillary  saliva  presents  many  important  points  of  difference  from  the 
secretion  of  the  parotid.  It  was  first  studied  as  a  distinct  fluid  by  Bernard.  It  may  be 
obtained  by  exposing  the  duct  and  introducing  a  fine  silver  tube,  when,  on  the  introduc- 
tion of  any  sapid  substance  into  the  mouth,  the  secretion  will  flow  in  large,  pearly  drops. 
Bernard  found  this  variety  of  saliva  much  more  viscid  than  the  parotid  secretion.  It  is 
perfectly  clear,  and,  on  cooling,  frequently  becomes  of  a  gelatinous  consistence  Its 
organic  matter  is  not  coagulable  by  heat.  In  the  dog,  it  is  rather  more  strongly  alkaline 
than  the  parotid  saliva.    According  to  Bernard,  it  does  not  contain  the  sulpho-cyamde 

of  potassium.  -it. 
The  submaxillary  gland  pours  out  its  secretion  in  greatest  abundance  when  sapid  sub- 
stances are  introduced  into  the  mouth.  In  the  solipeds  and  rummants,  Cohn  has  ob- 
served that  the  quantity  of  submaxillary  saliva  secreted  is  much  increased  during  eating; 
but,  unlike  the  parotids,  the  secretion  does  not  alternate  on  the  two  sides  with  the  alter- 
nation in  mastication.  He  has  found,  in  all  the  domestic  animals,  that  the  flow  is  greatly 
influenced  by  the  degree  of  sapidity  of  the  food.  Although  sapid  articles  mduce  an 
abundant  secretion  from  the  submaxillary  glands,  they  also  produce  an  increase  in  the 
secretions  from  the  parotids  and  subhnguals;  and,  on  the  other  hand,  movements  of 
mastication  increase  somewhat  the  flow  from  the  submaxillaries,  and  these  glands  secrete 
a  certain  amount  of  fluid  during  the  mtervals  of  digestion.  The  viscid  consistence  of  the 
submaxillary  saliva  renders  it  less  capable  of  penetrating  the  alimen  arymass  during 
mastication  than  the  parotid  secretion,  so  that  it  remains  chiefly  near  the  surface  of  the 
alimentary  mass. 

SuMingual  Salim.-Th.  sublinguals,  the  smallest  of  the  salivary  glands,  are  situated 
beneath  the  tongue,  on  either  side  of  the  frenum.  In  minute  stcucture  they  resemble  the 
parotid  and  the  suhmaxillary  glands.  Each  gland  has  a  nmnber  ot  excretory  djts  from 
eight  to  twenty,  which  open  into  the  mouth  by  the  side  of  he  frenum;  and  one  of  the 
ducts,  larger  than  the  others,  joins  the  duct  of  the  submaxillary  gland  near  its  termma- 

tion  in  the  mouth.  i  -n^..^ 

The  secretion  of  the  sublingual  glands  is  more  viscid  even  than  the  submax.llaiy  ah- 
va  but  it  differs  in  the  fact  that  it  does  not  gelatinize  on  cooling.  It  is  so  glutinous  that 
t  ad  e  es  strongly  to  any  vessel  and  flows  with  difliculty  from  a  tube  mtroduced  into 
t^ie  d"t  Ske'tlie  secretion  from  the  other  salivary  glands,  its  --^^on  is  is  mctly^n  - 
kaline.  Its  organic  matter  is  not  coagulable  by  heat  acids  or  the  .^<^J  .^^^^ 
cording  to  Bernard,  after  desiccation  it  is  redissolved  by  water  and  its  viscid  piopeities 

are  then  restored.  .     ^,         ^  f 

In  accordance  with  the  view  entertained  by  Bernard  concerning  the  tunction  of  this 
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variety  of  saliva  and  its  special  connection  with  deglutition,  it  is  supposed  to  be  secreted 
immediately  before  and  during  tlie  act  of  swallowing.  Tlio  experiments  which  are  ad- 
vanced in  support  of  this  view  are  mostly  those  in  which  a  tube  was  fixed  in  each  of  the 
three  salivary  ducts  in  a  dog,  when  the  animal  was  caused  to  make  movements  of  the 
jaw,  movements  of  deglutition,  and  at  the  same  time  the  gustatory  nerves  were  stimu- 
lated by  the  introduction  of  vinegar  into  the  mouth.  In  an  experiment  of  this  kind,  it 
was  observed  tliat  fluid  was  secreted  by  all  the  glands,  but  in  unequal  proportions;  "the 
submaxillary  saliva  flowed  very  abundantly,  the  parotid  saliva  much  less,  and  the  sublin- 
gual saliva  flowed  very  feebly."  Although  the  animal  made  movements  of  mastication, 
experienced  a  gustatory  impression,  and  made  movements  of  deglutition,  it  is  by  no  means 
evident  from  this  observation,  or  from  others  reported  by  Bernard,  that  the  flow  of  the 
sublingual  saliva  had  any  special  connection  with  the  act  of  deglutition.  The  observa- 
tions of  Colin  on  this  subject  show  that,  in  the  domestic  ruminants,  there  is  a  constant 
flow  of  the  sublingual  saliva  during  the  time  occupied  in  eating. 

It  has  been  experimentally  demonstrated  that  the  sublingual  glands  may  be  excited 
to  secretion  by  impressions  made  by  sapid  substances  upon  the  nerves  of  taste,  although 
the  flow  is  always  less  than  from  the  submaxillary  glands.  The  great  viscidity  of  the 
sublingual  saliva  renders  it  less  easily  mixed  with  the  alimentary  bolus  than  the  secre- 
tions from  the  parotid  or  the  submaxillary  glands. 

Fluids  from  the  Smaller  Glands  of  the  Mouth,  Tongue,  and  Pharynx. — Beneath  the 
mucous  membrane  of  the  inner  surface  of  the  lips,  are  small,  rounded,  glandular  bodies, 
opening  by  numerous  ducts  into  the  buccal  cavity,  called  the  labial  glands;  and,  in  the 
submucous  tissue  of  the  cheeks,  are  similar  bodies,  called  the  buccal  glands.  The  latter 
are  somewhat  smaller  than  the  labial  glands.  Two  or  three  of  the  buccal  glands  are  of 
considerable  size  and  have  ducts  opening  opposite  the  last  molar  tooth.  These  arc 
sometimes  distinguislied  as  the  molar  glands.  There  are  also  a  few  small  glands  in  the 
mucous  membrane  of  the  posterior  half  of  the  hard  palate;  but  the  glands  on  the  under 
surface  of  the  soft  palate  are  larger  and  more  numerous  and  here  form  a  continuous 
layer.  The  glands  of  the  tongue  (lingual  glands)  are  situated  beneath  the  mucous  mem- 
brane, mainly  on  the  posterior  third  of  the  dorsum  ;  but  a  few  are  found  at  the  edges 
and  the  tip.  All  of  these  are  small,  racemose  glands,  similar  in  structure  to  those  which 
have  been  called  the  true  salivary  glands.  In  addition  to  these  structures,  the  mucous 
membrane  of  the  tongue  is  provided  with  a  number  of  simple  and  compound  follicular 
glands,  which  extend  over  its  entire  surface  but  are  most  abundant  at  the  posterior  por- 
tion, behind  the  circumvallate  papillse. 

In  the  pharynx  and  the  posterior  portion  of  the  buccal  cavity,  are  found  the  pharyn- 
geal glands  and  the  tonsils.  In  the  pharynx,  particularly  the  upper  portion,  racemose 
glands,  like  those  found  in  the  mouth,  exist  in  large  numbers.  The  mucous  membrane  is 
provided,  also,  with  numerous  simple  and  compound  mucous  follicles.  The  tonsils,  situ- 
ated on  either  side  of  the  fauces  between  the  pillars  of  the  soft  palate,  consist  of  an  ag- 
gregation of  compound  follicular  glands,  held  together  by  fibrous  tissue.  The  number  of 
glands  entering  into  the  composition  of  each  tonsil  is  from  ten  to  twenty. 

The  secretion  from  the  glands  and  follicles  above  enumerated  cannot  be  obtained,  ifi 
the  human  subject,  unmixed  with  the  fluids  from  the  true  salivary  glands.  It  has  been 
obtained,  however,  in  small  quantity,  from  the  inferior  animals,  after  ligature  of  all  the 
salivary  ducts.  This  secretion  is  simply  a  grayish,  viscid  mucus,  containing  a  number  of 
leucocytes  and  desquamated  epithehal  scales.  It  is  this  which  gives  the  turbid  and  opa- 
line character  to  the  mixed  saliva,  as  the  secretions  of  the  various  salivary  glands  are  all 
perfectly  transparent.  The  fluid  from  these  glands  in  the  mouth  is  mixed  with  the  sali- 
vary secretions ;  and  that  from  the  posterior  part  of  the  tongue,  the  tonsils,  and  the 
pharyngeal  glands  passes  down  to  the  stomach  with  the  alimentary  bolus.  This  secretion, 
consequently,  forms  a  constant  and  essential  part  of  the  mixed  saliva. 
14 
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Mixed  Salim.-Amongh  the  study  of  tho  distinct  secretions  discharged  into  the 
mouth  possesses  considerable  pliysiological  interest  and  importance,  it  is  only  the  flmd 
resultiuK  from  a  nnion  of  them  all,  which  can  properly  be  considered  in  connection  with 
the  general  process  of  insalivation.  In  man  it  is  necessary  that  the  cavity  of  the  mouth 
should  be  continually  moistened,  if  for  nothing  else,  to  keep  the  parts  in  a  proper  condi- 
tion for  phonation.  A  little  reflection  will  make  it  apparent  that  the  flow,  from  some  of 
the  glands  at  least,  is  constant,  and  that,  from  time  to  time,  a  certain  quantity  of  saliva 
is  swallowed.  This  is  even  more  marked  in  some  of  the  inferior  animals,  as  the  rumi- 
nants The  discharge  of  fluid  into  the  mouth,  though  diminished,  is  not  arrested  during 
sleen '  In  the  review  of  the  diiferent  kinds  of  saliva,  it  has  been  seen  that  the  flow  from 
none  of  the  glands  is  absolutely  intermittent ;  unless  it  be  so  occasionally  from  the  pa- 
rotid, the  secreting  function  of  which  is  most  powerfully  influenced  by  the  act  of  masti- 
cation and  the  impression  of  sapid  substances.  ^ 

Upon  the  introduction  of  food,  the  quantity  of  sahva  is  enormously  increased  ,  and 
we  have  already  noted  the  influence  of  the  sight,  odor,  and  occasionally  even  the  though 
of  agreeable  articles.  Many  persons  present  a  marked  increase  m  the  flow  of  saliva  at 
the  siglt  of  alemon;  and  we  are  all  familiar,  in  a  general  way,  with  the  impressions 
whi  h  bring water  into  the  mouth."  The  experiments  of  Frerichs  on  dogs  with  gas- 
Trie  fistula,  and  the  observations  of  Gardner  on  a  patient  with  a  wound  m  the  CBSopha- 
JuB  have  demonstrated  that  the  flow  of  saliva  may  be  excited  by  the  stimulus  of  food 
introduced  directly  into  the  stomach  without  passing  through  the  mouth. 

Ouantitv  of  Salim-lt  is  not  easy  to  estimate,  in  the  human  subject,  the  entire 
cmaSty  of  sla  secreted  in  the  twenty-four  hours  ;  and  great  valuations  in  this  regard 
uZubtedly  exist  in  diflerent  persons,  and  even  in  the  same  individual  at  different  tunes 
Tn  approbate  estimate  may  be  arrived  at  by  noting,  as  nearly  as  possible,  the  average 
auaS  secreted  during  the  intervals  of  digestion  and  adding  to  it  the  quantity  ab- 
quamuy  bct^iet^u         b  earlier  physiologists  investigated 

sorbed  by  the  various  articles  of  foo^    f  me  o  the  J J^^  |.^^^^ 

this  subject  with  --^^  P^ti^-^^  ^oith  open  with  the  head  inclined,  receiving  the 
lected  the  saliva      ^^^^^^f  .fj^^^^^^^^  of  this  kind  can  only  be  ap- 

fiuid  in  a  vesse  as  f^«^^  ;;;jXorl  apparently  the  most  satisfactory.    This  ob- 
proximative  and  those  made  by  Datton  are    pp    J  ^.^^^^^  ^^^.^^.^^ 
server  found  that  he  was  able  to  ^oUect  nom  ,^  ^^^^  ^^^^^^^ 

about  five  hundred  and  fi%-six  grams     -  ^^^^^^^  f,,,y.eight  per  cent,  in 

bread  gained  in  niastication  fifty-five  per  cent,  an  ,  ^^^^^^^^^^^^ 

weight.    Assuming  the  daily  -"^---f  L  quantity  of  saliva  secreted  during 

ance  of  meat  to  be  sixteen  ounces,  and  ^^^^f^"^^  '''.^^^t^  fo'^,  l,ours  would  amount  to 
twenty-two  hours  of  interval,  the  entire  ^^^f'l^^^uvl  7m  rather  more  than 
20  164  grains,  or  a  little  less  than  three  pounds  avoirdupois, 

one-half  is  secreted  during  the  intervals  of  eating  subject  to  great  varia- 

Eemembering  that  the  quantity  of  saliva  ^         ™  ^^^^ 
tions,  this  estimate  may  be  taken  -^f  ^^^^.^f.^^^f  [^^^^^^  with  reference 

tity  of  saliva  ordinarily  secreted.    IVrs  thL  tMs  immense 'quantity  ;f  fluid  is  at  no 

»orm«l!j,  HOBS  of  it  is  dischmged  from  the  orgamsm. 

mouth  is  colorless,  somewhat  opaline,  fiothy,  ana  ^  SJ^^'J  ,    \^         allowed  to 

and  somewhat  disagreeable  odor  very  soon  after  l^f'^f:^'^^^^^^^^^ 
stand,  it  deposits  a  whitish  sediment,  -^-f.^^tlrab^  s'peciflc  gravity 

with  .  few  leucocytes,  leaving  ;^3.«^  ,3  almost  constantly  alka- 

is  variable,  ranging  from  1004  to  luuo  or  lui-o. 
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line  ;  although,  under  certain  abnornical  conditions  of  the  system,  it  has  occasionally  been 
observed  to  be  neutral,  and  sometimes,  though  rarely,  acid.  Wo  have  occasionally  ob- 
served a  distinctly  acid  taste  in  the  saliva  after  very  severe,  prolonged,  and  exhausting 
muscular  exertion.  The  saliva  becomes  slightly  opalescent  by  boiling  or  on  the  addition 
of  the  strong  acids.  The  addition  of  absolute  alcohol  produces  an  abundant  whitish, 
flocculent  precipitate.  Almost  invariably  the  mixed  saliva  presents  a  more  or  less  intense 
blood-red  tint  on  the  addition  of  a  per-salt  of  iron,  which  is  due  to  the  presence  of  a 
sulpho-cyanide  either  of  potassium  or  sodium. 

A  number  of  analyses  of  the  human  mixed  saliva  have  been  made  by  different  chem- 
ists, presenting,  however,  few  diflerences,  except  in  the  relative  proportions  of  water 
and  solid  ingredients,  which  are  probably  quite  variable.  One  of  the  most  reliable  of 
these  analyses  is  the  following,  by  Bidder  and  Schmidt : 

Composition  of  Human  Saliva. 


Water   995-16 

Epithelium   1-62 

Soluble  organic  matter   l-Sd 

Sulpho-cyanide  of  potassium   0'06 

Phosphates  of  soda,  lime,  and  magnesia   0*98 

Chloride  of  potassium  ) 
Chloride  of  sodium  J 

1,000-00 


The  organic  principle  of  the  mixed  saliva,  called  by  Berzelins  ptyaline,  is  not  affected 
by  heat  or  the  acids,  but,  on  the  addition  of  an  excess  of  absolute  alcohol,  is  coagulated 
in  the  form  of  whitish  flakes,  which  may  be  readily  separated  by  filtration.  This  sub- 
stance has  been  closely  studied  by  Mialhe  and  is  described  by  him  under  the  name  of 
animal  diastase.  This  author  regards  it  as  the  active  principle  of  the  saliva.  It  is  ob- 
tained from  the  human  saliva  by  the  following  simple  process  : 

The  fluid  from  the  mouth  is  first  filtered,  then  treated  with  five  or  six  times  its  weight 
of  absolute  alcohol,  by  which  a  white  or  grayish-white  precipitate  is  foi-med.  This  sub- 
stance is  collected  on  a  filter  and  is  dried  in  thin  layers  on  a  plate  of  glass  in  a  current 
of  air  at  from  100°  to  120°  Fahr.  It  may  then  be  preserved  indefinitely  in  a  well-stop- 
pered bottle.  The  principle  thus  prepared  may  be  dissolved  in  water,  when  it  is  insipid, 
neutral,  and  becomes  readily  decomposed,  giving  rise  to  a  substance  resembling  butyric 
acid.  It  has  no  influence  upon  the  nitrogenized  alimentary  principles,  but,  when  brought 
in  contact  with  raw  or  hydrated  starch,  readily  transforms  it,  first  into  dextrine,  and 
afterward  into  glucose.  According  to  Mialhe,  the  energy  of  this  action  is  such  that  one 
part  is  sufiicient  to  effect  the  transformation  of  more  than  two  thousand  parts  of  starch. 

The  presence  of  a  certain  quantity  of  sulpho-cyanide  of  potassium  in  the  mixed  saliva 
can  be  demonstrated  by  the  addition  of  a  per-salt,  especially  the  perchloride  of  iron. 
That  this  is  a  constant  and  normal  ingredient  of  the  human  saliva  cannot  be  doubted. 
We  have  frequently  had  occasion  to  apply  this  test  to  the  saliva  of  different  persons,  and 
the  results  have  been  invariably  the  same. 

It  has  been  a  question  whether  the  red  color  produced  by  the  perchloride  of  iron  be 
really  due  to  the  presence  of  a  sulpho-cyanide  in  the  saliva ;  or,  if  it  exist  at  all,  whether 
this  salt  be  a  normal  constituent  or  be  developed  accidentally  as  a  pathological  condi- 
tion, or  produced,  as  has  been  suggested,  by  the  action  of  reagents.  The  elaborate  in- 
vestigations of  Longet  seem  to  have  settled  these  questions  conclusively.  He  obtained 
nearly  three  quarts  of  human  saliva,  which  he  collected  in  half  an  hour  from  forty  sol- 
diers, fasting,  who,  after  having  rinsed  and  cleaned  the  mouth,  excited  the  secretion  by 
chewing  pieces  of  India-rubber.  The  fluid  was  then  concentrated  so  that  aU  the  sulpho- 
cyanide  was  brought  into  a  few  drops,  which  showed,  in  an  intense  degree,  the  pecidiar 
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reaction  with  tho  percMoride  of  iron.  By  suitable  manipulations,  the  presence  of  sul- 
phur was  also  established.  examined  the  saliva  from  a  great  number  of 
Longet  Bftos  farthermore,  that  he  h  ^.^^..trate  the  presence  of  the 
persons,  under  all  conditions,  ^^^-^^^  some  cases  it  was  so 
Bulpho-cyanide.  Its  proportion  ^^J^^J^-Z  did  not  immediately  manifest  itself; 
slight  that  the  reaction  with  /  ^^^'^^^.j^^lf  ,r  one-third  of  its  original  volume, 
hut,  by  slowly  evaporating  the  liquid  to  one  nun  u 

the  reaction  was  ^^l^'^^^^^^^^^^^^         of  potassium  is  a  constant  ingredient  of  each 
It  18  probable  been  found  in  the  parotid,  in  cases  of  salivary 

of  the  three  varieties  of  sahva    It  has  De  ^^^^  ^^^^^^^^^^ 

;t  of  L  .out.,  behmd  .h,  co.sti..e.t,  of  s..iv., 

V„y  little  need  be  md  tlej^^m.m^^^^^^^^^ 

:Sen»it.v°::r   r  .rp/»  <^  -  -^eeted  >. ... 

with  the  functions  of  the  saliva  as  a  digestive  fluid. 

Functions  of  the  Saliva. 
Physiologists  are  not  entirely  ag.~nm^^^ 

relating  to  the  function  of  the  mixed  ^'^J"'^  ^^^^^^^^^^^  of  the  saliva  is  simply 

the  lower  animals,  particulariy  on  dog  ,  concMe^^th^  transformmg  starch  into 

mechanical;  while  others,  in  view  «f p  ope^y  ot  P  J  .^^^^^  the 
sugar,  attribute  to  it  an  importan  ^^^^f  f  ^f^^^^  He  has  shown  that  none  of 
view  of  Bernard  is  based  are  conclusive,  'll^l^'f^'J^^.  ^  ^j^ture  of  the  fluids 
the 'distinct  varieties  of  ^^^^-^  fnotratife^^^  a^^^^        the  mixed  saliva  from 

from  the  three  salivary  glands  ^^'"^'^'J^^^^f^^ ^.ZL  glands  of  the  mouth,  con- 
the  mouth  of  the  dog,  co-tai"^^?  ^^^^^tHhe  l^^^^Ze,  however,  he  mentions  the 
verts  starch  into  sugar  with  difficulty.  At  the  ™  ^™  '  into  sugar  with  great 
.ell-known  fact  that  the  .^^^^^  ^^^^^^^^^^  or  submaxillary 

rapidity,  and  that  the  ^^^^  a  .rdrs  taken  by  the  mouth  are  always  found  un- 
secretion.    In  the  dog,  in  the  smaU  intestines;  but 

altered  in  the  ^to-^^^jfj^^^^^^^  l^iman  subject.    These  facts  are 

observations  have  shown  that  this  is  ^  experiments  made  on  an  exclusive- 

a  sufficient  argument  against  the  direct  ^p^^^^^^^^^  there  is  no 

Ij  earnivorous  animal,  like  the  dog,     *  ^^^^^^^^^^^^  the  mammalia,  as  regards  the 

reason  to  suppose  that  there  is  any  ^.^^^^^^^^^^^^^  or  respiration,  it  is  evident 

general  operation  of  some  of  the  f™!'*  ^^'Xt't"  ^  -el?  as  in  the  teeth  and 

?hat  differences  exist  P^^^f     J^^^^^^^^  eharUer  and  conditions  of  the 

jaws,  corresponding  wit^i  the  S^^^/^f  ^^^^/^^  theref  the  results  of  experiments 
;Um;ntary  principles.  In  the  f^^L'l^;^^^^^^^^^  resel-ve,  and  they  should  be  con- 
on  the  inferior  animals  cannot  always  b  tak  n  .^^ 

?i^"TuiTs  tti^rr  studied  minutely  by  vivisections  have  been 
investigated  more  'or  less  fully  in  ^f.  ^^^-^^  ^..^  warmed, 

In  1831,  Leuchs  discovered  ^-^^^ J^^^^^^^^^^      Converted  into  sugar.    This  fact  has 
became  liquid  in  the  space  of  '^^^'^^  ^  ,„,tter  of  common  observation  that 

since  been  repeatedly  confirmed ;  and  ^^^J^^  ^^^ost  instantly  loses  the 

bydrated  starch  or  unleavened  ^^^ead,  taken  into  tern  ^  ^.^^^^^^ 

property  of  striking  a  blue  -lor  with  .c^hneand  3^;^^^.^^^^,  the  simple  experi- 
Of  the  rapidity  of  this  action  any  one  can  easnj' 
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ment  of  taking  a  little  cooked  starch  into  the  moutli,  mixing  it  well  with  the  saliva,  and 
testing  in  the  ordinary  way  for  sugar.  Tliis  can  hardly  be  done  so  rapidly  that  the  reac- 
tion is  not  manifested,  and  the  presence  of  sugar  is  also  indicated  by  the  taste.  Although 
the  human  mixed  saliva  will  finally  exert  the  same  action  on  uncooked  starch,  the  trans- 
formation takes  place  much  more  slowly.  It  has  been  shown  by  experiment  that  all  the 
varieties  of  human  saliva  have  the  same  effect  on  stai-oh  as  the  mixed  fluids  of  the  mouth. 
Dalton  found  no  difference  in  the  pure  parotid  saUva  and  the  mixed  saliva  of  the  human 
subject,  as  regards  the  power  of  transforming  starch  into  sugar.  Bernard  obtained  the 
pure  secretions  from  the  parotid  and  from  the  submaxillary  glands  in  the  human  subject, 
by  drawing  it  out  of  the  ducts,  as  they  open  into  the  mouth,  with  a  small  syrmge  with 
the  nozzle  arranged  so  as  to  fit  over  the  papillfE,  and  demonstrated  their  action  on  starch. 
Longet  showed  that  a  mixture  of  the  secretions  of  the  submaxillary  and  the  sublingual 
glands  had  the  same  property. 

It  is  unnecessary,  in  this  connection,  to  recite  the  numerous  experiments  on  the  in- 
fluence of  the  saliva  of  the  inferior  animals  on  starch;  but  it  may  be  stated,  as  an  estab- 
lished and  generally-accepted  fact,  that  the  mixed  saUva  and  the  secretion  of  the  different 
salivary  glands,  in  the  human  subject,  invariably  transform  cooked  starch  into  sugar  with 
great  rapidity  in  the  mouth,  and  also,  at  the  proper  temperature,  out  of  the  body.  It 
has  been  also  shown  by  Mialhe  that  the  starch,  although  it  is  converted  rapidly  into  sugar 
in  this  process,  is  first  transformed  into  dextrine.  This  point  being  settled,  there  arises 
the  important  question  whether  the  action  of  the  saliva  be  unportant  in  the  digestion  of 
starch,  or  whether  this  transformation  be  merely  accidental ;  for  it  has  been  shown  thait 
other  fluids,  among  which  may  be  mentioned  the  serum  of  the  blood,  the  fluid  found  in 
cysts,  and  mucus,  have  the  same  property,  although  none,  except  the  intestinal  juices,  are 
nearly  so  efficient  as  the  saliva.  And,  again,  the  quantity  of  starch  contained  in  the  food 
is  so  great  that  it  would  require,  apparently,  a  longer  contact  with  the  saliva  than  usually 
takes  place  in  the  mouth  to  make  this  action  very  efiicient.  These  considerations  make 
it  necessary  to  follow  the  amylaceous  principles  of  food  into  the  stomach  and  to  ascer- 
tain, if  possible,  whether  the  transfonnation  into  sugar  be  continued  in  this  organ. 

Bernard,  after  feeding  a  dog  with  starch,  drew  off'  the  contents  of  the  stomach  hy  a 
gastric  fistula  and  found  the  starch  unchanged,  with  no  traces  of  sugar.  This  experi- 
ment we  have  often  repeated  in  public  demonstrations,  with  the  same  results;  but  the 
differences  already  noted  in  the  properties  of  the  saliva  of  the  human  subject  and  of  the 
inferior  animtds  destroy  much  of  the  value  of  such  observations.  Longet  and  others  have 
shown  that  the  addition  of  gastric  juice  to  the  saliva  does  not  interfere  with  the  action 
of  the  latter  on  starch,  but  it  has  been  found  that  the  reaction  of  the  sugar  thus  resulting 
from  the  transformation  of  the  starch  is  masked  by  the  presence  of  other  principles  con- 
tained in  the  stomach.  The  question  of  the  continuance,  in  the  stomach,  of  the  digestion 
of  starcli  by  the  saliva  is  settled  hy  the  following  observation  by  Griinewaldt  and 
Schroder,  in  1858,  on  a  woman  with  a  gastric  fistula: 

"  After  a  meal  of  raw  starch,  no  sugar  was  found  in  the  contents  of  the  stomach,  the 
acid  juice  was  drawn  by  the  fistula,  and  was  mixed  with  paste  ;  the  transformation  into 
sugar  commenced  immediately.  As  Bidder  has  observed,  the  transforming  property  of 
the  saliva  persists,  even  in  the  presence  of  free  acids. 

"  A  few  ounces  of  starch  swelled  with  boiling  wat6r  were  introduced  In  the  stomach, 
fasting,  by  the  fistula;  immediately  after,  a  portion  of  the  starch  was  expelled  again; 
already  it  contained  sugar.  A  quarter  of  an  hour  after,  a  great  deal  of  sugar  was  found 
in  the  stomach,  and  the  paste  had  become  entirely  fluid." 

There  can  be  no  doubt  that  the  saliva,  in  addition  to  its  important  mechanical  func- 
tions, transforms  a  considerable  portion  of  the  cooked  starch,  which  is  the  common  form 
in  which  this  principle  is  taken  by  the  human  subject,  into  sugar;  hut  it  is  by  no  means 
the  only  fluid  engaged  in  its  digestion,  similar  properties  belonging,  as  we  shall  see  hero- 
after,  to  the  pancreatic  and  the  intestinal  juice.    The  last-named  fluids  are  probably  more 
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active,  even,  than  the  saliva.  The  saliva  acts  slowly  and  imperfectly  on  raw  starch 
which  becomes  hydrated  in  the  stomach  and  is  digested  mainly  by  the  fluids  of  the  small 
intestine.  In  all  probability,  the  saliva  does  not  digest  all  the  hydrated  starch  taken  as 
food,  the  greater  part  passing  unchanged  from  the  stomach  into  the  mtestme.  Those  who 
attribute  merely  a  mechanical  function  to  the  saliva  draw  their  conclusions  en  irely  from 
experiments  on  the  lower  animals,  particularly  the  carnivora;  and  it  is  evident  that  such 
observations  cannot  be  strictly  applied  to  the  human  subject.       ^  .        ^  ,  .  . 

The  principle  which  is  specially  active  in  the  digestion  of  starch,  in  the  human  subjee 
at  least,  must  exist  in  the  pure  secretion  from  the  various  glands  as  weU  as  in  ^^^^ 
saliva    It  has  been  isolated  and  studied  by  Mialhe,  under  the  name  of  animal  diastase. 
Its  properties  and  its  action  on  starch  have  already  been  noted  in  treating  of  the  com- 

'°t°;:L?n;  oTS'  :Ss  Adds  w^ch  are  combined  to  form  the  mixed  saliva,  their 
mechanical  functions  have  necessarily  been  touched  upon.  To  sum  np  this  subject  how- 
ever it  may  be  stated  that  the  fluids  of  the  mouth  and  pharnyxhave  quite  as  important  an 
St  preparing  the  food  for  deglutition  and  for  the  action  of  the  juices  in  the  stomach 
r'n  the  digestion  of  starch.  Indeed,  the  former  is  probably  the  more  important  function 
in  In  anfth  herbivora.  It  is  a  matter  of  common  experience  that  the  rapid  degluti- 
t^^of  very  dry  articles  is  impossible;  aad  the  experiments  of  Bernard  and  others  on 

completely  incorporated  with  the  food  ^^^^ --^-^-7;^^  jj^^^^ 

particles  into  a  single  coherent  mass    In  an  -P^^J^^^'^^^^'irwere  collected  by 

ifter  the  ducts  of  Steno  had  been  divided,  the       -ns  of  ^^^^^^^ 

an  opening  into  the  CBSophagus  as  they  were         °-f^  J^^^,^  ^  three- 

and  follicles  of  the  mouth,  being  more  ^^/^  ^."^^^^^^^^^ 

tion,  penetrate  the  alimentary  bolus  less  easily  and  ^^^^ ^^^^^  /^^^.^^  tenacity, 

coating  on  its  exterior,  agglutinating  the  Pa^jcles  on  ^^^  l^^^l  JiU  food  is  passed 
When  the  process  of  mastication  and  ^^^^^^^^.^^^^J^^^J^^  glands,  wiiich  still 

back  into  the  pharynx,  it  meets  with  the  -^J^/J^^^^f,  '^^^^^  in  this 

farther  coats  the  surface  with  the  viscid  fimd  ^^^^^J^^'' 

situation,  thus  facilitating  the  first  processes  of  3^*™";^^  to  entangle  bubbles  of 

t:riz^.  ztrrs -c.-^^^^^^^^  — "  - 

with  air,  are  not  easily  acted  upon  in  the  stomach. 

Deglutition. 

into  the  stomach.    The  process  mvolves  first,  the  P^««nS«'  ,  then  a  rapid 

the  alimentary  mass  through  the  isthmus  of  the  ^^^^  ^/^jj^^^^^ 
contraction  of  the  constrictors  of  the  pharynx,  by  which  it  is  torcea 
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and,  finally,  a  peristaltic  action  of  the  muscular  walls  of  the  cBSophagus,  extending  from 
its  opening  at  the  pharynx  to  the  stomach. 

Physiological  Anatomy  of  the  Parts  concerned  in  Deglutition.— l^hQ  parts  concerned 
in  this  function  are  the  tongue,  the  muscular  walls  of  the  pharynx,  and  the  oesophagus. 
In  the  passao'e  of  food  and  drink  through  the  pharynx,  it  is  necessary  to  completely  pro- 
tect from  the"  entrance  of  foreign  matters  a  number  of  openings  which  are  exclusively  for 
the  passa'^e  of  air.  These  are  above,  the  posterior  nares  and  the  Eustachian  tubes,  and 
below  the  opening  of  the  larynx.  The  mechanism  by  which  these  passages  are  closed 
during  the  acts  of  deglutition  is  one  of  the  most  interesting  subjects  connected  with  this 
function  and  has  long  engaged  the  attention  of ''physiologists. 

The  tongue— a  muscular  organ  capable  of  a  great  variety  of  movements,  and  en- 
dowed as  we  have  seen,  with  highly  important  functions  connected  with  mastication— 
is  the  'chief  agent  in  the  first  processes  of  deglutition.  Its  physiological  anatomy  has 
already  been  considered. 


Fig.  5%— Cavities  of  the  mouth  and  pharynx,  etc.  (Sappey.) 
Section  in  the  median  line  of  the  face  and  the  superior  portion  of  the^eclv,  designed  to  show  tiio  mouth  in  its  rela- 
tions to  the  nasal  fosste,  the  pharynx,  and  the  larynx  :  1,  sphenoidal  sinuses ;  2,  internal  nriflce  of  the  Eustachian 
tube ;  8,  palatine  arch  ;  4,  velum  pendulum  palati ;  5,  anterior  pillar  of  the  soft  palate ;  fi.  posterior  pillar  of  the 
soft  palate;  7,  tonsil;  8,  iinfjual  portion  of  the  cavity  of  the  pharynx;  9,  epiglottis ;  10,  section  of  thehyoid 
bone;  11,  laryngeal  portion  of  the  cavity  of  the  pharynx;  12,  cavity  of  the  larynx. 


The  pharynx,  in  which  the  most  vigorous  and  complex  of  the  movements  of  degluti- 
tion take  place,  is  an  irregular,  funnel-shaped  cavity,  its  longest  diameter  being  trans- 
verse and  opposite  the  cornua  of  the  hyoid  bone,  with  its  smallest  portion  at  the  opening 
into  the  cesophagus.  Its  length  is  about  four  and  ahalf  inches.  It  is  connected  superiorly 
and  posteriorly  with  the  basilar  process  of  the  occipital  bono  and  the  upper  cervical  verte- 
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bra.  It  is  imperfectly  separated  from  the  cavity  of  the  mouth  by  the  velum  pendulum 
l)nlati,  a  movable  musculo-membranous  fold  continuous  with  the  roof  the  mouth  and 
inarked  by  a  lino  in  the  centre,  which  indicates  its  original  development  by  two  lateral 
halves.  This,  which  is  called  the  soft  palate,  when  relaxed,  presents  a  concave  surface 
looking  toward  the  mouth,  a  free,  arched  border,  and  a  conical  process  hanging  from  the 
centre,  called  the  uvula.  On  either  side  of  the  soft  palate,  are  two  curved  pillars  or  arches. 

The  anterior  pillars  of  the  fauces  are  formed  by  the  palato-glossus  muscle  on  either 
side  and  run  obliquely  downward  and  forward,  the  mucous  membrane  which  covers 
them  becoming  continuous  with  the  membrane  over  the  base  of  the  tongue.  The  posterior 
pillars  are  more  closely  approximated  to  each  other  than  the  anterior.  They  run  obliquely 
downward  and  backward,  their  mucous  membrane  becoming  continuous  with  the  mem- 
brane covering  the  sides  of  the  pharynx.  Between  the  lower  portion  of  the  anterior  and 
posterior  pillars,  are  the  tonsils;  and  in  the  substance  of,  and  beneath  the  mucous  mem- 
brane of  the  palate  and  pharynx,  are  small  glands,  which  have  already  been  described. 

In  Fig.  52  are  shown  the  cavities  of  the  mouth  and  pharynx  with  their  relations  to 
the  nares  and  the  larynx. 
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Fig  59.— Muscles  of  the  pliarynx,  etc.  (Sappey.) 
muscle!  19,  tensor  palati ;  20,  levator  palati. 

The  isthmus  of  the  fauces,  or  the  strait  through  which  the  food  P-^Jj^^^^^X^S^ 
to  the  pharynx,  is  bounded  above,  by  the  soft  palate  and  the  uvula  ;  laterally,  by  the  pU 
ar  of  the  palate  and  the  tonsils ;  and  below,  by  the  base  of  the  tongue. 


DEGLUTITION. 


217 


The  openings  into  the  pharynx  above  are  the  posterior  nares  and  orifices  of  the  Eusta- 
chian tubes.    Below,  are  the  openings  of  the  oesophagus  and  the  larynx. 

The  muscles  of  the  pharynx  are  the  superior  constrictor,  the  stylo-pharyngeus,  the 
middle  constrictor,  and  the  inferior  constrictor  ;  and  it  is  easy  to  see,  from  the  situation  of 
these  muscles,  how,  by  their  successive  action  from  above  downward,  the  food  is  passed 
into  the  ossophagus. 

The  superior  constrictors  form  the  muscular  wall  of  the  upper  part  of  the  pharynx. 
Their  origin  extends  from  the  lower  third  of  the  margin  of  the  internal  pterygoid  plate  of 
the  sphenoid  bone  to  the  alveolar  process  of  the  last  molar  tooth,  the  intermediate  line  of 
attachment  being  to  tendons  and  ligaments.  The  fibres  then  pass  backward  and  meet  in 
the  median  raphe,  which  is  attached  by  aponeurotic  fibres  to  a  ridge  on  the  basilar  process 
of  the  occipital  bone,  called  the  pharyngeal  spine. 

The  stylo-pharyngeus  mnscle  has  a  rounded  portion  above,  by  which  it  arises  from  the 
inner  surface  of  the  base  of  the  styloid  process  of  the  temporal  bone.  It  passes  between 
the  superior  and  middle  constrictors  of  the  pharynx,  becomes  thin,  and  spreading  out,  its 
fibres  mingle  in  part  with  the  fibres  of  the  constrictors  and  the  palato-pharyngeus,  and  a 
few  pass  to  be  inserted  into  the  upper  border  of  the  thyroid  cartilage. 

Tho  middle  constrictor  is  a  flattened  muscle,  arising  from  the  cornuaof  the  hyoid  bone 
and  the  stylo-hyoid  ligament,  its  fibres  passing  backward,  spreading  into  a  fan-shape,  and 
meeting  in  the  mediaji  raphe. 

The  inferior  constrictor  is  the  most  powerful  of  the  muscles  of  the  pharynx.  It  arises 
by  thick,  fleshy  masses  from  the  sides  of  the  thyroid  and  cricoid  cartilages  of  the  larynx. 
The  inferior  fibres  curve  backward,  and  the  superior  fibres,  backward  and  upward,  to 
meet  in  the  median  raphe. 

The  muscles  which  form  the  fleshy  portions  of  the  soft  palate  are  likewise  important 
in  deglutition. 

The  levator  palati,  a  long  muscle  of  considerable  thickness,  arises  from  the  apex  of  the 
petrous  portion  of  the  temporal  bone  and  the  adjacent  cartilaginous  portion  of  the  Eusta- 
chian tube ;  and,  spreading  out  in  the  posterior  portion  of  the  soft  palate,  as  its  name 
implies,  it  raises  the  velum. 

The  tensor  palati,  sometimes  called  the  circumflexus,  is  a  broad,  thin  muscle,  consist- 
ing of  a  vertical  portion,  which  is  fleshy,  and  a  horizontal  portion,  which  is  tendinous. 
The  fleshy  fibres  arise  from  the  scaphoid  fossa  of  the  sphenoid  bone,  pass  downward,  he- 
come  tendinous,  and  wind  around  the  hamular  process ;  after  which  the  muscle  spreads 
out  into  a  thin  aponeurosis,  which  passes  to  the  median  line  on  the  anterior  portion  of 
the  soft  palate.    Its  action  is  to  render  the  palate  tense. 

The  palato-glossus  forms  the  anterior  pillar  of  the  soft  palate.  It  arises  from  the  side 
of  the  palate  near  the  uvula  and  passes  to  be  inserted  into  the  side  and  dorsum  of  the 
tongue.  The  action  of  this  muscle  is  to  constrict  the  isthmus  of  the  fauces,  by  drawing 
down  the  soft  palate  and  elevating  the  base  of  the  tongue. 

The  palato-pharyngeus  forms  the  posterior  pillar  of  the  soft  palate.  It  arises  from  the 
soft  palate  by  two  fasciculi,  and  joins  with  the  fihres  of  the  stylo-pharyngeus,  to  be  in- 
serted into  the  posterior  border  of  the  thyroid  cartilage.  Its  action  is  to  approximate  the 
posterior  pillars  of  the  palate  and  depress  the  velum. 

The  azygos  uvulse  is  tho  small  muscle,  consisting  of  two  fasciculi,  one  on  either  side, 
which  forms  the  fleshy  portion  of  the  uvula.  It  has  no  very  marked  or  important  action 
in  deglutition. 

The  mucous  membrane  of  the  pharynx,  aside  from  the  various  glands  situated  beneath 
it  and  in  its  substance,  which  have  already  been  described,  presents  some  peculiarities, 
which  are  interesting  more  from  an  anatomical  than  a  physiological  point  of  view.  In 
the  superior  portion,  which  foi-ms  a  cuboidal  cavity  just  behind  the  posterior  nares,  the 
membrane  is  darker  and  much  richer  in  blood-vessels  than  in  other  parts.  Its  surface  is 
smooth  and  provided  with  ciliated,  columnar  epithelium,  like  that  which  covers  the  mem- 
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brane  of  tho  posterior  nares.  It  is  marked  by  a  deep  antero-poster.or  groove  m  the 
n  edTan  lin  and,  on  either  side,  parallel  with  the  median  lino,  arc  tour  sma  ler  grooves^ 
rtre  hodz^ntal  portions,  the  mueous  membrane  in  the  central  groove  adheres  o  the 
l  JostlZ  TL\as^^r  proeess,  particularly  at  its  posterior  extremity  Laterally  be- 
fow  t  e  of  the  opening  of  the  Eustachian  tubes  and  ^o^-^^^^J^^^^^^, 
it  becomes  vertical,  the  mucous  membrane  abruptly  changes  its  character.  The  epithelial 
coveHnTis  Iic^^  omposed  of  cells  of  the  pavement-variety,  similar  to  hose  v.hich  coyer 
tlil  muco  IS  rembrane  of  the  cBsophagus.  The  membrane  is  also  paler  and  is  less  rich 
!  blood  vessl  It  is  provided  with  papillee,  some  of  which  are  simple  conical  eleva- 
Lns  wh^le  0^^^^^^  from  two  to  six  conical  processes  with  a  s.ngle  base.  These 

papm  Jjje  raSer  thinly  distributed  over  all  of  that  portion  of  the  mucous  surface  which 

"  Xl^ctC ^^^^^^^  of  the  pharynx  force  the  alimentary  bolus  into 

the^^agus,  a  tube  poss.sed  of  ^  ^ r:^^ 
esophagus  is  ^^l^^  ^Tc—ncf  in';;:  median  line  behind  the  lower 
Sr  of  ^le  SiTcartUage  ^d  opposite  the  fifth  cervical  vertebra.    At  first,  as  t  de 

tranmcrse  layer  of  muSButo  Sbves.    I«  tl>«        ™'.  '  a„„„,d  from  the  pos- 

«,m.ged  In  thve.  ai.tinot  tac.l. ;  OM  m  '"><']•  Z^  JZiim  from  the  inferior 

terlor  snrfaee  of  the  cricoid  ■'-'^l''^'f,2\Z:Xt:^7^^-,L^.  les.  distinct 

coat  is  from     ^  tV     an  incb  in  thickness.  exclusively  of  the  red  or 

In  the  upper  third  of  the  oesophagus,  mus  ulai  ^^^^^^l^  ^^^ere  I  a  mixture  of 
striated  variety,  with  some  anastomosing  ^-^f'  jj^l^  /"^f  J,  letter  fibres  become 
non-striated  fibres,  which  appear  first  in  t he  largely  predominate.    A  few 

.gradually  more  numerous,  until,  m  the  lower  fouith,  t^^^y  laige  y  i 
SaSbres,  however,  are  found  as  low  ^--/J.^^;;^^^^^^^        tissue  by  a  dense, 
The  mucous  membrane  of  the  oesophagus  is  f'^^'l^^^Z^^  paler  in  the 

fibrous  layer.  It  is  quite  vascular  and  -'i^-^^^^^S;^^  ^^Tinl  longitudinal  folds 
inferior  portion.    The  ^"-^o-^^^;^^™?,!  "  I  epMielium  is  thick,  of  the  pave- 

which  are  obliterated  when  the  tube  is  distended^    I  s  ept  ^^^^^^ 

inent-variety,  and  is  continuous  .oth,  ^^^^^^^l'^^^^^^^^  as  those  found  in  the 

■     the  pharynx.    It  is  V^oj^^^-^^  °ynmeous  small,  racemose  glands  are  found 
t::^^^::::^:^^^^^---  lower  0..^.  just  before  , 

opens  into  the  stomach,  a  glandular  ring. 

erally  divided  the  process  of  deglutition  into         P^^^^  J.^ees.    This  ma; 

by  the  passage  of  the  alimentary  bolus  ^f'^'.^^fll'^'^^^^^  are  effected  b 

appropriately  be  considered  as  a  distinct  period,  because  the  move 
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the  action  of  muscles  under  the  control  of  the  will.  The  second  period  is  occupied  by  the 
passage  of  the  food  from  the  isthmus  of  the  fauces,  through  the  pharynx,  into  the  upper 
part  of  the  cesophagns.  The  third  period  is  occupied  by  the  passage  of  the  food  through 
the  oesophagus  into  the  stomach. 

In  the  first  period,  the  tongue  is  the  important  agent.  Alter  mastication  lias  been 
completed  the  mouth  is  closed  and  the  tongue  becomes  slightly  increased  in  width,  and, 
with  the  alimentary  bolus  behind  it,  is  pressed  from  before  backward  against  the  roof  of 
the  mouth  The  act  of  swallowing  is  always  performed  with  difficulty  when  the  mouth 
is  not  completely  closed;  for  the  tongue,  from  its  attachments,  must  follow,  to  a  certain 
extent  the  movements  of  the  lower  jaw.  The  first  part  of  the  first  period  of  deglutition, 
therefore,  is  simple ;  but,  when  the  food  has  passed  beyond  the  hard  palate,  it  comes  m 
contact  with  the  hanging  velum,  and  the  muscles  are  brought  into  action  which  render 
this  membrane  tense  and  oppose  it  in  a  certain  degree  to  the  backward  movement  of  tlie 
base  of  the  tongue.  This  is  efi'ected  by  the  action  of  the  tensor-palati  and  the  palato- 
glossus. The  moderate  tension  of  the  soft  palate  admits  of  its  being  apphed  to  the  smaller 
morsels,  while  the  opening  is  dilated  somewhat  forcibly  by  masses  of  greater  size. 

It  is  easy  to  appreciate,  in  analyzing  the  first  period  of  deglutition,  that  hquids  and 
the  softer  articles  of  food  are  assisted  in  their  passage  to  the  isthmus  of  the  fauces  by  a 
shght  suction  force.  This  is  efi'ected  by  the  action  of  the  muscles  of  the  tongue,  elevating 
the  sides  and  depressing  the  centre  of  the  dorsum,  while  the  soft  palate  is  accurately 
applied  to  the  base. 

The  importance  of  the  movements  of  the  tongue  during  the  first  period  of  deglutition 
is  shown  by  experiments  on  the  inferior  animals  and  by  cases  of  loss  of  this  organ  in 
the  human  subject.  In  the  experiments  of  Panizza,  which  have  already  been  referred  to 
in  connection  with  mastication,  it  was  found  that  paralysis  of  the  tongue  by  section  of 
the  hypoglossal  nerves  in  dogs  deprived  the  animals  of  the  power  of  swallowing,  even 
when  a  bolus  of  meat  or  bread  was  put  upon  its  dorsal  surface.  In  an  observation  on  a 
young  dog,  in  which  we  divided  both  hypoglossal  nerves,  the  efi'ect  upon  deglutition  was 
very  marked.  The  animal  ate  with  difficulty,  the  pieces  of  meat  which  were  given  him 
frequently  dropping  from  the  mouth.  He  was  able  to  swallow  only  by  jerking  the  head 
suddenly  upward,  so  as  to  throw  the  meat  past  the  base  of  the  tongue  ;  and,  even  when 
deglutition  commenced,  the  first  steps  took  place  slowly  and  with  apparent  difficulty. 
The  process  of  drinking  was  very  curious.  The  animal  made  the  usual  noise  in  attempt- 
ing to  drink,  but  the  tongue  did  not  come  out  of  the  mouth,  and  the  only  way  he  seemed 
to  get  any  water  was  by  jerking  the  head  and  moving  the  jaw  so  as  to  throw  some  of  the 
liquid  into  the  mouth.  On  causing  him  to  drink  from  a  graduated  glass,  it  was  found 
that  he  drank  four  fluidounces  in  four  minutes.  In  the  case  of  a  young  girl,  reported  to 
the  Academy  of  Science,  in  1718,  by  De  Jussieu,  in  which  there  was  congenital  absence 
of  the  tongue,  deglutition  was  impossible  until  the  food  had  been  pushed  with  the  finger 
far  back  into  the  mouth.  In  cases  of  amputation  of  the  tongue,  a  portion  of  its  base  gen- 
erally remains  sufficient  to  press  against  the  palate  and  thus  act  in  the  first  period  of  deg- 
lutition. 

The  movements  in  the  first  period  of  deglutition  are  under  the  control  of  the  will  but 
are  generally  involuntary.  When  the  food  has  been  sufficiently  masticated,  it  requires 
an  efibrt  to  prevent  the  act  of  swallowing.  In  this  respect,  the  movements  are  like  the 
acts  of  respiration,  except  that  the  imperative  necessity  of  air  in  the  system  must,  in  a 
short  time,  overcome  any  voluntary  offovt  by  which  respiration  has  been  arrested. 

The  second  period  of  deglutition  involves  more  complex  and  important  muscular 
action  than  the  first.  By  a  rapid  and  almost  convulsive  series  of  movements,  the  food  is 
made  to  pass  through  the  pharynx  into  the  oesophagus.  The  movements  are  then  entirely 
beyond  the  control  of  the  will,  and  belong  to  the  kind  usually  called  reflex.  After  the 
alimentary  mass  has  passed  beyond  the  isthmus  of  the  fauces,  it  is  easy  to  observe  a  sud- 
den and  peculiar  movement  of  elevation  of  the  larynx  by  the  action  of  muscles  which 
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usually  dopross  the  lower  jaw,  but  which  arc  now  acting  from  this  bone  as  the  fixed 
l>oint.  The  muscles  which  produce  this  movement  act  cliiefly  upon  the  liyoid  bone. 
They  are  the  digastric  (particularly  the  anterior  belly),  the  mylo-hyoid,  the  genio-hyoid, 
the  stylo-hyoid,  and  some  of  the  fibres  of  the  genio-glossus.  It  is  probable,  also,  that  tlio 
thyro-hyoid  acts  at  this  time  to  draw  the  larynx  toward  the  hyoid  bone.  With  this  ele- 
vation of  the  larynx,  there  is  necessarily  an  elevation  of  the  anterior  and  inferior  portions 
of  the  pharynx,  which  are,  as  it  were,  slipped  under  the  alimentary  bolus  as  it  is  held  by 
the  constrictors  of  the  isthmus  of  the  fauces. 

Contraction  of  the  constrictor  muscles  of  the  jjharynx  takes  place  almost  simulta- 
neously with  the  movement  of  elevation ;  and  the  superior  constrictor  is  so  situated  as  to 
grasp  the  morsel  of  food,  and  with  it  the  soft  palate.  The  muscles,  the  constrictors  act- 
ing from  the  median  raphe,  assist  to  elevate  the  anterior  and  inferior  walls  of  the  pharynx 
and  pass  the  food  rapidly  into  the  upper  part  of  the  oesophagus.  All  these  complex 
movements  are  accomplished  with  great  rapidity,  and  the  larynx  and  pharynx  are  then 
immediately  returned  to  their  original  position. 

Protection  of  the  Posterior  Wares  during  the  Second  Period  of  Deglutition.— 'When 
the  act  of  deglutition  is  performed  with  regularity,  no  portion  of  the  li(iuids  and  solids 
swallowed  ever  finds  its  way  into  the  air-passages.  The  entrance  of  foreign  substances 
into  the  posterior  nares  is  prevented  in  part  by  the  action  of  the  superior  constrictors  of 
the  pharvnx,  which,  as  we  have  seen,  embrace,  during  their  contraction,  not  only  the  ali- 
mentary mass,  but  the  velum  pendulum  palati  itself,  and  in  part,  also,  by  contraction  of 
the  muscles  which  form  the  posterior  pillars  of  the  soft  palate. 

During  the  first  part  of  the  second  period  of  deglutition,  the  soft  palate  is  slightly 
raised,  being  pressed  upward  by  the  morsel  of  food.  This  fact  has  been  observed  in  cases 
in  which  the  parts  have  been  exposed  by  surgical  operations,  and  its  mechanism  has  also 
been  observed  in  the  hutnan  subject,  by  Bidder  and  Kobelt.  In  one  case-that  of  a  young 
man  who  had  lost  the  superior  maxillary  bone,  as  well  as  the  ^^^7;-!^^. 
could  be  observed  from  its  superior  surface  ;  and,  at  each  movement  of  deg  utition,  the 
pakte,  which  is  naturally  inclined  downward,  became  more  horizontal  and  the  posteno 
wall  of  the  pharynx  came  forward  to  meet  it.  The  same  movement  of  the  Pt-ynx  was 
Tserved  by  Kobelt  in  the  case  of  a  soldier  who  received  a  severe  sabre-cut  m  he  neck 

While  tL  food  is  passing  through  the  pharynx,  tl^^  Palato-pharyngeal  mus^ 
form  the  posterior  pillars  of  the  soft  palate,  are  in  a  state  of  contract  on  by  ^  hic  the 
d^^s  of  the  pmars  are  nearly  approximated,  forming,  with  -"-^J^^^; 
almost  a  complete  diaphragm  between  the  postero-superior  ^^^  f''^''''^^^^^^^^ 
of  the  Dharvnx    This,  with  the  application  of  the  posterior  wall  of  the  phaiynx  to  tne 
le^r  facT  of  the    oft  palate,  completes  the  protection  of  the  postenor  opemngs  of 

Protection  of  the  Opening  of  the  Laryn.,  and  Uses  of  the  ^P^^<;^ ^^f^^^!;;^ 
The  entrance  oJ  the  smallest  ^^^^l^^^ZS^^T^co, 
produces  violent  and  distressing  cough.    This  accident  is  o  not  4 
Especially  when  an  act  of  inspiraUon  \^;1;:^^ZT:T^^ 
are  in  the  pharynx.    During  inspiration,  the  glottis  is  openea,  ami  Re«pira- 
a  substance  of  Ly  considerable  size  find  its  way  into  the  -P^'^J^^.J^^^^^^^^ 
tion  is  interrupted,  however,  during  each  and  every  act  of  deglutition. 
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theroforo,  be  Imrdly  any  tondoncy  at  tlmt  time  to  the  entrance  of  foreign  subBtances  into 
the  hwjnx.  During  a  regular  act  of  swallowing,  nothing  can  find  its  way  into  the  respir- 
atory passages,  so  complete  is  the  protection  of  the  larynx  during  the  period  when  the 
food  pusses  through  the  pharynx  into  the  oesophagus. 

The  situation  of  the  epiglottis  has  naturally  led  physiologists  to  attribute  to  it  great 
importance  in  preventing  the  entrance  of  particles  of  food  and  liquids  into  the  larynx.  It 
will  be  remembered  that  this  cartilaginous,  leaf-like  process  is  attached  to  the  anterior 
portion  of  the  larynx,  and  is  usually  erect,  lying  against  the  base  of  the  tongue.  In  the 
movements  of  the  tongue  and  larynx  incident  to  deglutition,  the  epiglottis  is  necessarily 
applied  to  the  superior  face  of  the  larynx  so  as  to  close  the  opening.  Although,  during 
deglutition,  the  glottis  is  covered  in  this  way,  it  is  necessary  to  study  closely  all  the  con- 
ditions which  are  involved  and  to  ascertain  what  is  the  actual  value  of  each  of  the  various 
means  by  which  entrance  of  foreign  bodies  into  the  air-passages  is  prevented,  for  this 
protection  is  accomplished  by  several  distinct  provisions. 

It  is  evident,  from  the  anatomy  of  the  parts  and  the  necessary  results  of  the  contrac- 
tions of  the  muscles  of  deglutition,  that,  while  the  food  is  passing  through  the  pharynx, 
the  larynx,  by  its  elevation,  passes  under  the  tongue  as  it  moves  backward,  and  the  soft 
base  of  this  organ  is,  as  it  were,  moulded  over  the  glottis.  "With  the  parts  removed  from 
the  human  subject  or  from  one  of  the  inferior  animals,  we  can  imitate  the  natural  move- 
ments of  the  tongue  and  larynx,  and  it  is  evident  that  this  provision  alone  must  be  suffi- 
cient to  protect  the  larynx  from  the  entrance  of  solid  or  semisohd  particles  of  food, 
particularly  when  we  remember  how  the  alimentary  particles  are  agglutinated  by  the 
saliva  and  how  easy  their  passage  becomes  over  the  membrane  coated  with  a  slimy 
mucus.  Experiments  on  the  inferior  animals  and  observations  upon  the  human  subject 
have  conclusively  settled  the  question  that  the  deglutition  of  all  articles,  except  liquids,  is 
generally  effected  without  difficulty  when  the  epiglottis  has  been  removed  or  lost  by 
accident  or  disease.  The  same  is  true  when,  in  addition,  the  intrinsic  muscles  of  the 
larynx  have  been  paralyzed  by  the  section  of  nerves,  or  even  when  closure  of  the  rima 
glottidis  is  forcibly  prevented.  It  has  been  shown,  however,  by  the  experiments  of 
Longet,  that,  when  the  larynx  is  in  part  prevented  from  performing  its  movement  of 
ascension,  the  deglutition  of  a  moist  mass  of  alimentary  matter  is  effected  with  difficulty 
and  is  followed  by  a  sharp  cough,  indicating  the  entrance  of  a  certain  quantity  of  foreign 
matter  into  the  air-passages. 

It  is  impossible  for  the  muscles  of  the  pharynx  to  contract  without  drawing  together 
the  sides  of  the  larynx,  to  which  they  are  attached,  and  assisting  to  close  the  glottis.  At 
the  same  time,  as  the  movements  of  respiration  are  arrested  during  deglutition,  the  lips 
of  the  glottis  fall  together,  as  they  always  do  except  in  inspiration.  This  fact  we  have 
repeatedly  observed  in  demonstrating  the  respiratory  movements  of  the  glottis;  for, 
when  the  larynx  is  thus  exposed,  the  animal  makes  frequent  efforts  at  deglutition.  In 
addition  to  this  passive  and  incomplete  approximation  of  the  vocal  chords,  it  has  repeat- 
edly been  observed  that  the  lips  of  the  glottis  are  accurately  and  firmly  closed  during 
each  act  of  deglutition. 

Longet  justly  attaches  great  importance  to  the  exquisite  sensibility  of  the  top  of  the 
larynx  in  preventing  the  entrance  of  foreign  substances.  His  experiments  of  dividing  all 
the  nervous  filaments  distributed  to  the  inti'insic  muscles  show  that  their  action  is  not 
essential.  But,  on  division  of  the  superior  laryngeal,'the  nerve  which  gives  sensibility 
to  the  parts,  he  found  that  liquids  occasionally  passed  in  small  quantity  into  the  trachea. 
This  is  attributed  to  the  want  of  sensibility  in  the  mucous  membrane  above  the  glottis: 
"for  the  animal  is  not  aware  in  time  of  the  presence  of  liquid  which  may  accidentally 
get  into  the  supra-laryngeal  cavity,  the  occlusion  of  the  glottis  is  sometimes  too  tardy 
and  does  not  take  place  until  after  the  passage  of  the  liquid ;  or,  again,  the  animal,  in- 
stead of  then  making  a  sudden  expiration,  makes  an  unseasonable  inspiration  which 
facilitates  the  introduction  of  the  foreign  substance  into  the  air-passages,  and  the  cough 
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does  not  take  place  until  this  is  already  in  contact  with  the  tracheal  or  Lronchial  mucous 
membrane."  These  experiments  strikingly  illustrate  the  conservative  function  of  the 
acute  sensibility  of  the  mucous  membrane  above  the  glottis.  No  foreign  substance  can 
find  its  way  into  the  air-passages  by  simply  dropping  into  the  cavity  situated  above  the 
vocal  cords  when  respiration  is  mterrupted,  but  can  only  enter  by  being  drawn  in  forcibly 
and  suddenly  with  an  act  of  inspiration,  when  the  glottis  is  widely  opened.  It  is  now 
well  known  to  the  practical  physician  that  direct  applications  cannot  be  made  to  the  in- 
terior of  the  larynx,  unless  an  instrument  be  suddenly  introduced  with  the  inspiratory  act; 
and,  at  this  time,  a  little  dexterity  will  enable  an  operator  to  introduce  bodies  of  consider- 
able size  below  the  vocal  chords. 

Before  the  experiments  of  Magendie,  in  1813,  physiologists  were  generally  of  the 
opinion,  judging  from  anatomical  relations,  that  the  epiglottis  had  the  function  of  pro- 
tecting the  larynx  from  the  entrance  of  particles  of  food  during  the  second  period  of  deg- 
lutition. Magendie  extirpated  the  entire  epiglottis  in  dogs  and  found  that  the  animals 
swallowed  liquids  and  solids  without  difficulty,  the  act  being  very  seldom  followed  by 
cough.  The  observations  on  deglutition  were  made  an  hour  after  the  removal  of  the 
epiglottis.  In  other  animals,  the  superior  and  inferior  laryngeal  nerves  were  divided, 
thus  paralyzing  the  muscles  of  the  glottis.  The  deglutition  of  liquids  especially  be- 
came difficult  and  was  followed  generally  by  cough.  As  the  result  of  these  observations, 
Magendie  came  to  the  conclusion  that  the  larynx  is  protected  during  deglutition  by  clos- 
ure of  the  glottis  itself. 

Although  the  experiments  on  animals  were  apparently  conclusive,  observations  on 
the  human  subject  have  been  cited,  in  which,  after  destruction  of  the  epiglottis  by  dis- 
ease, there  existed  persistent  difficulty  in  swaUowing  liquids.  As  numerous  pathological 
observations  of  this  character  have  been  reported,  the  question  could  not  be  regarded  as 
entirely  settled  by  the  researches  of  Magendie.  It  was  with  the  view  of  determmmg 
this  more  ri'rorously,  that  farther  experiments  were  instituted  in  1841,  by  Longet. 

In  investigating  this  question,  Longet  removed  the  epiglottis  from  six  dogs.  He  found 
that,  in  the  animals  kept  until  the  parts  were  perfectly  cicatrized,  more  or  less  cough 
followed  the  deglutition  of  liquids.  One  of  these  he  kept  for  six  months  and  found  that 
when  he  drank  milk  or  water  cough  never  failed  to  follow.  The  same  fact  was  no  ed  m 
three  of  the  animals  that  were  killed  on  the  nineteenth  day  and  in  one  that  was  killed 
on  the  thirtieth  day.  In  all,  the  complete  excision  of  the  epiglottis  was  verified  by  post- 
mortem  examination.  In  one  of  the  animals,  kiUed  two  days  after  the  operation,  that 
generaUy  swaUowed  liquids  without  coughing,  there  was  found  a  swelling  at  the  base  of 
the  tongue  which  projected  over  the  larynx. 

Several  cases  of  loss  of  the  epiglottis  in  the  human  subject  are  quoted  by  Longet  in 
support  of  his  view  that  this  part  is  necessary  to  the  complete  protection  of  the  air-pas- 
sages, particularly  in  the  deglutition  of  liquids.  Two  of  the  most  str.kmg  of  these  eases 
were  observed  by  Larrey,  in  Egypt.  One  of  these  was  the  case  °J  General  Murat  w^^^^ 
was  wounded  by  a  ball  passing  through  the  neck  from  one  angle  of  the  jaw  to  the  other, 
cutting  off  the  epiglottis,  which  was  expelled  by  the  mouth.  In  this  instance  the  diffi- 
culty fn  the  deglutition  of  liquids  was  so  great,  that  it  became  necessary  to  ntroduce 
Jhem  through  a  tube  passed  into  the  oesophagus.  In  the  other  case,  the  epiglott.  was 
entirely  removed  by  a  wound  and  was  preserved  and  presented  to  the  surgeon.  In 
rStance,  the  ifficulty  in  the  deglutition  of  liquids  was  even  g-ater  than  in  ^e 
former;  each  effort  at  swallowing  being  followed  by  convulsive  and  ^"^0;^*^^^^^^^^^^^^ 
This  difficulty  persisted  after  the  parts  had  become  completely  cicatrized.  thes^^^^^^^^ 
it  is  possible  that  the  injury  to  muscles  and  other  parts  ^oni  such  severe  wounds  m  g^^^ 
interfere  with  the  movements  of  the  larynx  or  the  closure  of  the  glottis  t^^^/'f^";^ 
deglutition.  In  a  case  in  which  the  epiglottis  had  ^^^tirely  sloughed  away  as  a  co^e 
quence  of  syphilitic  disease,  observed  by  Dr.  Austin  Flint,  the  ^^^"^^  I'^^'^Z'^l 
liquids,  although  sufficiently  well  marked,  was  by  no  means  so  great  as  m  the  cases  men 
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tioned  above.  The  difficulty  in  swallowing  was  noted  as  not  great,  but  the  patient  swal- 
lowed liquids  more  easily  than  solids.  The  difficulty  consisted  of  cough  and  loss  of  breath, 
as  the  patient  described  it.  It  was  less  when  articles  were  swallowed  while  the  patient 
was  in  the  recumbent  posture,  and  food  and  drink  were  habitually  taken  in  that  position. 
At  the  time  that  this  patient,  a  female,  was  in  the  Belle vue  Hospital  under  the  observa- 
tion of  Dr.  Flint,  the  deglutition  was  improving.  Dr.  Flint  noted  that,  after  she  had  been 
in  the  hospital  a  few  days,  on  causing  her  to  swallow  in  his  presence,  the  act  of  degluti- 
tion was  performed  with  a  certain  deliberation  but  without  difficulty.  An  examination 
of  the  parts  with  the  laryngoscope  was  made  by  Dr.  Church,  in  the  presence  of  Dr;  Flint 
and  Dr.  Dalton :  "  The  absence  of  the  epiglottis  was  determined  by  sight.  The  vocal 
chords  were  distinctly  seen.  The  little  excrescences  described  as  apparent  to  the  touch 
were  visible." 

In  the  case  just  described,  there  was  not  a  constant  and  considerable  difficulty  in 
deglutition;  but  it  is  stated  that  difficulty  had  existed,  undoubtedly  from  the  passage  of 
articles  into  the  larynx,  and  when  no  such  accident  took  place  the  act  was  performed 
with  a  "  certain  deliberation."  It  is  a  curious  fact,  also,  that,  when  the  difficulty  in  swal- 
lowing was  considerable,  deglutition  was  accomplished  most  easily  in  the  recumbent 
posture,  in  which  the  tendency  of  particles  of  food  to  pass  into  the  larynx  must  have  been 
much  lessened. 

While,  with  attention  on  the  part  of  the  subject,  the  larynx  may  frequently,  and  per- 
haps generally,  be  protected  from  the  entrance  of  foreign  substances  during  deglutition, 
after  loss  of  the  epiglottis  when  other  parts  are  not  affiscted,  a  study  of  the  numerous 
cases  of  this  lesion  as  the  result  of  disease  or  injury  shows  that  the  epiglottis  is  by  no 
means  so  inefficient  in  the  protection  of  the  larynx  as  was  supposed  by  Magendie.  Still, 
it  is  but  one  of  the  means  which  have  been  provided  for  this  end. 

Since  the  air-passages  have  been  so  fully  explored  by  means  of  the  laryngoscope,  this 
instrument  has  been  used  to  a  certain  extent  in  the  study  of  the  phenomena  of  degluti- 
tion. In  July,  1865,  a  note  was  presented  to  the  French  Academy  of  Sciences,  giving 
the  results  of  experiments  by  Dr.  Krishaber  on  the  mechanism  of  deglutition  as  studied 
by  autolaryngoscopy,  followed  by  a  note  on  the  same  subject  by  M.  H.  Guinier.  Dr. 
Krishaber,  as  the  result  of  his  observations,  gave  the  following  conclusions  : 

"  1st.  In  the  act  of  deglutition  the  alimentary  bolus  passes  in  one  of  the  pharyngeal 
grooves,  over  one  of  the  sides  of  the  epiglottis  tilted  by  the  elevation  of  the  larynx  ;  the 
bolus  thus  arrives  at  the  oesophagus  at  the  moment  when,  by  the  contraction  of  the  con- 
strictor muscles,  the  pharynx  is  shortened  and  brought  in  front  of  the  mass. 

"  2d.  The  deglutition  of  liquids  is  elfected  in  the  same  manner ;  these  passing,  how- 
ever, quite  frequently  upon  the  epiglottis  itself,  which  happens  very  rarely  with  solid  ali- 
ments. 

"  3d.  A  quantity— extremely  small,  it  is  true— of  Hquid  engages  itself  during  normal 
deglutition  around  the  border  of  the  epiglottis  and  moistens  the  mucous  membrane  of 
the  larynx  and  even  of  the  vocal  chords. 

"  4th.  In  gargling,  the  larynx  being  widely  opened,  a  larger  quantity  finds  its  way 
into  the  vocal  organ. 

"  5th.  An  alimentary  bolus  may  be  easily  tolerated  in  the  respiratory  passages ;  that 
is  to  say,  in  the  larynx,  as  far  as  the  vocal  chords  and  even  in  the  interior  of  the  trachea. 

"  6th.  The  Sensibility  of  the  trachea  to  the  impression  of  foreign  bodies  is  infinitely 
less  than  that  of  the  larynx. 

"  7th.  Hard  and  cold  bodies,  as,  for  example,  a  sound,  are  not  tolerated  in  the  respir- 
atory passages ;  while  any  soft  body,  which  can  adhere  to  the  mucous  membrane  and 
has  a  temperature  like  that  of  the  parts  touched,  is  easily  tolerated  in  the  respiratory 
passages  and  kept  in  the  trachea  many  minutes  without  producing  the  slightest  cough." 

These  observations  confirm  the  views  of  Longet  and  others  concerning  the  passage  of 
alimentary  substances  down  the  pharynx  by  the  sides  of  the  epiglottis ;  and,  in  that  case. 
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liquids  would  almost  certainly  pass  around  the  borders  in  quantity  sufficient  to  moisten 
the  mucous  membrane  below.  It  must  bo  remembered,  however,  that  the  sensibility  of 
the  air-passages  is  very  unequal  in  diff'orenf  persons,  and  that  it  may  be  considerably 
modified  by  education  of  the  parts.  This  should  make  us  besituto  to  accept  the  view 
that,  in  gargling,  the  larynx  receives  a  quantity  of  liquid,  and  that  an  alimentary  bolus 
may  be  tolerated  in  the  trachea  for  many  minutes  without  coughing. 

To  sum  up  the  mechanism  by  which  the  opening  of  the  larynx  is  protected  during  the 
deglutition  of  solids  and  liquids,  we  have  only  to  carefully  follow  the  articles  as  they  pass 
over  .the  inclined  plane  formed  by  the  back  of  the  tongue  and  the  anterior  and  inferior 
part  of  the  pharynx.  As  the  food  is  making  this  passage  in  obedience  to  the  contraction 
of  the  muscles  which  carry  the  tongue  backward,  draw  up  the  larynx,  and  constrict  the 
pharynx,  the  soft  base  of  the  tongue  and  the  upper  part  of  the  larynx  are  applied  to  each 
other,  with  the  epiglottis,  which  is  now  inclined  backward,  between  them ;  at  the  same 
time  the  glottis  is  closed,  in  part  by  the  action  of  the  constrictor  muscles  attached  to  the 
sides  of  the  thyroid  cartilages,  and  in  part  by  the  action  of  its  mtrinsic  muscles.  If  tlie 
food  be  tolerably  consistent  and  united  into  a  single  bolus,  it  slips  easily  from  the  back 
of  the  tongue  along  the  membrane  covering  the  anterior  and  inferior  part  of  the  phar- 
ynx •  but  if  it  be  liquid  or  of  little  consistence,  a  portion  takes  this  course,  while  another 
portion  passes  over  the  epiglottis,  being  directed  by  it  into  the  two  grooves  or  gutters  by 
the  side  of  the  larynx.  It  is  by  these  means,  together  with  those  by  which  the  posterior 
nares  are  protected,  that  all  solids  and  liquids  are  passed  into  the  oesophagus,  and  the 
second  period  of  deglutition  is  safely  accomplished. 

The  third  period  of  deglutition  is  the  most  simple  of  all.  It  involves  merely  contrac- 
tions of  the  muscular  walls  of  the  oesophagus,  by  which  the  food  is  forced  into  the  stom- 
ach The  longitudinal  fibres  shorten  the  tube  and  slip  the  mucous  membrane,  lubricated 
by  its  glairy  secretion,  above  the  bolus  ;  while  the  circular  fibres,  by  a  progressive  peri- 
staltic contraction  from  above  downward,  propel  the  food  ^^^^^^t  Matendt 
sage  of  food  down  the  oesophagus  was  for  the  first  time  closely  studied  by  Magendie, 
who  noted,  in  this  connection,  many  curious  and  important  facts.  In  numerous  expen- 
ments  on  the  lower  animals,  he  observed  that,  while  tteP-^taltie  contractions  ot  lie 
upper  two-thirds  of  the  tube  were  immediately  followed  by  a  relaxation,  which  contin- 
ZTm  the  next  act  of  deglutition,  the  lower  third  remained  contracted  ge-rally  o. 
about  thirty  seconds  after  the  passage  of  the  food  into  the  stomach.  Dunng  its  cont:  ac- 
tion this  part  of  the  oesophagus  was  hard,  like  a  cord  firmly  stretched.  This  .v  as  fol 
Tw  d  by  relaxation  ;  and  this  alternate  contraction  and  relaxation  con  mued  constant 
even  w/en  the  stomach  was  empty  althongh  ^^^^^^i:::^^-^ 

—erf  z 

roZ^nis    This  provision  is  undoubtedly  important  in  preventing  regurgitation  of  the 
r^enlfof  t'e  stolach,  especially  when  the  organ  is  exposed  to  preym^^^ 
tion  or  def^ecation.    We  have  already  noted  the  action  of  the  cruia  of  the  diapmag  , 
which  has  a  tendency  to  close  the  oesophageal  ''P--/^^"!^^^^^^^^^^  Magendie 

gendie  found  that  the  alimentary  bolus  sometimes  occupied  two  J'^  .,3 
'passage,  and  that  it  was  often 

though  we  were  ourselves  conscious  of  a  very  sl^'J^  P"J«'          °^  j,.^^ten  it ;  but 

and  not  infrequently  a  piece  of  bread  or  a  mouthful  of  l.qn>^  is  taken  o  ^^^^ 

it  is  not  probable  that  every  alimentary  bolus  '"'^^^^^f^J'^^  as  they 

oesophagus,  and  liquids  undoubtedly  are  swallowed  with  cons.deiable  lapiUitj, 
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can  soon  be  recognized  in  tlie  stomacli  by  their  temperature.  As  the  lower  part  of  tlie 
oesophagus  is  composed  chicHy  of  unstriped  muscular  fibres,  it  is  probable  that  hero  the 
contractions  are  more  gradual  than  in  the  upper  portions. 

As  we  have  already  had  occasion  to  remark,  the  muscular  movements  which  take  place 
during  all  the  periods  of  deglutition  are  peculiar.  The  first  act  is  generally  involuntary  from 
inattention,  but  it  is  under  the  control  of  the  will.  The  second  act  is  involuntary,  when 
once  commenced,  but  may  be  excited  by  the  voluntary  passage  of  solids  or  liquids  beyond 
the  velum  pendulum  palati.  It  is  impossible  to  perform  the  second  act  of  deglutition  un- 
less tliere  be  some  article,  either  solid  or  liquid,  in  the  pharynx.  It  is  easy  to  make  three 
or  four  successful  efforts  consecutively,  in  which  there  is  elevation  of  the  larynx  with  all 
the  other  characteristic  movements;  but  a  little  attention  will  show  that  with  each  act 
a  small  quantity  of  saliva  is  swallowed.  When  the  efforts  have  been  frequently  repeat- 
ed, the  movements  become  impossible,  until  time  enough  has  elapsed  between  them  for 
the  saliva  to  collect.  This  fact  we  personally  verified  before  writing  this  paragraph, 
and  it  was  demonstrated  to  be  due  to  the  absence  of  liquid ;  for,  immediately  after,  an 
ounce  of  water  was  swallowed  without  difficulty  by  sixteen  successive  movements  of 
deglutition.  This  experiment  also  shows  the  small  quantity  of  liquid  (only  half  a  drachm) 
necessary  to  excite  the  contraction  of  the  muscles  concerned  in  the  second  act. 

All  the  movements  of  deglutition,  except  those  of  the  first  period,  must  be  regarded  as 
essentially  reflex,  depending  upon  an  impression  made  upon  the  afferent  nerves  distrib- 
uted to  the  mucous  membrane  of  the  pharynx  and  oesophagus. 

The  position  of  the  body  has  little  to  do  with  the  facility  with  which  deglutition  is 
effected.  Liquids  or  solids  may  be  swallowed  indifferently  in  aU  postures.  B6rard  states 
that  a  juggler,  in  his  presence,  passed  an  entire  bottle  of  wine  from  the  mouth  to  the 
stomach,  while  standing  on  his  head.  The  same  feat  we  have  lately  seen  accomplished 
with  apparent  ease,  by  a  juggler  who  drank  three  glasses  of  beer  while  standing  on  his 
hands  in  the  inverted  posture. 

Deglutition  of  Air. — In  the  celebrated  essay  of  Magendie  on  the  mechanism  of  vom- 
iting, it  is  stated  that  as  soon  as  nausea  commenced  the  stomach  began  to  fiU  with  air,  so 
that,  before  vomiting  occurred,  the  organ  became  tripled  in  size.  Magendie  showed,  far- 
thermore,  that  the  air  entered  the  stomach  by  the  oesophagus,  for  the  distention  occurred 
when  the  pylorus  was  ligated.  In  a  subsequent  memoir,  the  question  of  the  deglutition 
of  air,  aside  from  the  small  quantity  which  is  incorporated  with  the  food  during  mastica- 
tion and  insalivation,  was  farther  investigated.  It  was  found  that  some  persons  had  the 
faculty  of  swallowing  air,  and,  by  practice,  Magendie  himself  was  able  to  acquire  it, 
although  it  occasioned  such  distress  that  it  was  discontinued.  Out  of  a  hundred  students 
of  medicine,  eight  or  ten  were  found  able  to  swallow  air. 

It  is  not  very  uncommon  to  find  persons  who  have  gradually  acquired  this  habit  in 
order  to  relieve  uncomfortable  sensations  in  the  stomach ;  and,  when  confirmed,  it  occa- 
sions persistent  disorder  in  the  process  of  digestion.  Quite  a  number  of  cases  of  this 
kind  are  reported  by  Magendie,  and  in  several  it  was  carried  to  such  an  extent  as  to  pro- 
duce great  distention  of  the  abdomen.  A  curious  case  of  habitual  air-swallowing  is  re- 
ported by  Dr.  Austin  Flint,  in  his  work  on  the  Practice  of  Medicine. 

Although  the  subject  of  air-swallowing  properly  belongs  to  pathology,  the  fact  that 
the  muscles  of  deglutition  are  capable,  in  some  individuals,  of  forcing  air  into  the  stom- 
ach, is  not  without  physiological  interest. 
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CHAPTER  VIII. 

STOMACH-DIGESTION. 


T>u  ,  ,  M  i„„nfn™v  of  thfiRtomacli-GIimaular  apparatus  in  the  Btomach-GaBtric  juice-Mode  of  obtaining  the  gas- 
Physiology  a  anatomy  of  h^^^^^  gaBtric  julce-Con,position  of  the  ,astric  juicc- 

tric  *^',t,"^^^  saUne  constituents  of  the  gastric  juice-Action  of  the  gastric 

^""Tnmrtiof  Con  tituen  B  n\rh^  the  activHy  of  the  gastric  juice  depends-Action  of  the  gastric  juice 
3u>ce  ,n  'l>f,'^^^\""-^°°'^f  ™°  gbrin,  caseine,  and  gelatine-Action  upon  vegetable  nitrogenized  pnnciples- 
upon  ■^'^■''^J^''^^.^^^™  g^^tric  juice  upon  fats-Action  upon  saccharine  and  amylaceous  prinop  es 

n"'"iT;f  tomach  digest  J-^^^^^  aliments  in  the  stomach-Action  of  the  gastric  jmcc 

-Duration  of  "'^^'^  ,vl,ieh  influence  stomach-digestion-Character  of  the  contractions 

upon  the  — -^^^^^^^  the  cardiac  and  in  the  pyloric  portion-Mechanism  of  the 

of  the  muscular  coat  ot  the  st"  ™^^  "  regurgitation  from  the  stomach-Eumiuation  iu  the  human  sub- 
^Z^^^.;^^:^^^^^^^  -  «^  vomitiug-Action  of  the  diaph^gm  in  vomiting- 
ActioJn  abdominal  muscles  in  vomitiug-Action  of  the  oesophagus  m  vom.ting-Eructation. 

Physiological  Anatomy  of  the  Stomach. 
The  most  dilated  portion  of  the  alimentary  canal,  in  man  is  the  stomach  I^t  serves 
the  double  purpose  of  a  receptacle  for  the  food  and  an  organ  m  which  cer  am  impoitant 
J^eS  presses  take  place.  It  is  situated  in  tl^^\"Pl- ^ts  iLTrm  i^^^o^^ 
and  is  held  in  place  by  folds  of  the  peritoneum  and  by  the  oesophagus.  Its  foim  is  not 
"sily  described.  It  has  been  compared  to  a  bagpipe,  which  it  --f 
wS  moderately  distended.  As  we  should  naturally  suppose  from  the  fact  that  the 
Tt  rach  ptiod  ally  receives  considerable  quantities  of  solids  and  hquids,  its  foi-m  and 
p:Si  rrTlject'to  great  variations.    When  ^^^X^^f^^,^^ 

or  oesophageal  opening  ;  and  a  pyloric  opemng,  which  leads  to  the  intestmai 

By  some,  the  fibrous  tissue  which  unites  the  mucons  to  the  musculai  coat  g 
a  distinct  covering  and  is  called  the  fibrous  coat. 

reritoneal  Coat.-TUs  is  simply  a  process  of  «3e  p^ito^-,  ^^^^J^ 
the  membrane  which  covers  the  other  abdommal  vise  ra.  ^  f  thin- 
brane  which  lines  the  general  abdominal  cavity  ^  ; -J^^ifpSoneum  is  from  ^ 
ner  than  it  is  on  the  walls  of  the  cavity.  Over  he  tomach  tii  P 
to  ^  of  an  inch  in  thickness.  It  belongs  to  be  class  o{j^l^-^^^l 
sistT^f  fibres  of  the  white  inelastic  tissue,  ^"^g^^'l  J?^*  ^/"^^  ,ery  abundantly 
fibres.    It  is  closely  adherent  to  the  f  J^;"^:  \  ^^^^  only  in  the 

supplied  with  pSfontm  is  everywl^ere  covered  with  regu 

subserous  structure.  The  suitace  oi  luc  y  ..■,„..a  or,ithelium,  close  y  adherent  to 
larly-polyg-.nal,  flattened  cells  P^^r^ooTh  su'S  w  iS  -oistened 
each  other  and  presenting  a  perfectly  smooth  ^^^^^^^  ^^.^  membrane  is 

with  a  small  quantity  of  watery  ^-^'^        ,;^;^JXpS^^  viscera,  so  as  to  allow 

to  present  a  smooth  surface  covering  the  ^^-^^^  "'^^""^^^^^^^  of  the  abdomen, 

of  free  movements  of  the  organs  over  each  other  and  agamst  the 

Muscular  ^oa.-Throughout  the  whole  of  ^t:^^;:^:''^^:Z^:J'^S 
opening  of  the  stomach  to  the  anus,  the  muscular  fibres  fo.mm. 
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tho  involuutary,  pale,  or  unstripcd  variety.  Tliese  fibres,  called  sometimes  muscular 
fibre-cells,  are  very  pale,  with  faint  outlines,  fusiform  or  spindle-shaped,  and  contain  each 
an  oval,  longitudinal  nucleus.  They  are  very  closely  adherent  by  their  sides,  and  are  so 
arranged  as  to  dovetail  into  each  other,  forming  sheets  of  greater  or  less  thickness, 
depending  upon  the  number  of  their  layers.  The  muscular  coat  of  the  stomach  varies  in 
thickness  in  difierent  animals.  In  the  human  subject,  it  is  thickest  in  the  region  of  the 
pylorus  and  is  thinnest  at  the  fundus.  Its  average  thickness  is  about  of  an  inch.  In 
the  pylorus,  it  is  from  -^-^  to  -jJg-  of  an  inch  thick,  and  in  the  fundus,  from  ^^-^  to     of  an  inch. 

The  muscular  fibres  exist  in  the  stomach  in  two  principal  layers ;  an  external,  longi- 
tudinal layer  and  an  internal,  circular  layer,  with  a  third  layer  of  oblique  fibres  extending 
over  the  great  pouch  only,  which  is  internal  to  the  circular  layer.  The  direction  of  the 
fibres  in  these  layers  can  generally  be  seen  in  a  stomach  which  has  been  dried  and  inflated. 
The  longitudinal  fibres  are  continued  from  the  oesophagus  and  are  most  marked  over  the 
lesser  curvature.  They  are  not  continued  very  distinctly  over  the  rest  of  the  stomach. 
The  circular  and  oblique  fibres  are  best  seen  when  the  organ  has  been  everted  and  the 
mucous  membrane  carefuUy  removed.  The  circular  layer  is  not  very  distinct  to  the  left 
of  the  cardiac  opening,  over  the  great  pouch,  but  in  other  parts  it  is  tolerably  regular. 
Toward  the  pylorus,  the  fibres  become  more  numerous,  and,  at  the  opening  into  the 
duodenum,  they  form  a  powerful  muscular  ring,  which  is  sometimes  called  the  sphincter 
of  the  pylorus,  or  the  pyloric  muscle.  At  this  point  they  project  considerably  into  the 
interior  of  the  organ  and  cease  abruptly  at  the  opening  into  the  duodenum,  so  as  to  form 
a  sort  of  valve,  presenting,  when  contracted,  a  flat  surface  looking  toward  the  intestine. 
The  oblique  layer  takes  the  place,  in  great  part,  of  the  circular  fibres  over  the  great 
pouch.  It  extends  obliquely  over  the  fundus  from  left  to  right  and  ceases  at  a  distinct 
line  extending  from  the  left  margin  of  the  oesophagus  to  about  the  junction  of  the  middle 
with  the  last  third  of  the  great  curvature.  This  anatomical  fact  is  interesting,  for  it 
is  at  about  the  point  where  the  oblique  layer  of  fibres  ceases  that  the  stomach  becomes 
constricted  during  the  movements  which  are  incident  to  digestion,  dividing  the  organ  into 
two  tolerably  distinct  compartments. 


Fio.  M.— Longitudinal  fibres  of  the  stomach.  (Snppoy.) 
.lesser  curvature;  2,  2,  greater  curvature ;  8,  greater  pouch ;  4,  lesser  poucli ;  5,  G,  6,  lower  end  of  the  resophasus  •  T  T 
pylorus;  8,  8,  longitudinal  Qbrus  at  the  lesser  curvature ;  9,  Jlhros  extending  over  the  greater  curvature •  10  io' 

:h:Xi';e7oT>:Sdi^^  '"^  --^hroWh 
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Tl.e  blood-vcsselB  of  tl.o  muscular  coat  are  quite  numorous  and  arc  arranged  iu  a 
peculiar,  rectangular  net-work,  which  they  always  present  in  tlie  non-stnated  muscular 
Ssue.  The  nerves  belong  chiefly  to  the  sympathetic  system  and  are  denmnstratod  with 
difficulty. 


Fig.  6o.-mres  seen  with  the  stomach  ewted.  (Sappey.) 


t^^^^o^ ^  t'heMe^'a'ic  beei  .-e-n^ovcd  to  show  the  suh^acent  crcu.ar  tibre. 


Mucous  ^...-Passing  from  the  esophagus  to  the  ^'^^^^^^^J.^^^^^^^ 

color.  In  some  of  the  inferior  animals,  as  the 
horse,  the  characteristic  membrane  of  the  oesoph- 
agus is  prolonged  into  the  stomach  and  forms 
a  large  white  zone  around  the  cardiac  openmg, 
with  abruptly-defined  edges,  contrasting  strong- 
I  ly  with  the  rest  of  the  lining  membrane  of  the 

stomach.  ,  .  ,  i 

The  mucous  lining  of  the  stomach  is  loosely 
attached  to  the  submucous  muscular  tissue  and 
is  thrown  into  large,  longitudinal  folds,  which 


become  effaced  as  the  organ  is  distended.  When 


the  muscular  coat  of  the  stomach  is  in  a  condi- 
tion of  cadaveric  rigidity,  the  longitudmal  fold- 
ino-  of  the  mucous  membrane  is  very  marked. 
If  "the  mucous  membrane  be  stretched  or  if  the 
stomach  be  everted  and  distended,  and  tlic 
mucus,  which  always  exists  in  greater  or  less 

 abundance  over  the  surface,  be  gently  removed 

under  a  stream  of  water,  the  membrane  will  be  found  m^ed  wit^  innumeraWe  p. 
ly^onal  pits  or  depressions,  enclosed  by  rulges  winch,  >°  ,f  i  are 

quite  regular.    These  are  best  seen  with  the  aid  of  a  simple  lens,  as  many 


Pio.  5C.-P«s  in  the  mucous  memhrane  qftU 
stmnach.  and  orifices  of  the  (/lands ,  mag- 
nified 20  diameters.  (Sappey.) 
1, 1, 1,'  2,  2,  2,  3,  pits  of  different  sizes ;  4,  5,  orifices 
of  the  gastriu  glands 
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quite  small.  Tlio  size  of  tlie  pits  is  very  variable,  but  the  average  is  about  of  an 
inch.  This  appearance  is  not  distinct  toward  the  pylorus ;  the  membrane  here  present- 
ing irregular,  conical  projections  and  well-marked  villi  resembling  those  found  in  the 
small  intestine.  The  surface  of  the  mucous  membrane  is  covered  with  columnar  or  pris- 
raoidal  epithelium,  the  cells  being  tolerably  regular  in  sliape,  each  with  a  clear  nucleus 
and  a  distinct  nucleolus. 

The  thickness  of  the  mucous  membi-ano  of  the  stomach  varies  in  diiferent  parts.  It 
is  usually  thinnest  near  the  oesophagus  and  thickest  near  the  pylorus.  Its  thinnest  portion 
measures  from  to  ^  of  an  inch ;  its  thickest  portion,  from  y\  to  -jV  of  an  inch ;  and 
the  intermediate  portion,  about      of  an  inch. 


Glandular  Apparatus  of  the  Stomach. — Extending  from  the  bottoms  of  the  i)its  in  the 
mucous  membrane  of  the  stomach  to  the  submucous  connective  tissue,  are  immense  num- 
bers of  racemose  glands.  These  are  generally  arranged  in  tolerably  distinct  groups,  sur- 
rounded by  fibrous  tissue,  each  group  belonging  to  one  of  the  polygonal  depressions. 
The  tissue  which  connects  the  tubes  is  dense  but  not  abundant.  Tliere  are  marked  dif- 
ferences in  the  anatomy  of  the  glands  of  the  stomach  in  different  parts  of  the  organ, 
which  are  particularly  interesting,  as  thej'  are  supposed  to  correspond  with  differences  in 
the  function  of  various  parts  of  the  mucous  membrane.  There  are,  indeed,  two  distinct 
varieties  of  glands;  the  gastric  glands,  found  throughout  the  organ,  except  in  the  pyloric 
portion,  and  the  mucous  glands  found  chiefly  in  the  pyloric  portion,  with  a  few  scattered 
irregularly  through  the  other  portions  of  the  mucous  membrane.  These  demand  special 
consideration,  as  the  former  are  supposed  to  secrete  the  gastric  juice  and  are  active  only 
during  digestion,  while  the  latter  secrete  a  glairy  mucus,  which  is  not  produced  specially 
during  digestion  and  which  has  no  distinct  digestive  function  w'ith  which  we  are  ac- 
quainted. 

Gastric,  or  Peptic  Glaiids— These  glands  are  found  throughout  the  entire  extent  of 
the  mucous  membrane  of  the  stomach,  except  around  the  pyloric  orifice  and  in  the  lesser 
pouch.  In  the  human  subject,  their  distribution,  as  compared  with  that  of  the  mucous 
glands,  is  much  wider  than  in  most  of  the  inferior  animals.  They  vary  in  their  length 
with  the  variations  in  the  thickness  of  the  mucous  membrane.  Recent  researches  have 
shown  that  all  of  these  glands  are  racemose.  They  present,  in  the  upper  fourth  or  fifth  of 
their  length,  a  single  tube,  lined  by  a  continuation  of  the  columnar  epithelium  covering  the 
surface  of  the  mucous  membrane.  Below  this,  they  divide  into  several  branches,  pri- 
mary and  secondary,  and  are  lined  with  rounded  cells  of  glandular  epithelium,  having  the 
appearance  of  simple  racemose  glands.  Tlie  cells  lining  the  branching  tubes  are  some- 
times called  peptic  cells.  They  each  have  a  nucleus  and  a  nucleolus,  contain  numerous 
granules,  and  are  about  -jj^  of  an  inch  in  diameter.  This  is  the  general  character  of  the 
glands  in  the  greater  part  of  that  portion  of  the  mucous  membrane  which  secretes  the 
gastric  juice.  They  readily  undergo  post-mortem  alteration,  and,  in  the  .Jauman  subject, 
are  only  to  bo  seen  satisfactorily  in  the  fresh  stomachs  of  subjects  Wo  have  died  sud- 
denly, having  previously  been  in  a  condition  of  perfect  health. 

Mucous  Glands.— l!J ear  the  pyloric  extremity  of  the  stomach  and  in  the  lesser  pouch,  ■ 
where  the  mucous  membrane  is  decidedly  paler  than  over  the  rest  of  the  organ,  the 
character  of  the  glands  is  peculiar.  As  a  rule,  the  glands  in  these  situations  are  com- 
pound; but  they  do  not  present  more  than  two  or  tln-ee  divisions  until  they  have  passed 
tlirougli  about  one-half  of  the  thickness  of  the  mucous  membrane,  when  they  break  up 
into  numerous  small  secondary  tubes.  The  important  peculiarity  of  these  glands  is 
that  they  are  lined  throughout  with  columnar  epithelium  and  are  everywhere  deprived 
of  the  cells  found  in  the  trne  peptic  glands.  The  structure  of  the  glands  from  different 
portions  of  the  stomach  is  shown  in  Fig.  57. 

Gloscd  Follicles.— In  the  substance  of  the  mucous  membrane,  between  the  tubes  and 
near  their  ccecal  cxtremitie.'.,  are  occasionally  found  closed  follicles,  like  the  solitary  glands 
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and  patches  of  Peyer  of  the  intestines.  These  arc  not  always  present  in  tlie  adult,  but 
are  generally  found  in  children.  They  are  usually  most  abundant  over  the  greater  curva- 
ture, though  they  may  be  found  in  other  situations.  In  their  anatomy  they  are  identical 
with  the  closed  follicles  of  the  intestines  and  do  not  demand  special  consideration  m  this 
connection. 


C  Mucous  gland  from  the  pyloric  portion .  1,  excretory  cana. ,  , 
'   4,  4,  4,  small,  terminal,  racemose  glanas. 

Gastric  Juice. 
At  the  present  day  it  seems  profitless 
digestive  fluid  in  the  stomach  ;  f  — ^of  dt  ol^^^^^^^^^^^  of  food  have 

the  possibility  of  the  existence  ^^^/ll^f^^S  ,f  ,,ost  important  physiological 
only  an  historical  interest.    Our  defimte         f  f ^  .  p,  Beaumont  on  Alexis 

pi-o'perties  of  this  fluid  dates  from  the  ^^^^l^'^^^^^^^^^  tS  lmach.  These 

St.  Martin,  the  Canadian  who  had  a     g  ^P^^^^^^  ^  ,f  .ears. 

upon  the  case  of  St.  Martin  gave  an  impulse  *;J;^y,  !  5^,°  3^  „ated.  The  fact  that  Dr. 
the  way  in  which  the  action  of  the  gastric  .1  nice  could  ^^at;,';;^  of  food 

Beaumont  noted  the  action  of  human  gastric  jmce  upon  an  i         .  ^^^^^ 

,inod  from  the 

enabled  physiologists  to  compare  with  it  the  properties  of  the 
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laferior  animals,  an  indisjiensable  condition  in  the  study  of  the  digestive  fluids.  In  1843, 
Blondlot  published  a  treatise  on  digestion,  in  which  ho  gave  the  results  of  experiments 
on  dogs  with  fistulous  openings  into  the  stomach.  This  observer  is  generally  spoken  of 
as  the  first  to  obtain  the  gastric  juice  by  the  estabhshment  of  a  fistula  into  the  stomach 
in  the  inferior  animals ;  but  Longet  states  that,  in  December,  1842,  Dr.  Bassow  read  a 
paper  before  the  Imperial  Society  of  Natii,ralists  of  Moscow,  which  was  published  in  the 
Bulletin  for  that  year,  in  which  he  gave  an  account  of  a  number  of  successful  attempts 
to  establish  gastric  fistulte  in  dogs.  In  the  animals  operated  upon  by  Bassow,  tlie 
fistula  was  not  kept  open  by  a  canula,  and  he  was  much  annoyed  by  its  tendency  to 
•close.  There  is  no  reason  to  suppose  that  Blondlot  was  aware  of  the  experiments  of 
Bassow,  which,  as  Longet  remarks,  were  little  known  to  physiologists  and,  as  far  as  we 
are  aware,  were  not  quoted  in  works  on  physiology  before  the  publication  of  Longet's 
treatise,  in  1861.  With  some  slight  modifications  in  the  operative  procedm-e,  the  method 
of  Blondlot  is  the  one  now  in  common  use. 

The  establishment  of  a  permanent  gastric  fistula  is  now  one  of  the  simplest  and  most 
common  of  the  physiological  experiments.  •  The  dog  is  the  animal  generally  used ;  and, 
from  the  fact  that  he  is  not  very  subject  to  peritonitis,  the  operation  almost  always  ends 
in  recovery,  and  the  animal  can  be  trained  so  that  the  juice  may  he  obtained  in  quantity 
and  with  great  facility.  The  operative  procedure  which  we  have  found  most  convenient 
is  the  following : 

It  is  best  to  choose  a  dog  of  medium  size,  young,  but  nearly,  if  not  entirely  fuU  grown, 
in  perfect  health,  and  of  good  disposition.  Bringing  the  animal  under  the  influence  of 
ether,  he  is  to  be  held  firmly  on  the  back,  and  an  incision 
about  two  inches  in  length  is  made  in  the  median  line  into  the 
abdominal  cavity.  This  incision  should  be  commenced  from 
half  an  inch  to  an  inch  below  the  ensiform  cartilage.  Intro- 
ducing the  finger  into  the  abdominal  cavity,  the  stomach  can 
readily  be  felt,  especially  if  it  be  moderately  distended ;  and, 
with  a  pair  of  hooked,  or  bull-dog  forceps,  that  portion  of  the 
stomach  nearest  the  wound  may  be  seized  and  drawn  out  of 
the  abdomen.  It  is  important  to  make  the  fistula  into  that 
portion  of  the  anterior  wall  of  the  stomach  which  is  nearest 
the  wound,  in  order  to  avoid  disturbance  in  the  position  of  the 
viscera;  and  the  organ  is  in  the  most  favorable  position  for 
the  operation  if  it  be  moderately  distended  with  food. 

A  portion  of  the  stomach  being  drawn  out  of  the  abdomen, 
a  slit  is  made  parallel  to  the  longitudinal  fibres,  just  large 
enough  to  admit  the  canula. 

A  silver  canula,  about  an  inch  and  a  quarter  in  length,  half 
an  inch  in  diameter,  and  provided  with  a  straight  rim  or  flange 
at  each  end  about  half  an  inch  in  width,  is  now  introduced  into 
the  stomach  and  firmly  secured  in  place  by  a  ligature  sur- 
rounding it  and  passed  in  and  out  through  the  coats  of  the 
stomach  near  the  lips  of  the  wound,  like  the  string  of  a  purse. 
This  canula  may  be  single  or,  as  suggested  by  Bernacd,  double, 
one  half  screwing  into  the  other  so  that  it  may  be  elongated  to 
twice  the  length  it  has  when  closed.  This  is  somewhat  con- 
venient, as  the  tube  may  be  introduced  elongated,  and,  when 
the  swelling  of  the  parts  has  subsided,  it  may  be  shortened  by  a 
key,  so  as  not  to  project  beyond  the  abdominal  walls. 

After  the  canula  has  been  firmly  fixed  in  the  stomach,  the 
tube,  with  one  of  its  flanged  ends  projecting,  should  be  drawn  to  the  upper  part  of  the 
opening  in  the  abdomen,  and  the  wound  closed  by  sutures  passed  through  the  integument, 
muscles,  and  peritoneum. 


Fig.  Z%.—  Tuh6  for  gastric  fis- 
tula. (Beraard.) 

A,  B,  section  of  tlie  silver  tube 
pRrtly  unscrewed;  C,  projec- 
tion to  receive  tlio  koy  used 
in  turning'  tlie  screw ;  D,  head 
of  tlie  key;  E,  extremity  of 
tlie  tube. 
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Fig.  W.—Gastnc  fistula.  (Bernard.) 
E  Btomach:  D,  duodenum ;  M,  muscles  of  the  abdomen,  di- 
'  vided;  O,  opening  of  the  fistula. 


The  dog  will  generally  out  on  the  second  or  third  day  after  the  operation  ;  and  pento- 
nitis-asido  from  the  intlamrnatory  action  which  agglutinates  the  stomach  at  tlie  site  oi 
the  operation  to  the  walls  of  the  abdomen-rarely  follows.  It  is  best  to  feed  the  ammal 
sparingly  a  short  time  before  operating,  as  there  is  some  difficulty  in  seizmg  the  stomach 
when  it  is  entirely  empty.  j  u  • 

Having  established  a  permanent  fistnla  into  the  stomach,  alter  the  wound  has  cica- 
trized ai-ound  the  canula,  the  animal  suffers  no  inconvenience  and  may  serve  indeh- 

nitely  for  experiments  on  the  gastric 
juice.  Many  physiologists  have  been  in 
"the  habit  of  exciting  the  flow  of  this 
fluid  by  the  introduction  into  the  stom- 
ach of  pieces  of  tendon  or  hard,  indi- 
gestible articles,  on  the  ground  that  the 
fluid  taken  from  the  fistula,  under  these 
oircum-stances,  is  unmixed  with  the  pro- 
ducts of  stomach-digestion ;  but  it  has 
heen  shown  that  the  quantity  and  char- 
acter of  the  juice  are  influenced  by  the 
nature  of  the  stimulus  which  causes  its 
secretion,  and  it  is  proper,  therefore,  to 
excite  the  action  of  the  stomach  by  ar- 
ticles which  are  rehshed  by  the  animal. 
For  this  purpose,  lean  meat  may  be 
given,  cut  into  pieces  so  small  that  they 
will  be  swallowed  entire,   and  first 
thrown  into  boiling  water  so  that  their  exterior  may  become  somewhat  hardened.  The 
forlMs  then  removed  from  the  tube,  which  is  freed  from  mucus  and  wh  n 

the  gastric  juice  will  begin  to  flow,  sometimes  immediately 
and  sometimes  in  from  three  to  five  minutes  after  the  food 
has  been  taken.  It  flows  in  clear  drops  or  in  a  smal  stream 
for  about  fifteen  minutes,  nearly  free  from  the  products  of 
digestion.  At  the  end  of  this  time  it  is  generally  accom- 
panied with  grumous  matter,  and  the  experiment  should 
be  concluded  if  it  be  desired  simply  to  obtain  the  pure  se- 
cretion. In  fifteen  minutes,  from  two  to  three  ounces  of 
fluid  may  be  obtained  from  a  good-sized  dog,  which,  when 
filtered,  is  perfectly  clear ;  and  this  OP^^^^  ^^.^  ^^J^^ 
peated  three  or  four  times  a  week  withou  -  -fermg  wi  h 
?he  quality  of  the  secretion  or  injuring  the  health  of  the 

"'llthough  instances  of  gastric  fistula  in  the  Imman  sub_^ 
iect  had  been  reported  before  the  case  of  S  .  Mai  m  and 
.lectnaaueeu  1  _  f>,nt  time  the  remarkably  healthy 
bnvo  been  observed  since  tnat  imie,  bin. 

o;ditn  o^f  the  subject  and  the  -tended  expenu^^^^^^ 
.so  competent  and  conscientious  an  °1;77;\.  J  J^.  jfl^^^ 
mont  have  rendered  this  case  memorable  in  the  hi.toiT  ot 
lys  ology.  It  i«  undoubtedly  the  fact  that  this  is  the  only 
Snce'on  record  in  which  pure,  normal  ."J- juice  a 

been  obtained  from  the  J— ^^^^^^^^  of 
most  important  purpose  as  the  staiiaaraioi  i 

F„,  c().-/>«f/  vuh  „  aa^Mo  fistula,   tails  of  this  casc,  condensed  ti  om  tlie  monofc  i 
(Bcdard.)  rnnnt  are  briefly  the  following: 

monc,  aic  ui  u.  j  Amer  can  Fur  Company, 

Alexis  St.  Martin,  a  Canadian  .oyagevr  in  the  service  of  .the  America 
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eighteen  years  of  age,  of  good  constitution  and  perfectly  healthy,  was  wounded  in  the 
left  side  by  the  accidental  discharge  of  a  gun  loaded  with  duck-shot.  The  wound  was 
received  on  the  6th  of  June,  1822,  and  the  muzzle  of  the  gun  was  not  more  than  a  yard 
distant  from  the  body.  The  contents  of  the  gun  entered  posteriorly,  carrying  away 
integument  and  muscles  from  a  space  the  size  of  the  hand,  with  the  anterior  half  of  the 
sixth  rib,  fracturing  the  fifth  rib,  lacerating  the  lower  portion  of  the  left  lobe  of  the 
lung  and  the  diaphragm,  and  perforating  the  stomach.  The  patient  was  seen  by  Dr. 
Beaumont  twenty -five  or  thirty  minutes  after  the  accident,  when  the  above  facts  were 
noted,  and  an  opening  into  the  stomach  was  discovered  large  enough  to  admit  the  fore- 
finger. Extensive  sloughing  took  place,  and  for  seventeen  days  every  thing  that  was 
swallowed  passed  out  at  the  wound,  and  nourishment  was  administei-ed  by  the  rectum. 
In  the  spring  of  1824,  the  wound  had  cicatrized,  and  the  patient  had  perfectly  recovered 
his  health  ;  but,  in  the  process  of  cure,  seven  pieces  of  cartilage  had  come  away,  and  three 
or  four  inches  of  the  sixth  rib,  with  about  half  of  the  lower  edge  of  the  fifth  rib,  had  been 
removed  by  an  operation.  The  perforation  into  tlie  stomach  was  irregularly-circular  in 
form  and  about  two  and  a  half  inches  in  circumference.  This  opening  was  closed  by  a 
protrusion  of  the  mucous  membrane  of  the  stomach  in  the  form  of  a  valve,  which  could 
readily  be  depressed  by  the  finger  so  as  to  expose  the  interior  of  the  organ.  This  valve 
eflfectually  prevented  the  discharge  of  the  contents  of  the  stomach,  which  had  annoyed 
the  patient  previous  to  the  winter  of  1823-'24. 
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Fig.  nil.— Gastric  fistula  in  the  case  of  St.  Martin.  (Beaumont.) 
A,  ^V,  xV,  B,  borders  of  the  openiDg  into  the  stomach ;  C,  loft  nipple ;  D,  chest ;  E,  cicatrices  from  the  -n-ound  made 
for  the  removal  of  a  piece  of  cartilage;  F,  P,  F,  cicatrices  of  the  original  wound. 

From  May,  1825  until  August  of  the  same  year,  St.  Martin  was  under  the  observation 
of  Dr.  Beaumont  and  submitted  to  numerous  experiments.  At  the  end  of  that  time,  he 
returned  to  Canada  and  was  lost  sight  of  for  four  years,  during  which  time  he  married 
and  became  the  father  of  two  children,  "  worked  hard  to  support  his  family,  and  enjoyed 
robust  health  and  strength."  He  then  came  again  under  the  observation  of  Dr.  IBeau- 
mont  and  continued  in  his  .service,  doing  the  work  of  a  common  servant,  until  March, 
1831.^  After  this  he  was  under  observation  from  time  to  time  until  1836  ;  all  this  time 
enjoying  perfect  health,  with  good  digestion,  and  having  become  the  father  of  several 
more  children.    The  la'^t  published  observations  made  upon  this  case  were  in  1S5G. 

The  following  was  the  method  employed  by  Dr.  Beaumont  in  extracting  the  juice : 
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The  subject  was  placed  on  the  right  side  in  the  rocu7nbent  posture,  the  valve  was  de- 
pressed witbin  the  aperture,  and  a  gum-elastic  tube,  of  the  size  of  a  large  qu.ll,  was 
passed  into  the  stoiuach  to  the  extent  of  five  or  six  inches.  On  turning  him  upon  the  left 
side  nntil  the  opening  became  dependent,  the  stimulation  of  the  tube  caused  the  secretion 
to  flow,  sometimes  in  drops  and  sometimes  in  a  small  stream.  The  quantity  o  timd  or- 
dinarii;  obtained  was  from  four  drachms  to  an  ounce  and  a  haU.  The  nsual  time  for 
collecting  the  juice  was  early  in  the  morning,  before  he  had  eaten  It  was  remarked 
that  under  tliese  circumstances  there  was  never  an  accuumlation  of  gastric  juice  m  the 
stomach,  and  its  flow  was  only  excited  by  the  stimulus  of  the  tube.    It       a^-'JP-  ; 

edly  observed  that  the  introduction  of  alimentary  principles,  while  the  tube  was  in  the 

stomach  produced  an  almost  instantaneous  increase  in  the  flow. 

Thanks  to  these  opportunities  for  observing  the  action  of  the  human  stomach,  followed 

by  the  experiments  of  Blondlot  and  others  on  the  inferior  animals,  now  so  common 

physiologists  have  become  pretty  well  acquainted  with  the  phenomena  which  attend  the 

secretion  of  the  gastric  juice. 

Secretion  of  the  Oastric  Juice.^As  the  earlier  observers  were  unacquainted  witl.  the 
laws  which  regulate  the  production  of  secreted  fluids  as  d.stmguished  rom  tho^^;  -^ 
contafn  oBly  elcrementitlous  principles,  their  ideas  concerning  the  secretion  of  the  gastuc 
contain  oniy  exu  .  .^L  One  of  the  most  important  facts  developed  by  Beau- 
j..ce  stomach'is  only  produced  in  obedience  to 

reltimulus  f  td  dulg  ti  natural  process  of  digestion.  Eecent  advances  in  physio- 
t  i  rct^s  ry  h  ve  enabled  experimenters  to  correct  many  errors  m  observations 

is  constantly  covered  with  a  very  tnin,  wduo^.  ,  introduction 
,i„..  of  tb.  orga.      0.  ';3>:— elTi  J— eT  a^d  .ur^ia  .Hh 

of  food,  the  membrane  changes  its  appeaiance.  which  are  in  reality,  drops 

blood;  small  penucid  points  begin  to  appea^^^^^^ 

of  gastric  juice ;  and  these  gradually  '^'\'^lll''^''J^  ,f  ,  strongly  acid  reaction, 
sides  in  small  streams.  The  membrane  ^^/^/^T^^^^  T  J  thin  latery  fluid  thus 
while  at  other  times  it  -  -tber  neutral  o^^^^^^^  Th;  coin  a  cLr  fluid  at 

produced  is  the  true  gastric  juice.    ^  ^  ^^-^         does  not  possess  the 

other  times,  this  is  generally  abnormal,  is  ^^ly  a^^^^^^^^  It  has  been  shown  by 
marked  solvent  properties  charac  eristic  of  ^^^'^^^^^^^^^^^^  ^  experiments  on  the 
Beaumont,  and  his  observations  ^^-^  l?^^^;;!?^^!^^^^^^^^^  possesses  the 

inferior  animals,  that  the  gastric  juice  is  s  creted  -  ^eat  s  qua^  _^y ^  the'stomach  by 
most  powerful  solvent  properties,  ^^^-^f  piroumstances  the  stimulation  of  the 

the  natural  process  of  deglutition.  ^-^-^JLTar  om  he  entire  surface  capable 
mucous  membrane  is  general,  and  secretion  *  gum-elastic  tube  used  in 

of  producing  the  fluid.    When  any  foreign  "^^f  ^fj^^^^'i^a^.e  flow  of  fluid  is  com- 
collectmg  the  juice,  is  introduced,  the  stimulation  ^  l°;;^'^^"%^^,,i,tely  secreted  on 
paratively  slight.    It  has  been  also  observ  d  ^^^"^^  ^^^^^^^^^         than  when  food  has 
the  introduction-of  food,  after  a  long  fast,  is  always  mucli  giea 
been  taken  after  the  ordinary  interval.  ^.j^i,^ 

secretion  is  likewise  excited  by  some  of  the  vegetable  bitters  ^^^.^.^^  ^^^^ 

Impressions  made  on  the  nerves  o  gus  t,-  hav  a  mai  ^^^^  ^^^^  ^^^^^^  .^^^^^^^^^^ 
action  of  the  mucous  membrane  of  the  stomacu. 
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into  the  stomach  of  a  dog  by  a  fistula,  producod  a  flow  of  juice  much  less  abundant  than 
when  the  same  quantity  was  taken  by  the  mouth.  To  convince  himself  that  this  did  not 
depend  upon  the  want  of  admixture  with  the  alkaline  saliva,  he  mixed  the  sugar  with  saUva 
and  passed  it  in  by  the  fistula,  when  the  same  difference  was  observed.  It  is  a  curious 
fact  that,  in  some  animals,  particularly  when  they  are  very  hungry,  the  sight  and  odor 
of  food  will  induce  secretion  of  gastric  juice. 

The  gastric  juice  is  probably  one  of  the  most  sensitive  of  the  secreted  fluids  to  dis- 
turbing influences.  It  was  remarked  by  Beaumont  that  a  febrile  condition  of  the  system, 
the  depression  resulting  from  an  excess  in  eating  and  drinking,  or  even  purely  mental 
conditions,  such  as  anger  or  fear,  vitiated,  diminished,  and  sometimes  entirely  suppressed 
secretion  by  the  stomach.  At  some  times  the  mucous  membrane  became  red  and 
dry,  and  at  others  it  was  pale  and  moist.  In  such  morbid  conditions,  it  is  stated  that 
drinks  were  immediately  absorbed,  but  that  food  remained  in  the  stomach  undigested  for 
twenty-four  or  forty-eight  hours. 

The  influence  of  the  nervous  system  on  the  secretion  of  gastric  juice,  exerted  particu- 
larly through  the  pneumogastric  nerves,  is  very  marked  and  important,  but  its  considera- 
tion belongs  properly  to  the  section  on  the  nervous  system. 

After  the  food  has  been  in  part  liquefied  and  absorbed  and  in  part  reduced  to  a  pulta- 
ceous  consistence,  the  secretion  of  gastric  juice  ceases ;  the  movements  of  the  stomach 
having  gradually  forced  that  portion  of  the  food  which  is  but  partially  acted  upon  in  this 
organ  or  is  digested  only  in  the  small  intestines,  out  at  the  pylorus.  The  stomach  is  thus 
entirely  emptied,  the  mucous  membrane  becomes  pale,  its  reaction  loses  its  marked  acid 
character  and  becomes  neutral  or  faintly  alkaline. 

Secretion  in  Different  Parts  of  the  Stomach. — The  diflferences  already  noted  in  the 
anatomy  of  the  mucous  membrane  of  the  stomach  in  diiferent  parts  of  the  organ  point 
to  the  important  question  of  a  possible  difierence  in  the  physiological  action  of  the  secre- 
tions of  different  parts,  particularly  the  pyloric  portion  and  the  rest  of  the  general  surface. 
We  can  learn  but  little  that  is  definite  with  regard  to  this  point  from  observations  on 
the  inferior  animals,  unless  they  be  confirmed  in  the  human  subject.  The  observations, 
however,  of  Kolliker,  GoU,  and  Bonders,  on  the  pig,  are  very  satisfactory,  and  subse- 
quently they  were  fully  confirmed  as  regards  the  human  subject.  It  is  well  known  that  an 
acidulated  infusion  of  the  mucous  membrane  of  the  stomach  possesses,  if  properly  pre- 
pared, all  the  digestive  properties  of  the  true  gastric  juice,  and  that  this  is  not  the  case 
with  similar  infusions  of  the  mucous  membrane  from  any  other  parts.  Kolliker,  in  ex- 
periments on  artificial  digestion  made  in  conjunction  with  Dr.  Goll,  "  on  the  gastric  mu- 
cous membrane  of  the  pig,  clearly  showed  that  the  two  kinds  of  glands  entirely  differ  in 
respect  of  their  solvent  power  ;  inasmuch  as  those  with  the  round  cells  dissolved  acidu- 
lated coagulated  protein-compounds  in  a  very  short  time  ;  those  with  cylindrical  epithe- 
lium, on  the  contrary,  either  did  not  operate  at  all,  or  produced  a  slight  efi"ect  only  after 
a  longer  period."  The  same  author  farther  states  that  these  observations  were  confirmed 
by  Bonders  and  himself  in  the  human  stomach. 

Although  the  character  of  the  secretion  in  different  parts  of  the  stomach  is  not  the 
same  in  all  anunals,  it  must  be  admitted  that,  in  man,  the  mucous  membrane  of  the  stom- 
ach, in  what  is  called  the  pyloric  zone,  does  not  secrete  the  true,  acid,  solvent,  gas- 
tric juice.  In  other  words,  this  fluid  is  produced  only  in  those  portions  of  the  stomach 
m  which  the  mucous  membrane  is  provided  with  tubes  lined  with  cells  of  glandular  epi- 
thelium, or  what  have  been  called  the  .stomach-cells. 

In  most  of  the  modern  works  on  physiology,  allusion  is  made  to  the  probable  quantity 
of  gastric  juice  secreted  in  the  twenty-four  hours.  The  estimates  on  this  point  can  be 
only  approximative,  even  in  the  inferior  animals,  and  they  give  no  definite  information 
concerning  the  normal  quantity  in  the  human  subject.  Bidder  and  Schmidt,  Lehmann, 
Corvisart,  and  others,  have  made  calculations  of  the  probable  quantity,  either  by  collect- 
ing the  juice  for  a  certain  time  and  multiplying  the  quantity  thus  obtained  by  a  number 
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to  represent  the  wl.olo  twenty-four  hours,  or  by  ascertaining  the  amount  of  fluid  requn-ed 
to  di-cst  n  certain  weight  of  food  and  estimating  from  this  the  quantity  necessary  to  dis- 
pose of  all  the  food  taken  during  the  day.  Both  of  these  methods  are  manifestly  incor- 
rect In  the  first,  the  intermittency  of  the  secretion  is  not  taken  into  account ;  and,  in 
the  second,  it  is  incorrectly  assumed  that  digestion  out  of  the  body  is  accomplished  pre- 
cisely as  it  takes  place  in  the  stomach. 

Dr  Beaumont  was  sometimes-  able  to  collect,  in  from  ten  to  fifteen  mmutes,  two 
ounces  of  pure  gastric  juice,  simply  by  the  stimulation  produced  by  the  gum-elastic 
catheter  used  in  the  operation  ;  but  he  expressly  states  that,  in  this  case,  only  a  part  of  the 
mucous  membrane  is  excited  to  secretion,  while  the  flow  is  very  much  increased  by  the 
introduction  of  food  by  the  mouth,  which  produces  a  general  excitation  of  the  secreting 
membrane  Estimates  like  those  of  Bidder  and  Schmidt,  which  put  the  quantity  of  gas- 
tric juice  secreted  in  twenty-four  hours  by  a  healthy  man  of  ordinary  size  at  six  thou- 
sand four  hundred  grammes,  or  about  fourteen  pounds,  are  probably  not  exaggerated, 
although  they  are  of  necessity  merely  approximative. 

The  enormous  quantity  of  fluid  daily  secreted  by  the  mucous  membrane  ot  the  stom- 
ach would  excite  surprise  were  it  not  considered  that,  after  this  fluid  has  performed  its 
office  in  digestion,  it  is  immediately  reabsorbed,  and  but  a  small  quantity  of  the  secretion 
exists  in  the  stomach  at  any  one  time.  During  digestion,  a  circulation  of  material  is 
(Toing  on,  in  which  the  stomach  is  continually  producing,  out  of  materials  furnished  by 
the  blood,  a  fluid  which  liquefies  certain  elements  of  the  food  and,  as  fast  as  this  i.s  ac- 
complished, is  absorbed  again  by  the  blood,  together  with  the  principles  that  have  been 
thus  digested. 

Composition  of  the  Gastric  Juice. 
The  gastric  juice  is  mixed  in  the  stomach  with  more  or  less  mucus  secreted  by  the 
lining  membrane. "  When  drawn  by  a  fistula,  it  generally  contains  particles  o  food,  which 
have  become  triturated  and  partially  disintegrated  in  the  mouth,  and  is  -YZlS'^t 
with  a  certain  quantity  of  saliva,  which  is  swallowed  during  the  mtervals  of  digestion  as 
well  as  when  the  stomach  is  in  a  state  of  functional  activity.  By  adopting  cer  am  pre- 
cautions however,  the  fluid  may  be  obtained  nearly  free  from  impunties,  except  the  ad- 
mttu^  o  saliva.  The  juice  taken  from  the  stomach  during  the  first  moments  of  it. 
"cxS  on  and  separated  from  mucus  and  foreign  matters  by  filtration  is  a  clear  fluid,  of 
a  Wn  yellowish  or  amber  tint,  and  possessing  little  or  no  viscidity  Its  reaction  s 
alw  ys  Longly  acid;  and  it  is  now  a  well-estabhshed  fact  that  any  fluid,  secre  ed  by 
ttil mucous  membran;  of  the  stomach,  which  is  either  alkaline  or  neutral,  is  not  the  no.  - 

"^^SSXUity  of  the  gastric  juice  in  tl.  case  of  Bt.Ma^.  accc.^^ 
observations  of  Beaumont  and  Silliman,  was  1005  ;  but  later.  Dr.  F  G.  Smith  ouna 
^n  one  ttance,  1008,  and  in  another,  1009.    There  is  e-J^--^*;,  ^^^V  m  y  b 
fluid,  in  the  case  of  St.  Martin,  was  perfectly  ~  ;  ^^i^^^^^       l^n  suS^ct! 
taken  as  the  range  of  the  specific  gravity  of  the  gastiic  ju  cc  m  t       ^  • 
Theie  ?s  undoubtedly  considerable  variation,  as  regards  specific  gravity,  m  the  mfeiioi 

has  something  of  the  odor  peculiar  to  this  animal. 

It  has  been  found  by  Beaumont,  in  the  human  subject  and  '"^^^^^^f^^ 
mented  on  the  gastric  juice  of  the  lower  animals  tha  '  f^  Sd  finite  p  - 

stoppered  bottle,  will  retain  its  chemical  and  physiological  P™Pf /.  -"^^^^^^r^ 
riod.    The  only  change  which  it  undergoes  is  the  formation  ot  a  pellicle,  consisting 
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vegetable,  confervoid  growth,  upou  tlie  surface,  some  of  which  breaks  up  and  falls  to  the 
bottom  of  the  vessel,  forming  a  whitish,  flocculeut  sediment.  We  have  now  (1875)  a 
specimen  of  gastric  juice  which  was  taken  from  a  dog  with  a  gastric  fistula  in  January, 
1802.  It  has  no  putrefactive  odor  and  is  apparently  in  the  same  condition  as  when  it 
was  iirst  drawn.  In  addition  to  this  remarkable  faculty  of  resistmg  putrefaction,  this 
process  is  arrested  in  decomposing  animal  substances,  both  when  taken  into  the  stomach 
and  when  exposed  to  the  action  of  ti:e  gastric  juice  out  of  the  body. 

There  are  on  record  no  minute  quantitative  analyses  of  the  human  gastric  juice, 
except  those  by  Schmidt,  of  the  fluid  from  the  stomach  of  a  woman  with  gastric  fistula; 
and  in  this  case  there  is  reason  to  suppose  that  the  secretion  was  not  normal.  The  analysis 
of  the  gastric  juice  of  St.  Martin  by  Berzelius  was  not  minute.  The  analyses  of  Schmidt 
give  less  than  six  parts  per  thousand  of  solid  matter,  while  Berzelius  found  over 
twelve  parts  per  thousand.  In  aH  the  comparatively  recent  analyses,  there  have  been 
found  a  free  acid  or  acids ;  a  peculiar  organic  matter,  generally  called  pepsin  ;  and  various 
inorganic  salts,  among  which  may  be  mentioned  as  most  important,  the  chlorides  of 
sodium,  potassium,  and  calcium,  with  the  phosphates  of  lime,  magnesia,  and  iron.  Of 
these  constituents,  the  salts  possess  little  physiological  importance  as  compared  with  the 
organic  matter  and  the  acid  principles. 

The  following  analysis  by  Bidder  and  Schmidt  gives  the  mean  of  nine  observations 
upon  dogs : 

Tabu  of  Solid  Constituents  of  the  Gastric  Juice  of  the  Dog. 
(Bidder  and  Schmidt.) 

Ferment  (pepsin.)   1'7'12'7 

Free  hydrochloric  acid  (?)   S'050 

Chloride  of  potassium   1'125 

Chloride  of  sodium   2'507 

Cliloride  of  calcium   0"624 

Chloride  of  ammonium   0'468 

Phosphate  of  lime   1"729 

Phosphate  of  magnesia   0'226 

Phosphate  of  iron   0-082 

26-93  8 


In  another  series  of  three  experiments,  in  which  the  saliva  was  allowed  to  pass  into 
the  stomach,  the  proportion  of  free  acid  was  2-337,  and  the  proportion  of  organic  matter 
was  somewhat  increased. 

Organic  Principle  of  the  Gastric  Juice. — This  principle,  called  pepsin  or  gasterase,  is 
an  organic  nitrogenized  body,  peculiar  to  the  gastric  juice,  and,  as  we  shall  see  farther  on, 
is  essential  to  its  digestive  jiroperties.  When  the  gastric  fluid  was  first  obtained,  even  by 
the  imperfect  methods  employed  anterior  to  the  observations  of  Beaumont  and  of  Blond- 
lot,  an  organic  matter  was  spoken  of  as  one  of  its  constituents. 

Experiments  on  artificial  digestive  fluids,  by  Eberle,  Schwann  and  Miiller,  Wasmann, 
and  others,  have  demonstrated  that  acidulated  infusions,of  the  mucous  membrane  of  the 
stomach,  possessing  all  the  physiological  properties  of  the  gastric  juice,  contain  an  organic 
matter,  first  isolated  by  Wasmann,  on  which  the  solvent  powers  of  these  acid  fluids  seem 
to  depend.  Mialhe,  who  has  obtained  this  substance  in  great  purity  by  the  process  recom- 
mended by  Vogel,  describes  the  following  properties  as  characteristic  of  the  organic 
matter  in  artificial  gastric  juice :  Dried  in  thin  slices  on  a  plate  of  glass,  it  is  in  the  form 
of  small,  grayish,  translucent  scales,  with  a  faint  and  peculiar  odor  and  a  feebly  bitter 
and  nauseous  taste.  It  is  soluble  in  water  and  in  a  weak  alcoholic  mixture,  but  is  in- 
soluble in  absolute  alcohol.    A  solution  of  it  is  rendered  somewhat  turbid  by  a  tempera- 
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tiiro  of  212°  Fahr.,  but  it  is  not  coagulated,  although  it  loses  its  specific  properties.  It  is 
not  affected  by  acids  but  is  precipitated  by  tannin,  creosote,  and  a  great  number  of  the 
metallic  salts.  This  substance  dissolved  in  water  slightly  acidulated  possesses,  in  a  very 
marked  degree,  the  peculiar  solvent  properties  of  the  gastric  juice;  but  it  has  been  found 
by  Payen  and  Mialhe  not  to  be  so  active  as  tlie  principle  extracted  from  the  gastric  juice 
itself,  which  is  described  by  Payen  under  the  name  of  gasterase.  In  the  abattoirs  of 
Paris,  Mialhe  collected  from  the  secreting  stomachs  of  calves  as  they  were  killed,  from 
six  to  ten  pints  of  gastric  juice  ;  and  from  this  he  extracted  the  pure  pepsin  by  the  pro- 
cess recommended  by  Payen,  which  consists  merely  in  one  or  two  precipitations  by 
alcohol.  This  substance  he  found  to  be  identical  with  the  principle  obtained  by  Payen 
from  the  gastric  juice  of  the  dog.  Its  action  upon  albuminoid  matters  was  precisely  the 
same  as  that  of  pepsin  extracted  from  artificial  gastric  juice,  except  that  it  was  more 
powerful. 

Source  of  the  Acidity  of  the  Gastric  Juice.— mmmxw  and  Spallanzani  recognized 
that  the  fluid  from  the  stomach  has,  at  certain  times,  an  acid  reaction  ;  and  subsequent 
observations  have  confirmed  this  fact  and  have  shown  that  this  reaction  is  mvariable 
during  digestion.  But,  although  the  most  distinguished  and  skilful  chemists  of  the  day 
have  attempted  to  ascertain  the  source  of  this  acidity,  from  Prout,  in  1823,  to  Blondlot, 
in  1858,  embracing  Leuret  and  Lassaigne,  Tiedemann  and  Gmelin,  Berzehus,  Chevreul, 
Bidder  and  Schmidt,  Dumas,  Lehmann,  Bernard  and  Barreswil,  with  a  host  of  others, 
the  question  has  not  yet  received  a  solution  which  is  generally  accepted 

The  method  made  use  of  by  some  of  those  who  profess  to  have  found  free  hydrocbloric 
acid  in  the  gastric  juice  has  been  to  subject  the  fluid  to  distillation,  testing  the  acid  fluid 
which  passes  over  with  nitrate  of  silver  ;  but  the  experiments  of  Bernard  and  Barreswd 
on  the  gastric  juice  from  dogs,  and  the  more  recent  observations  of  Dr.  ^-  G-  Smith  oa 
the  gastric  juice  from  St.  Martin,  have  shown  that  this  process  is 
The  following  observations  by  Bernard  and  Barreswil  B-m  to  show  -  ^^^^^^^^^ 
hydrocbloric  acid  maybe  obtained  from  gastric  ^          ^ntTol  if  a  q"^ 

sarily  exist  in  the  fluid  in  a  free  state  ;  which  is  a  very  important  «°-^<i«;f  ^Ivses 
tion  in  which  every  thing  depends  upon  the  absolute  accuracy  of  modes  of  analyses 

li  subiecting  the  gastric  nice  of  the  dog  to  distillation  at  a  low  temperature,  widi  all 
the  rceSIiT  pre  atitions,  it  was  found  that  the  first  products  did  not  present  an  acid  re- 

fifths  of  the  fluid  had  passed  over ;  that  afterward  the  ^^^^^^^  'nlv  toward  the  last 

ly  acid,  but  did  not  precipitate  with  tl^« -Its  of  silver  ;  and  ^^^^^^^^^ 
instants,  when  there  remained  only  a  few  drops  o  ^Mch  was 

liquid  which  was  produced  gave  a  marked  ^^^^^^^^  the  gastric 
not  dissolved  by  concentrated  nitric  acid.  It  was  loun  i  .^^  formation 
juice  of  a  small  quantity  of  oxalic  acid  Vro^-^^^2:Sf^^iT^.  e^XroduTed  no 
of  the  insoluble  oxalate  of  lime,  while  an  '^^^  ^^^^'^l^^^^^^^  acid,  to 

opacity  in  water  containing  a  P-^^P^^-^f  f 

which  chloride  of  calcium  had  been  added    From  tins  ^^P^^J^^  ^j^j^ri^, 
that  the  hydrochloric  acid  in  the  gastric  jmce  exists  in  the  condition 

not  in  a  free  state.  •„;„„  fi,n  o-Ksti-io  iuice  from  St. 

Prof.  F.  G.  Smith,  who  had  an  opportunity  of  examining  the  g«  "'"l" 
Martin,  in  1856,  took  the  fluid  from  the  stomacli  after  two  ^'i^'^f  °  /  ^^^^ 
chewed  and  swdlowed,  and  subjected  it  to  distillation.  The  first  flmd  which  passed 
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was  neutral,  and  tlie  residue,  after  the  temperature  had  been  somewhat  raised,  produced 
a  slight  precipitate  with  tiie  nitrate  of  silver,  which  was  soluble  in  ammonia.  In  an- 
other experiment,  a  mixture  of  lactic  acid  and  chloride  of  sodium  in  solution  was  sub- 
jected to  distillation,  and  the  product  formed  a  slight  precipitate  with  the  nitrate  of  sil- 
ver, which  was  soluble  in  ammonia.  In  another  experiment,  a  mixture  of  lactic  acid 
and  chloride  of  sodium  in  solution  was  subjected  to  distillation,  and  the  product  formed 
a  slight  precipitate  with  the  nitrate  of  silver.  The  precipitation,  in  this  instance,  was 
attributed  to  tlie  passage  of  a  small  quantity  of  chloride  of  sodium  with  the  vapors,  and 
it  is  to  this,  also,  that  he  attributes  the  opalescence  of  the  products  of  distillation  of  the 
gastric  juice,  when  treated  with  the  nitrate  of  silver.  These  experiments  are  of  great 
interest  in  so  far  as  they  confirm  the  observations  of  Bernard,  Villefranche,  and  Bar- 
reswil,  on  the  gastric  juice  of  the  dog. 

The  experiments  of  Lehmann  are  even  more  conclusive.  He  found  that  pure  gastric 
juice,  when  evaporated  in  vacuo,  develops  hydrochloric  acid ;  but  he  also  found  that 
chloride  of  calcium  is  decomposed  during  evaporation  with  lactic  acid  in  vacuo  and 
attributes  the  generation  of  hydrochloric  acid  in  the  gastric  juice  to  the  decomposition 
with  this  salt,  and  not  the  chloride  of  sodium,  as  was  thought  by  Bernard,  Villefranchej 
and  Barreswil. 

The  addition  of  a  small  quantity  of  oxalic  acid  to  gastric  juice  produces  a  precipitate 
of  the  insoluble  oxalate  of  lime,  which  does  not  take  place  in  the  presence  of  free  hydro- 
chloric acid,  even  when  it  exists  in  very  minute  quantity.  No  one  has  denied  that  this 
reaction  always  takes  place  in  the  gastric  juice  ;  but,  in  this  fluid,  is  it  inconsistent  with 
the  presence  of  a  small  quantity  of  hydrochloric  acid  ?  We  have  found  that  the  addition 
of  two  drops  of  ordinary  hydrochloric  acid  to  half  a  fluidounce  of  gastric  juice  does  not 
prevent  the  precipitation  of  the  oxalate  of  lime,  which,  in  the  single  observation  referred 
to,  was  prevented  only  when  the  quantity  of  acid  was  increased  to  five  drops.  On  adding 
oxalic  acid  to  fresh  urine,  the  precipitate  of  oxalate  of  lime  was  marked  ;  but,  after  the 
addition  of  two  drops  of  ordinary  hydrochloric  acid,  this  reaction  did  not  take  place. 
Taken  in  connection  with  the  fact  that  many  of  the  ordinary  chemical  reactions  are  pre- 
vented or  modified  in  fluids  containing  organic  substances,  this  would  lead  us  to  inquire 
whether  free  hydrochloric  acid  may  not  exist  in  small  quantity  in  the  gastric  iuice,  and, 
as  an  exceptional  phenomenon,  the  reaction  between  the  oxalic  acid  and  the  soluble  snlts 
of  lime  still  take  place,  or  whether  the  acid  may  not  unite  with  the  organic  principle, 
formmg,  as  was  suggested  by  Schifi^,  chlorohydropeptic  acid.  In  support  of  this  latter 
view.  It  IS  to  be  remembered  that  Mulder  has  formed  combinations  of  organic  principles 
with  various  of  the  minei-al  acids,  such  as  the  sulphuric  and  the  hydrochloric.  In  these 
compounds,  the  acid  character  remains,  but  the  ordinary  reactions  of  the  acid  are  lost. 

With  the  abundant  opportunities  which  have  been  presented  for  the  chemical  study 
of  the  gastric  juice,  not  only  in  the  inferior  animals  but  in  man,  and  in  view  of  the  nu- 
merous elaborate  researches  into  the  nature  of  this  fluid  by  the  most  skilful  physiological 
chemists  of  the  day,  it  is  a  matter  of  surprise  that  the  question  of  the  existence  of  free 
hydrochloric  acid,  or  its  condition  as  regards  combination  with  the  organic  matter,  is 
not  settled.  It  certainly  cannot  now  be  regarded  as  determined  beyond  question  If 
as  IS  supposed  by  Bidder  and  Schmidt,  there  be  a  proportion  of  chlorine  which  cannot  be 
accounted  for  by  the  quantity  of  ordinary  bases  in  the  gastric  juice,  it  probably  does  not 
exist  as  free  hydrochloric  acid,  but  it  is  in  some  way  united  with  organic  matter. 

In  1^86,  Macquart  indicated  the  presence  of  lactic  acid  in  the  gastric  juice  of  the  calf 
attributmg  the  acidity  of  the  gastric  juice  of  the  ox  and  the  sheep  to  free  phosphoric 
acia  bmce  then  there  have  been  numerous  analyses  in  which  this  principle  has  been 
saw  to  he  found.  Among  those  who  early  adopted  this  view,  may  be  mentioned  Che- 
vreui,  (craves,  and  Leuret  and  Lassaigne.  After  the  analyses  by  Prout,  in  1823  and  the 
ODservations  of  Beaumont  on  the  fluid  obtained  from  St.  Martin,  and  until  the  publication 

tlie  experiments  of  Bernard,  Villefranche,  and  Barreswil,  in  1844,  hydrochloric  acid 
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was  geiioi-idly  supposed  to  bo  the  Iroc  acid  of  the  gastric  juice.  It  is  chiefly  on  the  last- 
named  observations- vvhicli  have  been  supported  by  Bernard  in  his  ater  pubhcat.ons  and 
by  the  confirumtory  experiments  of  Lehmann  and  others-that  those  who  admit  the 
presence  of  free  hictic  acid  in  quantity  in  the  gastric  juice  rest  their  behel 

We  have  ah-eudy  referred  to  the  experiments  of  Bernard,  which  show  that  an  artificial 
fluid  containing  chloride  of  sodium  and  lactic  acid  in  solution  behaves,  during  distillation 
in  every  way  like  the  normal  gastric  juice.    These  show,  also,  how  hydrochloric  acid 
may  be  produced  during  the  last  period  of  the  distillation  by  decomposition  of  the 
chlorides    We  have  seen  that  this  observation  was  confirmed  by  Lehmann,  who  noted 
the  same  reaction  during  evaporation  at  the  ordinary  temperature,  in  mcuo,  although  he 
supposed  the  action  in  the  gastric  juice  to  be  upon  the  chloride  of  calcium  instead  ot  the 
chloride  of  sodium.    Lehmanu  found  in  the  acid  residue,  free  lactic  acid,  lactate  ot  lime 
and  alkaline  chlorides.    Bernard  and  Lehmann  have  brought  forward  other  experimental 
facts  to  show  that  the  gastric  juice  contains  lactic  acid.    If  starch  be  boiled  in  a  solution 
containing  hydrochloric  acid,  it  soon  loses  its  property  of  forming  a  blue  compound  with 
iodine  •  while  if  it  be  boiled  with  lactic  acid,  no  such  change  is  observed.    If  starch  be 
boiled 'with  a  solution  containing  hydrochloric  acid,  to  which  has  been  added  a  soluble 
lactate  in  excess,  it  remains  unaltered;  which  shows,  according  to  Bernard,  that  hydro- 
chloric acid  in  a  free  state  cannot  exist  in  the  presence  of  an  excess  of  a  salt  ot  lactic 
acid    By  similar  experiments,  the  same  observer  assumes  to  prove  that  the  existence  ot 
hydrochloric  acid  is  inadmissible  in  the  presence  of  a  phosphate  or  an  acetate  in  excess. 
Lehmann  has  found  that  starch  boiled  with  gastric  juice  retains  the  property  of  bemg 
colored  blue  by  iodine.    These  experiments  are  considered  by  Bernard  a«  Positive  proot 
that  the  acid  of  the  gastric  juice  is  the  lactic;  and  the  fact  "seems  to  him  to  be  at  the 
present  day  beyond  contestation."    The  facts  adduced  by  Lehmann,  ^^owevei  are  e 
stronger    By  operating  upon  a  large  quantity  of  gastric  jnice,  he  formed  the  lactates  m 
uch  a  qnaSty'that  he'  was  enabled  to  subject  them  to  ultimate  analysis  and  determine 
positively  the  nature  of  the  acid.    He  found  that  the  acid  had  the  composition  of  laet  c 
iTlrLi  from  sugar,  and  not  that  of  the  acid  formed  from  the  juice  of  the  muscular 

view  of  the  facts  above  mentioned  and  tl^-omewhat  uncertain  ^^^^^^^^^ 
the  supposition  of  the  presence  of  free  hydrochloric  acid  is  «'jf .  ^^^^^^^^^^^ 

""l^lw  only  remains  to  discuss  the  question  of  the  existence  in  the  ^-tri^^^^^^^^^^^ 
acid^sphatl  of  lime,  to  the  exclusion  ^togetl-  of       t^i;^  '^^^^^^ 
by  Blondlot  in  1843,  and  entertained  and  defended  by  him  as  late  as  , 
log  the  fact  that  this  view  has  met  with  no  favor  among  Pj^^-f                    ,1^,  ,,ry 
To  Blondlot  belongs  the  rare  merit  of  havmg  been  one  of  the  H'st,  «  n  ^ 


To  Blondlot  belongs  the  rare  merit       '■  7^  7;",;^  ^^^.^.l  gastric  juice  could  bo 
first,  to  propose  and  execute  an  -P-'^en  by  wl^i<^^^^^^^ 
obtained  in  quantity  from  a  ImnganimaL  ^^^^^^  of  lime.  This 

he  denied  the  existence  of  any  acid  f^^^f  ^^^^^^^^^^  the 


"  tziti::'z:2.  jmce  contams  a  -  £ ^  — ^ 
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of  the  gastric  juico  give  the  phosphate  of  lime  as  one  of  its  constituents;  and  BlondJot 
justly  remarks  that  it  is  strange  to  see,  in  certain  analyses,  the  neutral  phosphate  of  lime 
and  hydrochloric  or  lactic  acid  put  down  as  existing  together,  as  though  the  phosphoric 
acid  were  able  to  retain  the  two  equivalents  of  the  base  in  the  presence  of  either  of  these 
two  acids.  The  fact  is,  that  basic  phosphate  of  lime,  a  salt  insoluble  in  pure  water  but 
soluble  in  acid  solutions,  is  invariably  decomposed  in  the  presence  of  acids  as  powerful  as 
the  hydrochloric  or  the  lactic.  It  then  loses  two  equivalents  of  the  base  and  is  trans- 
formed into  an  acid  phosphate. 

There  can  be  no  doubt  of  the  constant  presence  of  the  acid  phosphate  of  lime  in  the 
gastric  juice,  at  least  in  the  dog,  and  its  quantity  is  undoubtedly  increased  in  this  animal 
during  the  digestion  of  bones,  by  the  action  of  the  acid  fluid  upon  their  phosphatic  con- 
stituents ;  but  the  arguments  of  Blondlot  against  the  existence  of  a  free  acid  have  little 
or  no  weight.  One  of  those  on  which  most  stress  is  laid  is  that  the  gastric  juice  does  not 
act  upon  the  carbonates,  which  would  undoubtedly  be  the  case  if  it  contained  a  free 
acid.  The  simple  reply  to  this  is  that  there  is  sufficient  evidence  to  show  that  it  is 
not  the  fact.  Melsens,  using  a  specimen  of  fluid  obtained  by  Blondlot  from  the  dog  and 
given  to  Dumas,  found  that  seventy-three  grammes  of  juice  dissolved,  in  twenty-four 
hours,  0-108  of  a  gramme  of  calcareous  spar  (crystallized  carbonate  of  hme).  He  con- 
firmed this  observation  by  several  experiments,  so  that  there  can  be  no  doubt  as  to  its 
accuracy. 

It  is  plain,  therefore,  that,  while  the  acid  phosphate  of  lime  has  been  shown  to  be  a 
constant  constituent  of  the  pure  gastric  juice,  contributing,  in  a  certain  degree,  to  its 
acidity,  it  is  not  by  any  means  to  be  regarded  as  the  sole  acid  principle ;  the  phosphate 
probably  existing  in  this  form  by  virtue  of  the  presence  in  this  fluid  of  a  free  acid. 

On  what  does  the  acidity  of  the  gastric  juice  depend?  This  is  the  simple  question  to 
which  the  foregoing  discussion  naturally  leads ;  and  it  is  one  which  can  be  answered 
almost  with  positiveness,  although  it  is  not  settled  to  the  satisfaction  of  all  physiologists 
and  there  are  some  conflicting  observations  which  can  be  harmonized  only  by  new  re- 
searches. 

Aside  from  the  conditions  under  which  acids,  such  as  butyric,  acetic,  or  lactic,  are 
developed  from  articles  of  food  taken  into  the  stomach,  the  evidence  is  strongly  in 
favor  of  free  lactic  acid  as  the  principle  on  which  the  gastric  juice  mainly  and  constantly 
depends  for  its  acidity.  There  also  exists  a  certain  quantity  of  biphosphate  of  lime;  and 
this  is  the  only  condition  in  which  a  phosphate  of  lime  can  exist  in  the  presence  of  free 
lactic  acid. 

The  observations  of  Bidder  and  Schmidt  indicate,  apparently,  a  quantity  of  chlorine 
in  the  gastric  juice  not  to  be  accounted  for  by  the  proportion  of  bases  obtained  by  ulti- 
mate analysis.  There  is  evidence  sufficiently  positive  to  show  that  there  is  no  hydro- 
chloric acid  in  the  gastric  juice,  in  a  condition  which  allows  the  fluid  to  present  the  re- 
actions which  are  observed  when  this  acid  exists  in  a  free  state.  If  there  be  any  hydro- 
chloric acid  not  m  combination  with  metallic  bases,  it  is  united  with  organic  matter  in 
such  a  way  as  to  prevent  the  manifestations  of  its  ordinary  properties,  except  that  of 
acidity.  The  fact  that  some  of  the  mineral  acids  can  be  made  to  unite  in  this  way  with 
albuminoid  substances  lends  color  to  this  supposition ;  although  farther  investigations 
are  necessary  to  demonstrate  that  this  takes  place  in  the^gastric  juice. 

Ordinary  Saline  Constituents  of  the  Gastric  Juice— It  has  been  experimentally  de- 
monstrated that  artificial  fluids,  containing  the  organic  principle  of  the  gastric  juice  and 
the  proper  proportion  of  free  acid,  are  endowed  with  all  the  digestive  properties  of  the 
normal  secretion  from  the  stomach,  and  that  these  properties  are  rather  impaired  when 
an  excess  of  its  normal  saline  constituents  is  added  or  when  the  relation  of  the  salts  to 
the  water  is  disturbed  by  concentration.  Boudault  and  Oorvisart  evaporated  two  hun- 
dred grammes  of  the  gastric  juice  of  the  dog  to  dryness  and  added  to  the  residue  fifty 
16  ^ 
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.r.mmM  of  water.    They  found  thm  tl,0  fluid  thus  propurcd,  coutamiug  four  times  tl,« 
fomr,>poi.ortlou  of  .nilue  principle.,  did  not  possess  by  un,  .ne.ns  t^,e  energy  of  .et.on 
ientlry  substunoe,  of  t.e  n„rn,.l  secretion.    Tbese  f»t.  h«v.  ^^^''^^^-'^  '» 

-x  r::™!":::?;.:"?  puTc^;::    rjststf^:  inferior 

Action  of  the  Gastric  Juice  in  Digestion. 

when  these  principles  ave  dissolved  by  ^^^^^^^^^^^'^^^^^  ,,es  not  seen,  essen- 

It  is  a  curious  fact  that  the  presence  of  any       P^^'^^J.^f         degree  of  acidity 
tial  to  the  digestive  properties  o  th^^^^^^^^^^ 

is  preserved.   In  the  experiments  ^^^^^   ,eetic,  phosphoric,  or  hydro- 

the  gastric  juice  with  -"^-^^tS^^^^^^^^  ft-  stat^  the  digestive  proper- 

chloric  acid  in  such  ^^^^f  ^^^^f '^VlU'jSor  regard  it  as  essential  that  the  normal  acid 
ties  of  the  iiiiid  were  retained    Tliese  ^utno^J  r  ^  ^differently  by  other  acids; 

of  the  gastric  juice  should  be  thus  ^^Vf^ll'  l'^^       stomach  which  would  he  decom- 
for,  they  say,  in  case  any  salt  were  /-^rod-ed  i^^^^^^  ^.^^^  ^^^^^^ 

posed  by  the  lactic  acid  of  the  gastric  mce,d2^^^  ^^^^  ^^^^^.^^^ 

liberated  acid  could  take  its  place.    1*;;™^^^^  one  acid  prmciple  indispen- 

ances  might  occur  from  this  ™  ^^^^^^^'^^     ,Wle,  if  only  a  certain  degree  of 

S^:::^^&duced  by  any  acid,  either  derived  .om 

the  food  or  secreted  by  the  stomach.  principle  of  the  gastric 

^'^t^  as  bu.  been  esecrialncd  by 

,hicb  dways  e»sts  in  greater  or  less  ,u.nt  t,  m^^^^^^^ 

pertant.       '"^liLSSed    aTtle  digestl,.  properties  of  U,e  flu.d  .bus 

gastric  juice  by  filtiation  oeioie  .,',,_..„    allowed  to  remain. 

Lated  are  not  sensibly  ^^^^ed  when  the  n^^^^^^^^^  ^^^^^^  ^^^^^^  ,3  , 

In  studying  the  vY^olos^l'^jf^^or^^sJ^^^^^  combined,  as  weU  as 
mind  that  the  general  ^'''''''[^  f^^Z^^^^^^^^  \he  act  should  be  viewed  in  its  cn- 

the  successive  action  of  the  different  ^  S^jtwe  ti^^^^^^^^^  ^.^^^^^  operations  m 

semMe,  rather  than  as  a  Vjocoss ^^^n.^'^^^^^^            -  ^^^^ 

which  different  classes  of  principles  are  ^tity  of  saliva ;  and  it 

the  gastric  juice,  after  having  become  ^^P-S"^^;^.^  having  imbibed  both 

passts  from  the  stomach  ^o^;  ^ted^^^^^^^^^  fluids  in  too  exclusive  a 
saliva  and  gastnc  juice.   J3y  stuajmg 
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manner,  many  physiologists,  while  professing  to  assign  definite  and  distinct  properties  to 
each,  thus  investing  the  function  of  digestion  with  the  attraction  of  simplicity,  have 
necessarOy  ignored  or  distorted  facts  and  have  assumed  a  completeness  for  the  sum  of 
our  information  on  this  subject,  which  does  not  exist. 

When  the  acts  which  take  place  in  the  mouth  are  properly  performed,  the  following 
alimentary  substances,  comminuted  by  the  action  of  the  teeth  and  thoroughly  insalivated 
are  taken  into  the  stomach  :  muscular  tissue,  containing  the  muscular  substance  envel- 
oped in  its  sarcolemma,  blood-vessels,  nerves,  white  fibrous  tissue  holding  the  muscular 
fibres  together,  interstitial  fat,  and  a  small  quantity  of  albumen,  fibrin,  and  corpuscles 
from  the  blood,  all  combined  with  a  considerable  quantity  of  inorganic  saline  matters; 
albumen,  sometimes  unchanged,  but  generally  in  a  more  or  less  perfectly  coagulated  con- 
dition; fatty  matter,  sometimes  in  the  form  of  oil  and  sometimes  enclosed  in  vesicles, 
constituting  adipose  tissue ;  gelatine  and  animal  matters  in  a  liquid  form  extracted  from 
meats,  as  in  soups ;  caseine,  in  its  liquid  form  united  with  butter  and  salts  in  milk,  and 
coagulated  in  connection  with  various  other  princiiDles  in  cheese ;  vegetable  nitrogenized 
principles,  of  which  gluten  may  be  taken  as  the  type;  vegetable  fats  and  oils;  saccharine 
principles,  both  from  the  animal  and  the  vegetable  kingdom,  but  chiefly  from  vegeta- 
bles ;  the  difi'erent  varieties  of  amylaceous  principles  ;  and,  finally,  organic  acids  and  salts, 
derived  chiefly  from  vegetables.  These  principles,  particularly  those  from  the  vegetable 
kingdom,  are  united  with  more  or  less  innutritious  matter,  such  as  cellulose.  They  are 
also  seasoned  with  aromatic  principles,  condiments,  etc.,  which  are  not  directly  used  in 
nutrition. 

The  various  articles  coming  under  the  head  of  drinks  are  taken  without  any  consider- 
able admixture  with  the  saliva.  They  embrace  water,  the  various  nutritious  or  stimulant 
mfusions  (including  alcoholic  beverages),  with  a  smaU  proportion  of  inorganic  salts  in 
solution. 

All  the  articles  enumerated  above  are  more  or  less  modified  in  the  stomach  ;  and  the 
action  of  the  gastric  juice  upon  them  will  now  be  taken  up  in  detail.  ' 

Action  of  the  Gastric  Juice  ttpon  Meats.— There  are  three  ways  in  which  the  action 
of  the  gastric  juice  upon  the  various  articles  of  food  may  be  studied.  One  is  to  subject 
them  to  the  action  of  the  pure  fluid  taken  from  the  stomach,  as  was  done  by  Beaumont  in 
the  human  subject,  and  by  Blondlot  and  others,  in  experiments  upon  the  inferior  animals  • 
another  is  to  make  use  of  properly-prepared  acidulated  infusions  of  the  mucous  membrane 
of  the  stomach,  which  have  been  shown  to  have  sensibly  the  same  properties  as  the  gastric 
juice,  differing  only  in  activity  ;  and  another  is  to  examine  from  time  to  time  the  contents 
ot  the  stomach  after  food  has  been  taken.  By  all  of  these  methods  of  study  it  has  been 
shown  that  the  digestion  of  meat  in  the  stomach  is  far  from  being  complete.  The  parts  of 
the  muscular  structure  most  easily  attacked  are  the  fibrous  tissue  which  holds  the  muscular 
fibres  together,  with  the  sarcolemma,  or  sheath  of  the  fibres  themselves.  If  the  gastric 
jnice  of  the  dog  be  placed  in  a  vessel  with  finely-chopped  lean  meat  and  be  kept  in  contact 
with  It  for  a  number  of  hours  at  from  80°  to  100°  Fahr.,  agitating  the  vessel  occasionally 
so  as  to  subject,  as  far  as  possible,  every  particle  of  the  meat  to  its  action,  the  filtered  fluid 
wii  be  found  mcreased  in  density,  its  acidity  diminished,  and  presenting  all  the  evidences 
ot  having  dissolved  a  considerable  portion  of  the  tissue.  There  always,  however  will 
remain  a  certain  portion  which  has  not  been  dissolved.  Its  constitution  is  nevertheless 
materia  ly  changed  ;  for  it  no  longer  possesses  the  ordinary  character  of  muscular  tissue 
out  easily  breaks  down  between  the  fingers  into  a  pultaceous  mass.  On  subiectinff  this 
fibres^^tlT^flr^''"!  examination,  it  is  found  not  to  contain  any  of  the  white  inelastic 
aot?,  ;:f    V  I  °^  muscular  tissue,  although  presenting  the  well-marked  and  char- 

acte ustic  stnm,  are  broken  into  short  pieces  and  possess  very  little  tenacity.    It  is  evi- 
uentiy  only  the  muscular  substance  which  remains;  the  connective  tissue  and  the  snrcn 
lemma  having  been  dissolved.    These  facts  we  have  repeatedly  noted,  and,  ev"n  cJi  Jding 
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pvinciples  aro  digested  by  the  gastno  jmce,  ^  ^^J^J.        ^  have  just  indicated, 

fhe  d-!gestion  of  meat  ia  the  ^'^^^^^^^it^^^^^^  the 
Beaumont,  in  his  experiments  on  artificial  ^^^f^^f  °.' ^^^i^^  or  nine  hours, 

meat  is  completely  digested,  desoribes  he  ^^^^^^^^^^^^^^^^^^^  after  standing 

as  about  the  color  of  .hey  and  ^^^^^^^l^^Z^^^^^^^^  meat  is  ever  completely  dis- 
for  a  few  minutes.    In  no  case  Qoes  j  muscular  tissue,  m  various 

solved.  ^^!^Pl-;^^t  critic™  and  nc^U  lhe  disintegration  of  the  tissue  and 
stages  of  digestion  by  the  gastuc  juice,  a  solution  of  the  true  muscular 

divUiou  of  the  muscular  fibres  mto  ^^^^^^^'f^}'"';^^^^^^  in  the  solution  of  its 

substance.    Burdach  describes  the  digestion  ^^^^^^^^^  finally  being 

cellular  tissue,  which  is  dissolved,  first  ^-V^^^^f  'l'  The  ame  facts  essentially,  have 
converted  into  a  pultaceous  mass,  J^^^^^^^^^'^^;;,  j^^^of  differed  animals.  This 
been  noted  by  Bernard  in  experiments  with  f  f  "'^  i7^\^i,it  or  the  horse  is  much 
observer  has  found  that  the  fluid  from  t-he  ^^^^^^^^  ^  he  gastric  juice  of  the  dog. 
inferior,  as  regards  the  activity  of  its  f -n^^^^^^^^  t\SlJc^  to  the  action 

He  compares  the  disintegrating  process  which  takes  place 


of  boiling  water  in  cooking 


^         i  t„e  xtomack  of  a  doo  during  digestion  of  M  food. 
Fia.  6'i.-Mamrs  tahm  from  tU  pyloric  por  ""^  ^^^.^^..^.^  p^,y 

Whether  the  gastricjuicebeei^e^^a^^ 

Sax  fibrous  tissue  and  the  l^^tt^  3™^^^^  particles.    The  mass  of  ^ssuo 

true  muscular  substance  foe  and  brealung  1 1  P  ^  ^^.^^  ^^33,3  ,nto  he  small 

is  thus  reduced  to  the  condition  of  a  thin  P^^^*^  ,  great  part  of  the  true 

intestine,  where  the  process  of  J'S^f  stomach  is  preparatory  and  not  final, 

muscular  substance  is  concerned,  the  action  lu 
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The  constituents  of  tlie  blood  (albumen,  corpuscles,  etc.),  which  may  bo  introduced 
in  small  quantity  in  connection  with  muscular  tissue,  are  probably  completely  dissolved 
in  the  stomach. 

Action  upon  Albumen,  Fibrin,  Caseine,  and  Gelatine. — Dr.  Beaumont  thought  that 
raw  albumen,  or  white  of  egg,  became  first  coagulated  in  the  stomach  and  was  afterward 
dissolved  ;  but  this  has  been  disproved  by  numerous  other  observers,  who,  however,  have 
experimented  chiefly  on  dogs.  Eeference  to  the  experiments  of  Beaumont  will  show  that 
the  phenomena  which  he  described  as  taking  place  in  a  mixture  of  equal  parts  of  white 
of  egg  and  gastric  juice,  kept  at  the  temperature  of  the  body  for  three  hours,  do  not  really 
indicate  coagulation.  He  states  that  "  in  ten  or  fifteen  minutes,  small,  white  flocculi  began 
to  appear,  floating  about ;  and  the  mixture  became  of  an  opaque  and  whitish  appearance. 
This  continued  slowly  and  uniformly  to  increase  for  three  hours,  at  which  time  the  fluid 
had  become  of  a  milky  appearance ;  the  small  flocculi,  or  loose  coagula,  had  mostly  dis- 
appeared, and  a  light-colored  sediment  subsided  to  the  bottom."  If  white  of  egg  be  mixed 
with  equal  parts  of  pure  water  and  be  gently  stirred  with  a  glass  rod,  the  same  small, 
white  flocculi  will  make  their  appearance,  and  the  mixture  will  become  opaque  and 
whitish.  This  is  due  to  the  disengagement  of  shreds  of  the  membranes  in  which  the 
clear  albumen  is  contained  ;  these  being  invisible  in  pui-e  white  of  egg,  from  the  fact  that 
the  two  substances  have  the  same  refractive  power.  A  very  different  appearance  is 
presented  when  water  containing  even  a  small  quantity  of  nitric  acid  is  added  to  a  liquid 
containing  albumen.  True  coagulation  then  takes  place,  and  the  mixture  becomes  imme- 
diately fllled  with  large,  dense  clots  ;  or  the  mass  may  become  nearly  solidified,  if  the  acid 
be  added  in  suflScient  quantity.  Longet  and  SchifF  injected  a  filtered  watery  mixture  of 
albumen  into  the  stomach  of  a  dog  through  a  fistulous  opening  and  found  that  no  coagu- 
lation took  place. 

The  action  of  the  gastric  juice  upon  uncooked  white  of  egg  is  to  disintegrate  its 
structure,  separating  and  finally  dissolving  the  membranous  sacs  in  which  the  pure 
albumen  is  contained.  It  also  acts  upon  the  albumen  itself,  forming  a  new  fluid  substance, 
called  albuminose,  or  albumen-peptone,  which,  unlike  albumen,  is  not  coagulated  by  heat 
or  acids,  but  is  precipitated  by  alcohol,  tannin,  and  many  of  the  metallic  salts. 

The  digestion  of  raw  or  imperfectly-coagulated  albumen  takes  place  with  considerable 
rapidity  in  the  stomach.  Beaumont  gave  St.  Martin  the  white  of  two  eggs  when  the 
stomach  was  empty  and  found  that  it  had  been  completely  disposed  of  in  an  hour  and  a 
half.  The  digestion  of  albumen  in  this  form  is  more  rapid  than  when  it  has  been  com- 
pletely coagulated  by  heat. 

Coagulated  white  of  egg  is  almost  if  not  entirely  dissolved  by  the  gastric  juice.  If  a 
cube  of  albumen  in  this  condition  be  subjected  to  the  action  of  the  gastric  juice  at  the 
temperature  of  the  body,  taking  care  to  agitate  it  occasionally,  the  edges  and  corners 
gradually  become  rounded,  and  nearly  the  whole  mass  finally  breaks  down  and  is  dissolved, 
having  previously  become  softened  so  that  it  may  be  easily  crushed  between  the  fingers. 
Usually,  one  or  two  points  appear  in  the  mass,  which  are  acted  upon  with  diflSculty  or 
may  resist  solution  entirely.  It  is  a  matter  of  common  as  well  as  scientific  observation, 
.  '^hat  eggs  when  hard-boiled  are  less  easily  digested  than  when  they  are  soft-boiled  or  raw. 

The  products  of  the  digestion  of  raw  or  of  coagularted  albumen  (albumen-peptone) 
are  essentially  the  same.  It  is  probable  that  the  entire  process  of  digestion  and  absorp- 
tion of  albumen  takes  place  in  the  stomach,  and,  if  any  pass  out  of  the  pylorus,  the 
quantity  is  exceedingly  small. 

Fibrin,  as  distinguished  from  the  so-called  fibrin  of  the  muscular  tissue,  or  musculine, 
IS  not  a  very  important  article  of  diet.  The  action  of  the  gastric  juice  upon  it  is  more 
rapid  and  complete  than  upon  albumen.  The  well-known  action  upon  fibrin  of  water 
slightly  acidulated  with  hydrochloric  acid  has  led  some  physiologists  to  assume  that  the 
acid  is  the  only  constituent  in  the  gastric  juice  necessary  to  the  digestion  of  this  principle ; 
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but  careful  observations  on  the  comparativo  action  of  acidulated  water  and  of  artificial 
or  natural  gastric  juice  sl.ow  tbat  tl^e  presence  of  the  organic  mat  er  is  necessary  to 
the  mgestion  of  this  as  well  as  of  other  nitrogenized  alimentary  principles  The  action  of 
water  containing  a  small  proportion  of  acid  is  to  render  fibrin  ^'^^^ 
quently  giving  to  the  entire  mass  a  jelly-like  consistence.  The  result  ot  the  digestion  of 
tibdn  fn  the  gastric  juice,  or  in  an  acidulated  fluid  towbichpepsm  has  been  add  d,  is 
its^omplete  solution  and  transformation  into  a  substance  which  is  not  affected  by  heat, 

"^'iirsutstrcTresultiug  from  the  action  of  gastric  juice  upon  fibrin,  called  by  Leh- 
mann  fibrin-peptone,  presents  many  points  of  similarity  with  the  albumen-peptone,  but 
nev"'theless  L  certdn  distinctive  characters.    Lebmann,  indeed,  supposes  t  ^at  th«;^« 
SSences  between  the  products  of  the  digestion  of  all  the  various  nitrogenized  ahment- 
ary  principles,  Bufiiciently  well  marked  to  distinguisb  them  from  eacb  other. 

Liquid  caseine  is  immediately  coagulated  by  the  gastric  juice,  by  virtue  both  of  the 
free  acid  and  the  organic  matter.  Once  coagulated,  caseine  is  acted  upon  m  the  same 
way  as  coagulated  albumen.  The  caseine  which  is  taken  as  an  ingredient  of  cheese  is 
Tges  d  n  the  same  way.  According  to  Lebmann,  coagulated  caseine  -quires  a  longer 
time  for  its  solution  in  the  stomach  than  most  other  nitrogenized  substances;  and  it  is 
s^ted  by  the  same  author,  on  the  authority  of  Elsasser,  tbat  tbe  caserne  of  human  mJk 

wS  coagulates  only  into  a  sort  of  jelly,  is  more  fi'"1\'ir'e'SToararby 
milk    The  product  of  the  digestion  of  caseine  is  a  soluble  substance,  not  coagulable  by 

gestion  of  the  albuminoids  generally. 

be  taken  as  tbe  type,,  undoubtedly  are  cbiefly,  il  ,„,ted  gluten  be- 

Eaw  gluten  is  acted  upon  very  much  in  tiie  same  way  J^^f'^^^^J/ltain  gluten  in 
baves  like  coagulated  albumen,  ^ege  a  e  aij.^^^^^^  foo^  en.ally^  ,„,.,,4enized 
greater  or  less  quantity,  or  principles  resemblmg  it,  as  w  j^^tacked  in  any  por- 

^rinciples,  and  ceUulose.    The  fact  ^^^^t  ^^^^^^^^^^^^  rmmTnuted  in  the  moJtS,  is 

tion  of  tbe  alimentary  canal,  unless  tbey  have  been  weu  _ 
shown  by  the  passage  of  grains  of .  corn  beans,  etc  f  J  .integrate 

pared  by  mastication  and  and  other  matters  so 

tbem,  dissolving  oat  the  ^^t^S^^^^f^  P^^'^r"/'  and  leaving  the  hard,  indi- 

that  they  may  be  more  easily  acted  upon  in  the  intestines  an  ^ons 
gestible  matters,  sacb  as  cellulose,  to  pass  away  m  the  feces^  ^  ^^^^ 

of  bread  are  probably  acted  upon  in  the  stomacb  m  the  same  way 
tent  as  albumen,  fibrin,  and  caseine. 

Albuminose,  or  Peiot07ies. 

The  product  or  tbe  sum  of  tbe  p^du^ts  of^  ^Z:'^'^ 
principles  in  the  stomacb  was  first  closely  studied      ™^         ti^nsformation  into 
of  the'gastric  juice  on  all  prmciples  of  ^J^^^^^bTs  ^Ue  inv^  the  prin- 

a  new  substance  which  he  called  albummose.  I;^^™  nitrogenized  matters  and 
ciples  resulting  from  tbe  action  of  the  gastric  {"^^^^^^^  ^^^^^i^Xiy  shown  that  stom- 
de's  cribes  tbem'under  tbe  name  of  peptones.    ''^''J^^;^^'';Z^  that  tbeso 

acb-digestion  is  not  merely  a  solution  of  certain  J^JJ^^,^^^^^^  they  are  gen- 

substances  midergo  very  marked  changes  and  lose  he  pope  t,^^  transformation  re- 
erally  recognized.    That  tbe  difi^erent  principles  resulting  trom 
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semble  each  other  very  closely  is  also  undoubted  ;  but  there  are  differences  in  the  chemi- 
cal composition  of  the  products  of  digestion  of  different  principles,  as  well  as  differences, 
which  have  lately  been  noted,  as  regards  their  behavior  with  reagents. 

Albuminose  is  a  colorless  liquid,  with  a  feeble  odor  resembling  that  of  meat.  It  is 
not  coa^'ulable  by  heat,  acids,  or  by  pepsin ;  a  property  which  distinguishes  it  from  almost 
all  of  the  nitrogenized  principles  of  food.  It  is  coagulated,  however,  by  many  of  the 
metallic  salts,  by  chlorine,  and  by  a  solution  of  tannin,  after  it  has  been  acidulated  by 
nitric  acid'  On  evaporating  albuminose  to  dryness,  the  residue  consists  of  a  yellowish- 
white  substance,  resembling  desiccated  white  of  egg.  This  is  soluble  in  water,  when  it 
regains  its  characteristic  properties  ;  but  it  is  entirely  insoluble  in  alcohol. 

°Lehmann  found  a  great  similarity  between  the  substances  resulting  from  the  digestion 
of  the  various  albuminoid  bodies,  and  even  those  produced  by  the  digestion  of  gluten, 
chondrine,  and  gelatinous  tissues.  He  was  unable  to  obtain  the  peptones  free  from  min- 
eral substances.  In  the  condition  of  greatest  purity  in  which  they  have  been  obtamed, 
they  have  been  found  to  be  white,  amorphous,  odorless,  with  a  mucous  taste,  very  solu- 
ble m  water,  and  insoluble  in  alcohol.  Their  watery  solutions  redden  litmus.  They 
combine  readily  with  bases,  forming  neutral  salts  soluble  in  water.  The  differences  be- 
tween the  various  peptones  are  not  as  yet  very  well  defined.  Lehmann  states  that  they 
always  contain  the  same  proportion  of  sulphur  that  existed  in  the  albuminoid  substances 
from  which  they  are  formed.  According  to  this  observer,  the  gastric  juice  transforms  the 
various  nitrogenized  alimentary  principles  into  these  liquid  substances,  which  are  not  easily 
coagulable  and  which  present  slight  differences  in  chemical  composition  and  general  prop- 
erties, varying  with  the  principles  from  which  they  are  formed.  Those  which  have  been 
most  particularly  described  ai-e  fibrin-peptone,  albumen-peptone,  and  caseine-peptone. 

"With  even  the  imperfect  knowledge  which  we  have  of  the  properties  of  albuminose, 
it  is  evident  that  stomach-digestion,  aside  from  its  function  in  preparing  certain  articles 
for  the  action  of  the  intestinal  fiuids,  does  not  simply  liquefy  certain  of  the  alimentary 
principles,  but  changes  them  in  such  a  way  as  to  render  them  endosmotic  and  provides 
against  the  coagulation  which  is  so  readily  induced  in  ordinary  nitrogenized  bodies. 
Albuminose  passes  through  membranes  with  great  facility,  and,  as  we  have  seen,  is  not 
coagulable  by  heat  or  the  acids. 

Another,  the  most  important  and  the  essential  change  which  is  exerted  by  the  gastric 
juice  upon  the  albuminoids,  is  that  by  which  they  are  rendered  capable  of  assimilation 
by  the  system  after  their  absorption.  The  important  fact  that  pure  albumen  and  gela- 
tine, when  injected  into  the  blood,  are  not  assimilable,  but  are  rejected  by  the  kidneys, 
was  first  demonstrated  by  Bernard  and  Barreswil.  These  observers  found,  also,  that  albu- 
men and  gelatine  which  had  previously  been  digested  in  gastric  juice  were  assimilated  in. 
the  same  way  as  though  they  had  penetrated  by  the  natural  process  of  absorption  from 
the  alimentary  canal.  The  same  is  true  of  caseine  and  fibrin.  These  facts,  showing  that 
something  more  is  necessary  in  stomach-digestion  than  mere  solution,  point  to  pepsin  as 
the  important  active  principle  in  producing  the  peculiar  modifications  so  necessary  to 
proper  assimilation  of  nitrogenized  alimentary  substances.  The  action  which  takes  place 
is  one  of  those  ordinarily  termed  catalytic,  in  which  the  pepsin,  acting  as  a  ferment,  in- 
duces certain  peculiar  changes.  They  are,  however,  an  essential  and  the  most  important 
part  of  the  action  of  the  gastric  juice,  and  the  tran^ormation  into  albuminose  takes  " 
place  in  all  nitrogenized  principles  which  are  liquefied  in  the  stomach.  As  it  is  impossible'^ 
for  two  catalytic  processes  to  take  ])lace  at  the  same  time  in  any  single  organic  substance, 
the  more  powerful  always  overcoming  and  taking  the  place  of  the  weaker,  it  is  evident 
that,  when  nitrogenized  principles  in  process  of  decomposition  are  introduced  into  the 
stomach,  the  catalytic  process  of  putrefaction  must  cease  when  the  changes  which  occur 
in  digestion  become  establislied.  This  explains  the  antiseptic  properties  of  the  gastric 
juice  and  the  frequent  innocuousness  of  animal  substances  in  various  stages  of  decom- 
position, when  taken  into  the  stomach.  . 


DIGESTION. 

Acti07i  of  the  Oastric  Jmoe  on  Fata,  Sugwrs,  md  Amylaceous  Sulatances.-Beanmont 
does  not  say  much  with  regard  to  the  changes  which  fatty  substances  undergo  in  the  b  om- 
ach,  except  that  they  are  "  digested  with  great  diiiiculty."  All  the  recen  observations 
on  this  subject  show  that  these  principles,  when  taken  in  the  condition  of  oil  pass  out 
at  the  pylorus  unchanged.  Most  of  the  fatty  constituents  of  the  iood  are  luiuefied  at  the 
tempemture  of  the  body ;  and,  when  taken  in  the  form  of  adipose  t.ssue,  the  ittle  vesi- 
cles in  which  the  oleaginous  matter  is  contained  are  dissolved,  the  fat  is  set  free  and 
melted  and  floats  in  the  form  of  great  drops  of  oil  on  the  alimentary  mass.  The  action 
of  the 'stomach,  then,  seems  to  be  to  prepare  the  fats  for  digestion,  chiefly  by  dissolving 
the  adipose  vesicles,  for  the  complete  digestion  which  takes  place  in  the  small  in- 

*^'The  varieties  of  sugar  of  which  glucose  is  the  type  undergo  little  if  any  change  in 
digestion  and  are  probably  for  the  most  part  directly  absorbed  by  the  mucous  membrane 
of  the  stomach.  This  is  not  the  case,  however,  with  the  varieties  of  sugar  classed  with 
cane-sugar.  It  has  been  shown  that  cane-sugar  injected  into  the  veins  of  a  hvmg  ammal 
Tnot  assimUated  by  the  system  but  is  immediately  rejected  ^'^'"'l'-.^^^'^:^ 
however,  it  has  been  changed  into  glucose  by  the  action  of  a  dilute  acid  or  by  digesUon 
in  the  gastric  juice,  it  no  longer  behaves  as  a  foreign  substance  and  does  not  appear  in  he 
m-ine  This  leads  to  a  consideration  of  the  changes  which  cane-sugar  undergoes  in  the 
s  lach  Experiments  have  shown  that  this  variety  of  sugar,  after  bemg  digested  for 
hours  in  the  gastric  juice,  is  slowly  converted  into  glucos.    ^h^s  -.^^^^^^^^ 

gesti^n  for  the  rapid  and  efficient  transformation  of  can--g-  ^     tive,  as 

The  action  of  gastric  juice,  nnmixed  with  -Uva,  upon  search  is   n      y  ^  , 

far  as  any  transformation  into  sugar  ^ -^Tattric  ju  c'^  nitrogenized  parts, 

table  cells,  it  is  set  free  by  the  action  of  the  g^^*™  f  1,       account  of 

Eaw  starch,  in  the  form  of  granules  ^^^^^^^^^^f^^^^/^f;^  organ.    This  is  not  the 

the  elevated  temperatm-e  and  the  acidity  of  tl'e  contents  ot  «ie     g  ^^^^ 

form,  however,  in  which  ^ff^^l^^fnv^^^^^^  t  or  trmore  complete  processes 
so  taken,  the  stomach  evidently  assists  m  PePf/^S 

of  digestion  which  are  to  take  place  in  the  '^^^^f^^^;^^,,^^^  farinaceous  prepara- 
Oooked  or  hydrated  starch,  the  form  pl^e  gastric  juice  and 

tions  generally,  and  ordinary  however,  that  the  gastric 

passes  out  at  the  pylorus  unchanged.  It  r'*:!"  induced  by  the  saliva ;  and  experi- 
juice  does  not  prevent  a  continuance  of  the  act  on  ^  ^^^^^^    ^^^^ains  a  notable 

on  the  human  subject.  j      inorganic  constituents  of 

The  changes  which  vegetable  ^f%r^\7*\f  brinks  undergo  in  the  stomach  are 
food,  and  the  liquids  which  come  nnder  ^^^f^J^^J/  ^d  to  be  digested ;  for  they  are 
very' slight.  Most  of  these  P^-P  ^^^^^^^^^^^^^^  ^direct  absorption  and  assimila- 
either  hquid  or  in  solution  in  water  and  are  cj^'^  ^  .^^     3^,11  quantity  m 

tion.    With  regard  to  most  of  the  ^"^''S'^^^^J.^^f '  nitrogenized  principles, 

the  ordinary  water  taken  as  drink  er  are  "^^  ^^^f^:/^;"  ^  organic  principles  result- 
In  the  latter  case,  tl^^y  t™:^^^^^^  various  peptones  have  been 
ing  from  stomach-digestion.    We  have  aireauj' 
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found  to  contain  tho  same  inorganic  constituents  which  existed  in  the  nitrogenized  prin- 
ciples from  which  they  are  formed. 

Some  discussion  has  arisen  with  regard  to  the  action  of  the  fluids  of  the  stomach  upon 
the  phosphate  and  the  carbonate  of  lime,  salts  which  are  considered  nearly  if  not  en- 
tirely insoluble.  The  action  upon  these  principles  is  interesting,  as  they  are  essential 
constituents  of  the  osseous  tissues.  Observations  in  both  natural  and  artificial  digestion 
have  shown  that  the  calcareous  constituents  of  bone  are,  to  a  certain  extent,  dissolved 
in  the  gastric  juice.  Bones  are  digested  to  a  considerable  extent  in  the  stomach,  although 
the  greater  part  passes  through  the  alimentary  canal  and  is  discharged  unchanged  in  the 
faeces.  Beaumont  has  shown  this  to  be  true  in  the  human  subject  by  experiments  which 
he  performed,  out  of  the  body,  with  gastric  juice  taken  from  St.  Martin.  In  these  ob- 
servations, after  a  certain  portion  of  the  bone  had  been  dissolved,  the  action  was  in- 
creased by  the  addition  of  fresh  gastric  juice.  In  the  natural  process  of  digestion,  the 
solution  of  the  calcareous  elements  of  bone  is  more  rapid  than  in  artificial  digestion, 
from  the  fact  that  the  juice  is  being  continually  absorbed  and  secreted  anew  by  the  mu- 
cous membrane  of  the  stomach. 

Duration  of  Stomach-Digestion. 

Now  that  the  relative  importance  of  the  stomach  and  the  small  intestines  in  digestion 
is  more  fuHy  understood,  less  interest  is  attached  to  the  length  of  time  requii-ed  for  the 
action  of  the  gastric  juice  upon  diiferent  articles  of  food  tl:an  formerly,  when  the  stom- 
ach was  regarded  as  the  principal,  if  not  the  sole  digestive  organ.  It  was  thought  at 
one  time  that  the  food  was  converted  in  the  stomach  into  a  pultaceous  mass  called  chyme, 
which  passed  into  the  intestine,  where  the  assimilable  portion,  the  chyle,  was  separated 
and  absorbed  by  the  lacteals.  Beaumont,  in  preparing  the  elaborate  table  which  has 
been  so  much  quoted,  conceived  that  the  simple  action  of  the  gastric  juice  represented 
the  chief  part  of  the  digestive  process;  and  that  it  was  possible,  from  experiments  with 
this  fluid,  to  ascertain  the  digestibility  of  different  articles.  From  this  point  of  view,  he 
regarded  fatty  substances,  which  are  now  known  to  be  digested  exclusively  in  the  small 
intestines,  as  requiring  a  very  long  time  for  their  digestion. 

Understanding,  as  we  do,  that  comparatively  few  articles,  and  these  belonging  exclu- 
sively to  the  class  of  organic  nitrogenized  principles,  are  completely  dissolved  in  the 
stomach,  it  is  evident  that  the  length  of  time  during  which  food  remains  in  this  organ,  or 
the  time  occupied  in  the  solution  of  food  by  gastric  juice,  out  of  the  body,  does  not  rep- 
resent the  absolute  digestibility  of  different  articles.  It  is,  nevertheless,  an  interesting  and 
an  important  question  to  ascertain,  as  nearly  as  possible,  the  duration  of  stomach-digestion. 

There  has  certainly  never  been  presented  so  favorable  an  opportunity  for  determining 
the  duration  of  stomach-digestion  as  in  the  case  of  St.  Martin.  From  a  great  number 
of  observations  made  on  digestion  in  the  stomach  itself,  Beaumont  came  to  the  con- 
clusion that  "the  time  ordinarily  required  for  the  disposal  of  a  moderate  meal  of  the 
fibrous  parts  of  meat,  with  bread,  etc.,  is  three  to  three  and  a  half  hours."  The  obser- 
vations of  Prof.  F.  G.  Smith,  made  upon  St.  Martin  many  years  later,  give  two  hours  as 
the  longest  time  that  aliments  remained  in  the  stomach.  In  a  remarkable  case  of  intes- 
tinal fistula,  reported  by  Prof.  Busch,  of  Bonn,  it  was'noted  that  food  began  to  pass  out 
of  the  stomach  into  the  intestines  fifteen  minutes  after  its  ingestion  and  continued  to 
pass  for  three  or  four  hours,  until  the  stomach  was  emptied. 

Undoubtedly,  the  duration  of  stomach-digestion  varies  in  dificrent  individuals  and  is 
greatly  dependent  upon  the  kind  and  quantity  of  food  taken,  conditions  of  the  nervous 
system,  exercise,  etc.  As  a  mere  approximation,  the  average  time  that  food  remains  in 
the  stomach  after  an  ordinary  meal  may  be  stated  to  bo  from  two  to  four  hours. 

Di(jestihility  of  Different  Aliments  in  the  Stomach.— W e  are  indebted  to  Beaumont 
for  nearly  all  that  is  positively  known  regarding  the  facility  with  which  different  articles 


350 


DIGESTION. 


are  disposed  of  ia  the  stomach.    WhQo  it  i.  fully  understood  that  most  of  the  suhs  ances 
Txpe  imcnted  upon  by  him  are  not  co„>pletely  digested  by  the  gastr.e  jmee,  and  although 
wa  ottn  w  ong  In  assuming  that  articles  of  food  were  digested  when  they  had  no 
I  cire    omple^^^^^^  and  consequently  endosmotic,  the  table  wh,ch  he  prepared 

S^rmucl  the  re-  o^su.^ 

considered.    As  many  oi  i^""  ^  •'    ,      , .  nmner  in  making  the  selections  from 

TaUe  shov^ing  the  mgestmity  of  various  Alirnentary  SuUtanoes  in  tU 

Stomach.  (Beaumont.) 


Articles  of  Dlol. 


Milk  

do  

Eggs,  fresh. 

do.  do. 


do.  do  

do.  do  

do.  do  

do.  do  

Custard  

Codflsh,  cured  dry..  

Trout,  salmon,  frpsli  

do.       do.  do  

Bass,  striped,  do  

Flounder,  do  

Catflsli,  do  

Salmon,  salted  

Oysters,  fresh  

do.  do  

do.  do  

Venlsou  steak  

Pig,  sucking  

Lamb,  fresh  

Beef,  fresli,  lean,  rare... 

Beef-steak  ••  

Beef,  fresh,  lean,  dry 
do.   with  mustard,  etc. 

do.  with  salt  only  

do  •  

Mutton,  Iresh  

do.  do  

do.  do  

Veal,  fresh  

do.  do  

Pork,  steak  

do.    fat  and  lean  

do.    recently  salted... 
do.  do. 
do.  do. 
do.  do. 
do.  do. 

Turkey,  wild  • . . 

do.  domusticalod.. 
do.  do. 
Ooose,  wild  


Mode  of  Prepara- 
tion. 


Boiled 
Kaw 
do. 
Whipped 
Roasted 
Soft-boiled 
Hard-boiled 
Fried 
Baked 
Boiled 
do. 
Fried 
Broiled 
Fried 

do. 
Boiled 
Raw 
Roasted 
Stewed 
Broiled 
Roasted 
Broiled 
Roasted 
Broiled 
Boasted 
Boiled 
do. 
Fried 
Broiled 
Boiled 
Roasted 
Broiled 
Fried 
Broiled 
Roasted 

Raw 
Stewed 
Broiled 
Fried 
Boiled 
Roasted 
Boiled 
Roasted 
do. 


2-00 
2-15 

2-  00 

1-  30 
215 

3-  00 
8-30 
8-30 

2-  45 

2-  00 
1-.30 

1-  30 

3-  00 
3-30 
3-30 
4' 00 

2-  55 
315 
8-30 

1-  35 

2-  30 

2-  30 
800 

3-  00 
3- -SO 
310 

3-  36 

4-  00 

3-  no 

300 
8-15 

4-  00 

4-  30 
3-15 

5-  15 
3-00 
3-00 

3-  IB 

4-  15 
4-30 
2-18 
2-25 
2-30 
2  80 


Arllcles  of  Diet. 


Mode  of  Prepara- 
tioD. 


Chicken,  full  grown  

Fowls,  domestic  

do.        do.   I 

Ducks,  domesticated  ] 

do.  wild  

Soup,  barley  

do.  bean  

chicken  

mutton  

oyster  

beef,    vegetables,  I 

and  bread  S 

marrow-bones  

Piys'  feet,  soused  

Tripe,         do  ••■ 

Brains,  animal....  

Spinal  marrow,  animal  

Liver,  beeves',  fresh  

Aponeurosis  

Heart,  animal  


do. 
do. 
do. 
do. 

do. 


Cartilage. 

Hash?  meat  'and'vegetaWes.  | 

Sausage,  fresh  | 

Gelatine  

Cheese,  old,  eirong  

Green  corn  and  beans  

Beans,  pod  

Parsnips  

Potatoes,  Irish  

do.  do  

do.       do  i 

Cabbage,  bead...  ' 

do.       do.  with  vinegar; 

do.  do  

Carrot,  orange  ] 

Turnips,  flat  | 

Beets  < 

Bread,  corn.....---  i 

do.    wheat,  fresh  , 

Apples,  sweet,  mellow  

do.    sour,  do.   

do.      do.    hard  | 


Fricasseed 
Boiled 
Roasted 

do. 

do. 
Boiled 

do. 

do. 

do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 
Broiled 
Boiled 
Fried 
Boiled 

do. 
Warmed 
Broiled 
Boiled 
Raw 
Boiled 
do. 
do. 
Boasted 
Baked 
Boiled 
Raw 
do. 
Boiled 
do. 
do. 
do. 
Baked 
do. 
Raw 
do. 
do. 


2-  45 
4-00 
4-00 
4-00 
4-30 
1-30 

3-  00 
300 
3-30 

3-  30 

4-  00 

4-15 
100 
1-00 

1-  45 

2-  40 
200 
300 
4-00 
4-15 
B-30 

2-  30 

3-  20 

2-  30 

3-  30 
3-45 
2-30 
2-30 
2-30 

2-  30 

3-  30 
2-30 
2-00 

4-  30 
313 
8-.W 
8-45 
8-15 

5-  30 

1-  30 
200 

2-  50 
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Most  of  the  facts  recorcled  in  tho  above  table  are  in  accordance  with  the  popular  ideas 
regarding  the  digestibility  of  various  articles,  based  upon  general  experience.  With  these 
as  a  guide,  the  following  may  be  taken  as  a  summary  of  what  is  known  regarding  the 
facility  with  which  different  articles  are  disposed  of  in  the  stomach  : 

Milk  is  one  of  the  articles  digested  in  the  stomach  with  greatest  ease.  Its  higlily-nu- 
tritive  properties  and  the  variety  of  principles  which  it  contains  render  it  extremely  valu- 
able as  an  article  of  diet,  particularly  when  the  digestive  powers  are  impaired  and  when 
it  is  important  to  supply  the  system  with  considerable  nutriment.  Eggs  are  likewise 
highly  nutritious  and  are  easily  digested.  Eaw  and  soft-boiled  eggs  are  more  easily 
digested  than  hard-boiled.  Whipped  eggs  are  apparently  disposed  of  with  great  facility. 
As  a  rule,  the  flesh  of  fish  is  more  easily  digested  than  that  of  the  warm-blooded  animals. 
Oysters,  especially  when  raw,  are  quite  easy  of  digestion.  The  llesh  of  mammals  seems 
to  be  more  easily  digested  than  the  flesh  of  birds.  Of  the  different  kinds  of  meat,  veni- 
son, lamb,  beef,  and  mutton  are  easily  digested,  while  veal  and  fat  roast-pork  are  digested 
with  difiiculty.  Soups  are  generally  very  easily  digested.  The  animal  substances  which 
were  found  to  be  digested  most  rapidly,  however,  were  tripe,  pigs'  feet,  and  brains. 
Vegetable  articles  are  represented  in  the  table  as  being  digested  in  about  the  same  time 
as  ordinary  animal  food ;  but  a  great  part  of  the  digestion  of  these  substances  takes  place 
in  the  small  intestine.  Bread  is  digested  in  about  the  time  required  for  the  digestion  of 
the  ordinary  meats. 


Circumstances  lohich  influence  Stomach-Digestion. 

The  various  conditions  which  influence  stomach-digestion,  except  those  which  relate 
exclusively  to  the  character  or  the  quantity  of  food,  operate  mainly  by  influencing  the 
quantity  and  quality  of  the  gastric  juice.  It  is  seldom,  if  ever,  that  temperature  has  any 
influence ;  for  the  temperature  of  the  stomach  in  health  does  not  present  variations  sufli- 
cient  to  have  any  marked  effect  upon  digestion.  Experiments  in  artiflcial  digestion  have 
shown  that  alimentary  substances  are  most  vigorously  acted  upon  when  maintained  in 
contact  with  gastric  juice  at  or  near  100°  Fahr. 

As  a  rule,  gentle  exercise,  conjoined  with  repose  or  agi-eeable  and  tranquil  occupation 
of  the  mind,  is  more  favorable  to  digestion  than  absolute  rest.  Violent  exercise  or  severe 
mental  or  physical  exertion  is  always  undesirable  immediately  after  the  ingestion  of  a 
large  quantity  of  food,  and,  as  a  matter  of  common  experience,  has  been  found  to  retard 
digestion.  Sleep,  if  light  and  taken  in  the  sitting  posture,  seems  almost  necessary  to  easy 
digestion  in  many  persons ;  but  it  should  be  continued  for  only  a  few  minutes.  A  pro- 
longed and  deep  sleep  immediately  after  a  full  meal  is  almost  always  injurious,  and  ex- 
traordmary  heavmess  at  that  time  is  generally  an  indication  that  too  much  food  has  been 
taken. 

The  effects  of  sudden  and  considerable  loss  of  blood  upon  stomach-digestion  are  very 
marked.  After  a  full  meal,  the  whole  alimentary  tract  is  deeply  congested,  and  this  con- 
dition is  undoubtedly  necessary  to  the  secretion,  in  proper  quantity,  of  the  various  diges- 
tive fluids.  When  the  entire  quantity  of  blood  in  the  economy  is  greatly  diminished  from 
.  any  cause,  there  is  a  dilBculty  in  supplying  the  amount  of  gastric  juice  necessary  for  a 
very  full  meal,  and  disorders  of  digestion  are  apt  to  oocur,  especially  if  a  large  quantity 
of  food  have  been  taken.  This  is  also  true  in  inanition,  when  the  quantity  of  blood  is 
greatly  diminished.  In  this  condition,  although  the  system  constantly  craves  nourish- 
ment and  the  appetite  is  frequently  enormous,  food  should  be  taken  in  small  quantities  at 
a  time. 

As  a  rule,  chUdren  and  young  persons  digest  food  which  is  adapted  to  them  more 
easily  and  in  larger  relative  quantity  than  those  in  adult  life  or  in  old  age  ;  but,  ordina- 
rily, in  old  age,  the  digestive  processes  are  carried  on  with  more  vigor  and  regularity 
than  the  other  vegetative  functions,  such  as  general  assimilation,  circulation,  or  respiration. 
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Infiuence  of  the  Nev^om  System  on  the  Stomach.-lt  is  well  known  that  mental 
emotions  fro<iuontly  lu.vo  a  marked  influence  on  digestion,  '^'^f.  *  ^^^^ZleTto  S'e 
place  onlr  through  the  nervous  system.  Of  the  two  nerves  which  are  distubuted  to  the 
stomach,  the  pneumogastrie  has  been  the  more  carefully  studied,  experiments  upon  the 
yZathetic  being  difficult  and  unsatisfactory.  Although  the  comp  ete  history  of  the 
nTurnee  t  the  pn'eumogastric  nerves  upon  digestion  belongs  to  the  section  on  he  nervous 
system  it  will  be  interesting  in  this  connection  to  consider  briefly  some  of  the  facts 
which  have  been  ascertained  with  regard  to  the  influence  which  these  nerves  exert  upon 

^'''Iftrsttion  of  the  pneumogastrie  nerves  in  the  neck,  acts  of  deglutition  are  apparent- 
ly ptrformed,  but  the  food  usually  collects  in  and  distends  the  paralyzed  cBSophagus  and 
does  no  pas  to  the  stomach.  It  is  not  surprising,  therefore,  that  the  first  experiments 
upon  th  Lfluence  of  the  pneumogastrics  on  digestion  should  have  been  contradictory  some 
contendln"  that  section  of  the  nerves  arrested  stomach-digestion,  while  others  mamtained 
hS  the  nli  ves  had  little  or  no  influence  upon  the  stomach.  It  is  evident  that,  without 
an  pprecX  of  the  effects  of  section  of  the  pneumogastrics  upon  Je^J^^^-;^^--- 
tions  on  the  influence  of  their  section  upon  stomach-digestion  would  be  of  httle  value, 
'"^experiments  of  Longet  seem  to  show  that,  while  section  on^^o^^oj^^-^^ 
the  neck  undoubtedly  diminishes  the  secretion  of  gastric  jmce,  the  production  o  this  fluid 

to  the  action  of  the  gastric  juice  satisfactory.  When 

The  experiments  of  Bernard  on  this  subject      veiy  cie  ^ 
the  mucous  membrane  of  the  stomach  was  turgid  with  ^J^^M^^  Ji^  „igM 

full  digestion  and  provided  with  a  l-'B-  f  jf^^^^^^  pneumogastrics  were  divided  in 
take  place  in  the  stomach  could  be  readily  ^^^^^^^  the  secretion  of 

the  neek.  At  once  the  mucous  membrane  ^^^^^^j.^^'^^^Xn  of  the  pneumogastrics 
gastric  juice  was  arrested.  When  the  animal  ^'^^  f^^X;™,,,,^^  ar- 
Ling  'digestion,  it  was  remarked  that  the  ^^^^^^^^'^ ^^'^^^^  as  the  villi  of  the 

rested,  the  lacteals  being  found  to  --t^^^  '^S tfo  ^astric  ju^  which  might  exist 
intestines.  According  to  these  'f^l^'^'^^/f^^'llZ^^^^^^^  .vould  continue,  but  no  new 
in  the  stomach  at  the  time  of  section  of  t^^^.  P^^^^^lf^^'^^^  be  neutralized,  digestion 
fluid  is  secreted;  and,  if  the  fluid  thus  remamng  in  th^^s^^^^^^^  ^ 

is  immediately  arrested.  In  one  ^^P^;^^"*  "^^^^^^.a  Loduced  meat  finely  divided, 
divided,  having  previously  ^^^'f^^\f'^Z^^^^^^^^  and  an  alkaline  reaction,  the 
The  next  day,  the  meat  had  a  .^-t-^^^^^;  " ^^^^^^  ,,ow  only  an  immediate  arrest 
result  of  spontaneous  decomposition.   ^^'^  ^^^'^  instances,  in  which  amma  s 

of  the  secretion  of  the  gastric  juice  In  ^J^^^^/J^ys  or  sometimes  even  recover,  it 
survive  the  section  of  both  nerves  for  a  takes  place  in  the  stomach 

has  been  noted  that,  after  a  few  days,  an  a^i^  ^^^^  the  effects  of  section  of 

Although  much  confusion  exists  in  tl^^-J^^  [J^^^^  ,rawn  from  recent  experi- 

the  pneumogastrics  upon  the  stomach,  the  conclusions 

ments  are  tolerably  definite. 
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There  can  be  no  doubt  that  division  of  both  these  nerves  produces  immediate  and 
grave  disorder  in  the  process  of  stomach-digestion,  amounting,  it  is  more  than  probable, 
to  complete  arrest  of  the  secretion  of  the  gastric  juice.  Its  secretion  may  be  induced 
again  by  local  stimulation,  but  the  quantity  is  always  greatly  diminished.  Under  these 
crrcumstances,  it  is  possible  that  very  small  quantities  of  food  may  be  digested  in  the 
stomach  a  day  or  two  after  the  operation ;  and,  if  the  animal  survive  for  a  considerable 
time  the  secretion  may  be  to  a  certain  extent  reestablished.  Serious  trouble  in  stomach- 
digestion  is  produced  by  the  paralysis  of  the  muscular  coats  of  the  stomach  consequent 
upon  section  of  both  pneuraogastrics. 

Movements  of  the  Stomach.— As  the  articles  of  food  are  passed  into  the  stomach  by 
the  acts  of  deglutition,  the  organ  gradually  changes  its  form,  size,  and  position.  When 
the  stomach  is  empty,  the  opposite  surfaces  of  its  lining  membrane  are  in  contact  in 
many  parts  and  are  thrown  into  numerous  longitudinal  folds.  As  the  organ  is  distended, 
these  folds  are  effaced,  the  stomach  itself  becoming  more  rounded;  and,  as  the  two  ends 
with  the  lesser  curvature  are  comparatively  immovable,  the  whole  organ  undergoes  a 
movement  of  rotation,  by  which  the  anterior  face  becomes  superior  and  is  applied  to  the 
diaphragm.  At  this  time  the  great  pouch  has  nearly  filled  the  left  hypochondriac  region, 
the  greater  curvature  looks  anteriorly,  and  comes  in  contact  with  the  abdominal  walls. 
Aside  from  these  changes,  which  are  merely  due  to  the  distention,  the  stomach  nnder- 
goes  important  movements,  which  continue  until  its  contents  have  been  dissolved  and 
absorbed  or  have  passed  out  at  the  pylorus.  But  while  these  movements  are  taking 
place,  the  two  orifices  are  guarded,  so  that  the  food  shall  remain  for  the  proper  time 
exposed  to  the  action  of  the  gastric  juice.  We  have  already  noted  the  rhythmical  con- 
tractions of  the  lower  extremity  of  the  oesophagus,  by  which  regurgitation  of  food  is 
prevented ;  and  the  circular  fibres,  which  form  a  thick  ring  at  the  pylorus,  are  constantly 
contracted,  so  that,  at  least  dui-ing  the  first  periods  of  digestion,  only  liquids  and  that 
portion  of  food  which  has  been  reduced  to  a  pultaceous  consistence  can  pass  into  the 
small  intestine.  It  is  well  known  that  this  resistance  at  the  pylorus  does  not  endure  in- 
definitely, for  indigestible  articles  of  considerable  size,  such  as  stones,  have  been  passed 
by  the  anus  after  having  been  introduced  into  the  stomach  ;  but  observation  has  shown 
that  masses  of  digestible  matter  are  passed  by  the  movements  of  the  stomach  to  the 
pylorus,  over  and  over  again,  and  that  they  do  not  find  their  way  into  the  intestine  until 
they  have  become  softened  and  broken  down. 

The  contractions  of  the  walls  of  the  stomach  are  of  the  kind  characteristic  of  the 
non-striated  muscular  fibres.  If  the  finger  be  introduced  into  the  stomach  of  a  living 
animal  during  digestion,  it  is  gently  but  rather  firmly  grasped  by  a  contraction,  which  is 
slow  and  gradual,  enduring  for  a  few  seconds,  and  as  slowly  and  gradually  relaxing  and 
extending  to  another  part.  The  movements  during  digestion  undoubtedly  present  certain 
differences  in  different  animals ;  but  there  can  be  no  doubt  that  the  phenomenon  is  univer- 
sal. In  dogs,  when  the  abdomen  is  opened  soon  after  the  ingestion  of  food,  the  stomach 
appears  pretty  firmly  contracted  on  its  contents.  In  a  case  reported  by  Todd  and  Bow- 
man, in  the  human  subject,  in  which  the  stomach  was  very  much  hypertrophied  and  the 
walls  of  the  abdomen  were  very  thin,  the  vermicular  movements  could  be  distinctly 
seen.  These  movements  were  active,  resembling  the'peristaltic  movements  of  the  intes- 
tines, for  which,  indeed,  they  were  mistaken,  as  the  nature  of  the  case  was  not  recog- 
nized during  life.  No  argument,  therefore,  seems  necessary  to  show  that,  during  diges- 
tion, the  stomach  is  the  seat  of  tolerably  active  movements. 

A  peculiarity  in  the  movements  of  the  stomach,  which  has  been  repeatedly  observed 
ia  the  lower  animals,  particularly  dogs  and  cats,  and  in  certain  cases  has  been  confirmed 
m  the  human  subject,  is  that,  at  about  the  junction  of  the  cardiac  two-thirds  with  the 
pyloric  tliird,  there  is  frequently  a  transverse  band  of  fibres  so  firmly  contracted  as  to 
divide  the  cavity  into  two  almost  distinct  compartments.  It  has  also  been  noted  that  the 
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contractions  in  the  cardiac  division  are  muoli  less  vigorous  than  near  the  pylorus ;  the 
stomach  seeming  simply  to  adapt  itself  to  the  food  by  a  gentle  pressure  as  it  remains  in 
the  great  pouch,  while,  in  the  pyloric  portion,  divided  oli'  as  it  is  by  the  hour-glass  con- 
traction above-mentioned,  the  movements  are  more  frequent,  vigorous,  and  expulsive. 
Wo  nmst  again  refer,  however,  to  the  observations  of  Beaumont  for  the  only  accurate 
description  of  the  movements  of  the  stomach,  as  they  take  place  during  digestion  in  the 
human  subject. 

The  experiments  of  Beaumont  were  generally  made  with  the  subject  lying  on  the 
right  side,  and  the  movements  of  the  stomach  were  observed  by  following  with  tbe  eye  a 
particular  morsel  of  food  as  it  passed  along,  or  by  introducing  the  bulb  of  a  thermometer 
into  the  organ  and  allowing  it  to  move  with  the  alimentary  mass.  It  was  invariably 
found  that  the  movements  of  the  thermometer-bulb  were  the  same  as  those  observed  by 
identifying  and  following  a  particular  portion  of  food.  As  the  alimentary  bolus  enters 
bv  the  cardiac  opening,  it  turns  to  the  left,  descends  into  the  greater  pouch,  and  follows 
the  greater  curvature  to  the  pyloric  end.  It  then  returns  to  the  cardiac  orifice  by  the 
lesser  curvature  and  takes  again  tlie  same  course  as  before.  While  these  revolutions,  so 
to  speak,  of  the  alimentary  mass  are  going  on,  the  food  is  turned  over  and  over,  so  that 
it  becomes  intimately  mixed  with  the  digestive  fluids  and  subjected  to  a  certain  amount 
of  trituration.  This  action  is  undoubtedly  of  great  importance,  as  fresh  portions  of  food 
are  thereby  successively  exposed  to  the  action  of  the  gastric  juice,  and  the  boluses,  with 
their  particles  agglutinated  to  a  certain  extent  m  the  mouth,  are  disintegrated  and  pene- 
trated with  the  gastric  fluid  in  every  part.  i  • 

A  marked  diflerence  was  observed  between  the  movements  in  the  cardiac  and  m  tue 
pyloric  portion.  When  the  thermometer-bulb  arrived  at  the  contracted  septum  which 
was  three  or  fom-  inches  from  the  pyloric  end,  it  was  at  first  stopped  by  the  forcible  con- 
traction- but,  in  a  short  time,  there  was  a  gentle  relaxation  which  allowed  it  to  pass, 
when  J'wardrawn  quite  forcibly  for  three  or  four  inches  toward  the  pyloric  opening. 
When  1  tWs  portion  of  the  stomach,  the  bulb  was  firmly  grasped  and  made  to  uiidergo 
TspiXot ir  and,  if  drawn  forcibly  out,  it  gave  to  the  fingers  the  sensation  of  being 
:  Jd  b  TlTn,  suction  force.  As  soon  as  relaxation  occurs,  the  hi  b  ;s  passed  h  k 
the  seat  of  stricture,  and,  when  pulled  through  this,  it  moves  ^-Ij  ^  "7^^^^ 
Each  one  of  these  revolutions  was  found  to  occupy  from  one  to  three  mmutes.  Ihey 

were  slower  at  first  than  after  digestion  had  been  ^7?^^^^^  rreotted  when  we  con- 

Themechanismofthemovemet.softhes^^^^^^^^^^^^^ 
sider  the  number  and  varied  du-ection  ot  tbe  noies  wmo   _  displaced  with 

stomach,  and  the  fact  that  the  stomach,  when  distended,  -  ---  -  J^;^  t  the  pyloric 
every  m'ovement  of  the  diaphragm.  ^^^V J^^.^.^'S; 

portion,  where  the  muscular  fibres  are  thickest        t^^^™  ^  the  rest  of  the 

tively  small,  the  movements  should  be  more  vigorous  and  ^^^^Zts  of  the  stomach  are 
organ.    We  have  already  alluded  to  *f      .^Td  these  nerves  are 

animated  by  the  pneuinogastric  nerves  and  become  anesteu 

divided.  T!„„„rr,r,Ti+  the  following  may  be  taken  as 

As  the  result  chiefly  of  the  observations  of  ^^eat™ont  the  tolio  g 

a  summary  of  the  physiological  movements  of  ^^^f  ^^^^^^f  ^ ^  ^ssed  into  its  cavity. 

The  stomach  normally  midergoes  no  movements  untd  iooi'lll  becomes  congested 
Wlien  food  is  received,  at  the  same  time  that  the  -^-'^"^^^^^1^^^^^  begin, 
and  the  secretion  of  gastric  juice  commences,  ,„t  becom; 

which  are  slow  and  irregular  during  the  ^on^^^'^^oement  o^  s^o^^^^^  ^ 
more  vigorous  and  regular  as  the  process  advances^  Afte  ^^^^ J  contraction 
established,  the  stomach  is  generally  <^^f'^^^;^,:t^^^^  occupying 
of  a  transverse  band  of  fibres,  into  a  cardmc  and  ^  P^'^^ f  ™ '  ^he  contractions 
about  two-thirds,  and  the  latter,  one-third  of  the  l^"e*°**  :;^";^tle  while,  in  the 
of  the  cardiac  division  of  the  stomach  are  uniform  and  rather  gentle,  w  , 
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pyloric  division,  they  are  intermittent  and  more  expulsive.  The  eifect  of  the  contractions 
of  the  stomach  upon  the  food  contained  in  its  cavity  is  to  subject  it  to  a  tolerably  uniform 
pressure,  with  a  certain  amount  of  trituration  and  agitation,  in  tlio  cardiac  portion,  the 
general  tendency  of  the  movement  being  toward  the  pylorus  along  the  greater  curvature, 
and  back  from  the  pylorus  toward  the  great  pouch  along  the  lesser  curvature.  At  the 
constricted  part,  which  separates  the  cardiac  from  the  pyloric  portion,  there  is  an  ob- 
struction to  the  passage  of  the  food  until  it  has  been  sufficiently  acted  upon  by  the  secre- 
tions in  the  cardiac  division  to  have  become  reduced  to  a  pultaceous  consistence.  The  ali- 
mentary mass  then  passes  into  the  pyloric  division,  and,  by  a  more  powerful  contraction 
than  occurs  in  other  parts  of  the  stomach,  it  is  passed  into  the  small  intestine.  This 
completes  the  distinction  between  the  two  portions  of  the  stomach,  the  cardiac  division 
only,  as  we  have  already  seen,  possessing  a  mucous  membrane  capable  of  secreting  the 
true  solvent  gastric  juice. 

The  revolutions  of  the  alimentary  mass,  thus  accomplished,  take  place  slowly,  by  gen- 
tle and  persistent  contractions  of  the  muscular  coat;  the  food  occupying  from  one  to 
three  minutes  in  its  passage  entu-ely  around  the  stomach.  Every  time  that  a  revolution 
is  accomplished,  the  contents  of  the  stomach  are  somewhat  diminished  in  quantity ; 
probably,  in  a  slight  degree,  from  absorption  of  digested  mater  by  the  stomach  itself,  but 
chiefly  by  the  gradual  passage  of  the  softened  and  disintegrated  mass  into  the  small  intes- 
tine. This  process  continues  until  the  stomach  is  emptied,  occupying  a  period  of  from 
two  to  four  hours  ;  after  which,  the  movements  of  the  stomach  cease  until  food  is  again 
introduced. 

Regurgitation  of  Food,  and  Eructation. 

Regurgitation  of  part  of  the  contents  of  the  stomach,  in  the  human  subject,  although 
of  frequent  occurrence,  particularly  in  early  life,  is  not  strictly  a  physiological  act ;  and 
this  is  always  due  either  to  overloading  of  the  stomach  or  to  some  pathological  condition. 
But  in  some  of  the  inferior  animals  this  is  habitual ;  a  certain  class,  called  ruminants, 
regularly  passing  the  food,  after  the  first  deglutition,  in  small  quantities  from  the  paunch 
into  the  mouth,  where  it  undergoes  a  second  mastication  and  is  only  then  permitted  to 
pass  to  the  secretmg  stomach  and  the  rest  of  the  alimentary  canal.  Animals  of  this 
class,  examples  of  which  are  the  ox,  sheep,  goat,  camel,  and  the  deer  tribe,  are  invari- 
ably herbivorous  and  take  into  the  stomach  a  large  bulk  of  matter  from  which  is  elabo- 
rated a  comparatively  small  quantity  of  nutriment.  During  the  period  when  they  are 
nourished  by  milk,  rumination  does  not  take  place. 

Considerable  interest  is  attached  to  the  function  of  rumination  in  the  inferior  ani- 
mals, in  connection  with  human  physiology,  from  the  fact  that  an  analogous  process  has 
sometimes  been  observed  in  the  human  subject ;  though  this  is  rare  and  is  generally  con- 
nected with  a  pathological  condition.  Such  cases  have  been  often  quoted,  and,  in  the 
earlier  works  on  physiology,  were  frequently  exaggerated  ;  but,  a  few  instances,  well  au- 
thenticated, are  on  record  in  which  rumination  had  become  habitual.  A  very  remark- 
able case  of  this  kmd  is  reported  by  Home.  The  subject  was  an  idiot-boy,  aged  nineteen 
years,  who  had  an  appetite  so  ravenous  that  it  became  necessary  to  restrict  the  quantity 
of  food.  At  dinner  he  ordinarily  ate  about  a  pound  and  a  half  of  meat  and  vegetables, 
swallowing  the  whole  in  two  minutes.  He  began  to  cBbw  the  cud  at  the  end  of  a  quar- 
ter of  an  hour.  The  muscles  of  the  throat  could  be  seen  to  contract  when  the  bolus  was 
passed  back  to  the  mouth.  He  chewed  the  food  by  two  or  three  movements  of  the  jaws 
and  then  swallowed  it  again.  This  was  repeated  at  intervals  for  half  an  hour,  during 
which  time  he  was  always  more  quiet  than  usual.  The  intellect  was  so  feeble  that  it  was 
impossible  to  ascertain  whether  the  rumination  were  voluntary  or  involuntary.  One  of 
the  cases  of  rumination  most  frequently  referred  to  is  tliat  of  M.  Cambay,  who  studied 
the  phenomena  in  his  own  person  and  made  it  the  subject  of  an  inaugural  thesis  •  and 
another  is  the  case  of  tlie  brother  of  M.  P.  Bdrard.    In  these  instances,  as  far  as  could 
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be  ascertained  from  the  sensations  during  the  act,  the  regurgitation  of  food  was  effected 
by  persistent  contractions  of  the  muscular  walls  of  the  stomach,  assisted  by  a  sl.ght  and 
almost  involuntary  contraction  of  the  abdominal  muscles  and  diaphragm^  It  is  stated  by 
Oambay  that,  in  his  ease,  the  taste  of  the  articles  of  food  was  not  modified,  '  but  ha 
is  with  something  of  a  sense  of  pleasure  that  the  ruminator  thus  causes  to  ^^^^^'^  ^^^l 
mouth  the  aliments  that  he  has  taken  into  the  stomach,  which  makes  them  undergo  a 

Vum"al°n"iii  the  human  subject  is  not  a  physiological  act.  It  is  evident  that  the  sub- 
stances returned  to  the  mouth  are  not  usually  impregnated  with  the  gastric  jmce,  for  they 
have  not  the  disagreeable  acid  taste  of  ordinary  vomited  matters.  The  acts  are  general  y 
Tireceded  by  a  sense  of  fulness  in  the  stomach,  and  their  mechanism  is  probab  y  nearly 
[he  same  as  that  of  the  regurgitation  of  smaU  quantities  of  milk  from  the  distended 
stomachs  of  young  children,  which  is  so  common.  In  the  person  of  Cambay  the  farst 
act  was  said  to  be  voluntary,  but  succeeding  ones  were  not  under  the  control  of  the  wiU 
Undoubtedly,  the  faculty  of  regurgitating  the  food  may  be  improved  l^y  practice,  and 
we  have  known  of  an  instance  in  which  it  was  apparently  cultivated  as  an  accom- 

^^''?he  mechanism  of  regurgitation  of  portions  of  the  contents  of  the  stomach,  aside 
from  instates  simulating  rumination,  has  been  so  often  alluded  to  that  it  demands  m  this 
Section  but  a  passing  mention.  In  some  persons,  this  act  ^e  -complished^^^^^^^ 
voluntary  muscular  effort,  especially  when  the  stomach  is  ''f^  ^^^4^" 
banoens  when  the  stomach  is  somewhat  distended,  that  a  small  portion  of  its  contents 
Senly  Ids  its  way  to  the  mouth  without  even  the  consciousness  of  the  indiv  duah 

stomach  being  passive.  v      „      th^  mouth  accompanied  with  a  pe- 

The  discharge  of  gases  from  the  cBsophagus  by  tje  ^  ^  without 

culiar  and  characteristic  sound,  is  very  .^^^^^  -^^^^^^^^^ 

any  marked  contraction  of  ^^^^ -"^^^  d^^^^^  the  passage  even  of 

little  force.   UsuaUy,  the  cardia  is  so  effectually  ^^^^^         ^  ^^-^     ^^ii^g.  ^hen 

gases ;  and,  in  eructation,  ^^^^^^.^-f^^XTZ7r^^^^^  stomach  an!  CBSopha- 
thus  relaxed,  the  act  is  accomplished  «^^f  ^  ^/  ^"^^  ,„^^^,ive  movements  of  the 
gus.    It  is  generaUy  accompanied  or  preceded  by  e^siWe  ^^^^^  ^^^^^ 

Lophagus,  involving  possibly,  -"^^-J^^^^^^^^^^^  this  act  is  some- 

relaxation  of  the  cardiac  opening    Althoug   it  is  us     y  ^^^^^^     i^ipossible  to 
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CHAPTER  IX. 

INTESTmAL  BIQBSTIOK.—DEFJECA  TION. 

Physiolojnea!  .".natomy  of  the  small  intestine— Glands  of  Brunner — Intestinal  tubules,  or  follicles  ot  Lieborkuhn— 
Solitary  glands,  or  follicles,  and  the  patches  of  Peyer — Intestinal  juice— General  properties  of  the  intestinal 
juice — Action  of  the  intestinal  juice  in  digestion — Pancreatic  juice— Action  of  the  pancreatic  juice  in  digestion- 
Destruction  of  the  pancreas— Cases  of  fatty  diarrhoea — Action  of  the  pancreatic  juice  upon  starchy,  saccharine, 
and  nitrogenized  principles— Action  of  the  bile  in  digestion — Biliary  fistula- General  constitution  of  the  bile- 
Variations  in  the  flow  of  bile — Movements  of  the  small  intestine — Peristaltic  and  antiperistaltic  movements  

Fimction  of  the  gases  in  the  small  intestine — Influence  of  the  nervous  system  upon  the  peristaltic  movements  

Physiological  anatomy  of  the  large  intestine— Digestion  in  the  large  intestine— Contents  of  the  large  intestine- 
Composition  of  the  ffEces— Excretine  and  excretoleic  acid— Stercorine— Movements  of  the  large  intestine— Defie- 
cation — Gases  found  in  the  alimentary  canal. 

Physiological  Anatomy  of  the  Small  Intestine. 

The  small  intestine,  so  called  on  account  of  its  small  size  as  compared  with  the  rest 
of  the  intestinal  tract,  is  the  long,  cylindrical  tube  which  occupies  the  greatest  part  of 
the  abdominal  cavity.  This  must  now  be  regarded  as  the  most  important  division  of  the 
digestive  system ;  and  its  physiological  anatomy,  together  with  that  of  the  great  glands 
which  discharge  their  secretions  into  its  cavity,  is  indispensable  as  an  introduction  to 
the  study  of  intestinal  digestion.  As  it  is  in  the  small  intestine  that  the  final  elaboration 
of  most  of  the  alimentary  principles  takes  place,  and  here,  also,  that  these  principles  are 
taken  into  the  circulating  fluid,  we  shall  find,  in  our  study  of  its  anatomy,  certain  parts 
which  are  concerned  in  digestion,  and  others  which,  as  far  as  we  know,  are  connected 
only  with  the  function  of  absorption.  It  will  be  most  convenient,  however,  to  consider, 
in  this  connection,  all  the  structures  found  in  the  small  intestine  which  possess  physio- 
logical interest. 

The  small  intestine,  extending  from  the  pyloric  extremity  of  the  stomach  to  the  ileo- 
cecal valve,  is  held  to  the  spinal  column  by  a  double  fold  of  serous  membrane,  called  the 
mesentery.  As  the  peritoneum  which  lines  the  cavity  of  the  abdomen  passes  from 
either  side  to  the  spinal  column  it  comes  together  in  a  double  fold  just  in  front  of  the 
great  vessels  along  the  spine,  and,  passing  forward,  splits  again  into  two  layers,  which 
become  continuous  with  each  other  and  enclose  the  intestine,  forming  its  external  coat. 
The  widtli  of  the  mesentery  is  usually  from  three  to  four  inches;  but,  at  the  commence- 
ment and  the  termination  of  the  small  intestine^Tt  suddenly  becomes  shorter,  binding  the 
duodenum  and  that  portion  of  the  intestine  which  opens  into  the  caput  coli  closely  to  the 
subjacent  parts.  The  mesentery  thus  keeps  the  intestine  in  place  but  aUows  of  a  certain 
amount  of  motion,  so  that  the  tube  may  become  convoluted,  accommodating  itself  to  the 
size  and  form  of  the  abdominal  cavity.  The  form  of  these  convolutions  is  irregular  and 
is  continually  changing. 

The  length  of  the  small  intestine,  in  situ,  is  probably  from  fifteen  to  eighteen  feet 
(Sappey) ;  but  the  canal  is  very  distensible,  and  its  dimensions  are  subject  to  constant 
variations.  When  separated  from  the  mesentery  and  nfeasured  without  stretching,  its 
length  has  been  found  to  be,  on  an  average,  about  twenty  feet.  Its  diameter  is  about 
one  and  a  quarter  inch. 

The  smaU  intestine  has  been  divided  into  three  portions,  which  present  anatomical 
and  physiological  peculiarities,  more  or  less  marked.  These  are  the  duodenum,  the  ieiu- 
nnm,  and  the  ileum. 

The  duodenum  has  received  its  name  from  the  fact  that  it  is  about  the  length  of  the 
hreadth  of  twelve  fingers,  or  from  eight  to  ten  inches.    This  portion  of  the  intestine  is 
considerably  wider  than  the  constricted,  pyloric  end  of  the  stomach,  with  which  it  is  con- 
17 
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tinuous,  and  is  also  much  wider  than  its  continuation,  the  ,,,unnrn 
which  is  ordinarily  described  by  -f^'^^^J J^^^^^ 

called  the  hepatic  or  -f-^'^^  Por  .on  -  ^J;^"\*7X7portions  and  is  nearly  covered 
firmly  fixed  by  its  per.  oneal  attac^^^^^^^ 

rnlVrw™raX  littfe  in^rit  n.er,es  int^  the  second,  called  the  descending 


•tc.  (Sappcy.) 


Pi,-,.  aS.-SlomacK  I'ver,  small  "'*f  ',; ' '  j,;  .  4  ^iperior  surface  of  ihe 

or  vertical  portion,  the  length  of  wMch     .  ^^/LS^^^^^ 
peritoneum  only  on  its  anterior  surface  and  -  f ^     third  or  the  trans- 
Lcending  portion.    The  intestine  then  ^^"^l^^J'^^Xe  X  to  the  left  hypochon- 
verse  portion  is  horizontal  in  its  course  P^^^g^;      jf   ^^^^ower  than  the  others,  is 
drium.    This  portion  is  about  five  ^^^^l/^VuTdo-n  than  any  other  part 

but  partially  covered  by  peritoneum,  and  is  moie  nuniy 

of  the  small  intestine.  divisions  of  the  intestinal  tube,  arc 

The  coats  of  the  duodenum,  like  those  of  '^l^^^l'l  ^^^^^  ^,  peritoneal  coat,  which 
three  in  number.    Commencing  externally,  we  ^  of  the  involuntary, 

has  already  been  described.    The  middle  or  muscu  ar^^^^^^^  ^^.^ 
or  unstriped  muscular  fibres,  such  as  exist  in  ^  can  be  made 

external,  longitudinal  layer  is  not  very  thick,  and  the  direction 
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ont  easily  only  at  the  outer  portions  of  the  tube  opposite  the  attacliment  of  the  mesen- 
tery. Near  the  mesenteric  border,  the  fibres  are  very  faint.  This  is  true  throughout  the 
whole  of  the  small  intestine;  although  the  fibres  are  most  numerous  in  the  duodenum. 
The  interna],  circular,  or  transverse  layer  of  fibres  is  considerably  thicker  than  the  longi- 
tudinal layer.  These  fibres  encircle  the  tube,  running,  for  the  most  part,  at  right  angles 
to  the  external  layer,  but  some  of  them  having  rather  an  oblique  direction.  The  circu- 
lar layer  is  thickest  in  the  duodenum,  diminishing  gradually  in  thickness  to  the  middle 
of  the  jejunum,  but  after  that  maintaining  a  nearly  uniform  thickness  throughout  the 
canal  to  the  ileo-csecal  valve. 

The  jejunum,  the  second  division  of  the  small  intestine,  is  continuous  with  the  duo- 
denum. It  presents  no  well-marked  line  of  separation  from  the  third  division,  but  is 
generally  considered  to  include  the  upper  two-fifths  of  the  small  intestine,  the,  lower 
three-fifths  being  called  the  ileum.  It  has  received  the  name  jejunum  from  the  fact 
that  it  is  almost  always  found  empty  after  death.  This  portion  of  the  intestine  presents 
no  important  pecuHarities  as  regards  its  peritoneal  and  muscular  coat. 

The  ileum  Is  somewhat  narrower  and  thinner  than  the  jejunum,  otherwise  possessing 
no  marked  peculiarities  except  in  the  structure  of  its  mucous  membrane.  This  opens 
into  the  commencement  of  the  colon  and  is  the  termination  of  the  small  intestine. 

Mucous  Membrane  of  the  Small  Intestine.— The  mucous  coat  of  the  small  intestine  is 
somewhat  thinner  than  the  lining  membrane  of  the  stomach.  It  is  thickest  in  the  duo- 
denum and  graduaUy  becomes  thinner  until  we  reach  the  ileum.  It  is  highly  vascular, 
presenting,  like  the  mucous  membrane  of  the  stomach,  a  great  increase  in  the  quantity 
of  blood  during  the  process  of  digestion.  It  has  a  peculiar  soft  and  velvety  appearance 
and,  durmg  digestion,  it  is  of  a  vivid-red  color,  being  pale-pink  during  the  intervals  It 
presents  for  anatomical  description  the  following  parts:  1,  folds  of  the  membrane,  called 
valvulaa  conmventes;  2,  duodenal  racemose  glands,  or  the  glands  of  Brunner ;  3,  intesti- 
nal tubules,  or  folhcles  of  Lieberkiihn;  4,  intestinal  villi;  5,  solitary  glands,  or  follicles- 
6,  agmmated  glands,  or  patches  of  Peyer.  ' 

The  valvulaa  conniventes,  simple  transverse  duplicatures  of  the  mucous  membrane 
otthe  mtestme,  are  particularly  well  marked  in  man,  although  they  are  found  in  some 
ot  the  inferior  animals  belonging  to  the  class  of  mammals,  as  the  elephant  and  the  camel. 
Ihey  render  the  extent  of  the  mucous  membrane  much  greater  than  that  of  the  other 
coats  of  the  intestine.    Commencing  at  about  the  middle  of  the  duodenum,  they  extend 
with  no  dimmution  in  number,  throughout  the  jejunum.    In  the  ileum  they  become  pro- 
gressively more  and  more  scanty,  until  they  are  lost  at  about  its  lower  third.  Sappey 
found  about  six  hundred  of  these  folds  in  the  first  half  of  the  small  intestine  and  from  two 
hundred  to  two  hundred  and  fifty  in  the  lower  half.   He  estimates  that,  in  those  portions 
of  mtestme  where  they  are  most  abundant,  they  increase  the  length  of  the  mucous  mem- 
brane to  about  double  that  of  the  tube  itself;  but  in  the  ileum  they  do  not  increase  the 
leng  h  more  than  one-sixth.    The  folds  are  always  transverse  and  occupy  usually  from 
one-third  to  one-half  of  the  circumference  of  the  tube,  although  a  few  may  extend  entirely 
around  it.    The  greatest  width  of  each  fold  is  in  the  centre,  where  it  measures  fi-om  a 
quarter  to  half  an  inch.    From  this  the  width  gradually  diminishes  until  the  folds  are 
lost  in  the  membrane  as  it  is  attached  to  the  musculaivcoat.    Between  the  folds  are 
ouna  tibres  of  connective  tissue  similar  to  those  which  attach  the  membrane  throughout 
the  whole  of  the  alimentary  tract.    This,  though  loose,  is  constant,  and  it  prevents  the 
oms  trom  being  efi-aced,  even  when  the  intestine  is  distended  to  its  utmost.  Between 
tne  tolds  are  also  found  blood-vessels,  nerves,  and  lymphatics. 

in  >.I;f  ^v''^T  """"^  ^"-^^gement  of  the  valvule  conniventes  is  such  that  they  move  freely 

or  beW  tlSr        7^"""  ^'^t^^^^^^  '^bove 

dience  To  L       f  ,f'^<'^'°'=°t-    I*     evident  that  the  food,  as  it  passes  along  in  obe- 
nce  to  the  peristaltic  movements,  must,  by  insinuating  itself  beneath  the  folds  and 
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glands,  or  the  glands  of  Brunner.   These  are  not  tounci  ^^^^  ^^^^^^^ 

resemble  the  racemose  glands  of  the 
oesophagus.    On  dissecting  the  muscu- 
lar coat  from  the  raucous  membrane, 
they  may  be  seen  with  the  naked  eye, 
in  the  areolar  tissue,  in  the  form  of  lit- 
tle, rounded  bodies,  about  one-tenth  of 
an'inch  in  diameter.    Examined  micro- 
scopically, these  bodies  are  found  to 
consist  of  a  large  number  of  short,  blmd 
tubes  branching  in  every  direction  ana 
held  together  by  a  few  fibres  of  con- 
nective tissue.    The  tubes  have  blood- 
vessels ramifying  on  their  exterior  and 
are  lined  with  glandular  epithelium. 
They  collect  together  to  terminate  in 
Ftg  Ci -Gland  ofBi^nncr,  from  the  human  subject-  (Frey.)       excretory  duct  which  penetrates  the 
Ftg.  oi.  wan  J  M  ^„vitv    When  these  structures  are  ex- 

xnucous  membrane  and  opens  into  is  frequently  found  to  contain 

amined  in  a  perfectly  fresh  P'^^^'-'^^^^^'^^^^^^l^^^Jecretion  has  never  been  obtained  in 
a  clear,  viscid  mucus,  of  an  alkahne  reaction    This  pl.ysiological  proper- 

r^:  -  .... » ... 

intestinal  juice.  Tieberkiahn,  the  most  important  glandular 

The  intestinal  tubules,  or  the  f«^li'^1^7^^j:^';;:''^,^a  throughout  the  whole  of  the 
structures  in  the  intestinal  mucous  membiane,  a  e  toi  ^^^^^^  ^^^^^^^^^  ^^^^^ 

small  and  large  intestine.  In  ^-Xfth^f  ^^^^^^^^^  .early  the  whole  of  its  structure, 
little  tubes  are  seen  closely  packed  togethe  occupy  n  ^^^^.^^^  ^^^^  ^^^^  ^^^1^,, 
From  the  great  extent  of  the  membmne,  it  ^^^^^^^  'J  ^^^^^ded  in  a  dense  stroma 
^ust  be  immense.  Between  the  tubules  are  ^^ll^^^;'^^^^.  In  a  vertical  section  of 
of  fibrous  tissues  with  numerous  unstriped  m^^c^^^         ^  ^^ot  seen  are  in  that 

1  mucous  membrane,  only  situations  wher  J e^  u^^^^^^^^^  ^^^^^  glands  of  Brun^ 
portion  of  the  duodenum  where  the  ^PJ'^^^^      J  glands  and  some  of  the  closed 

ner  and  immediately  over  the  centre  ft^^/'^^  J  Fever    The  tubes  are  not  entirely 
M  ides  which  are  collected  to  form  the  V<^'<^\^lfJ^Z^,^  twenty  or  thirty  tuhes  deep, 
Itent  in  the  patches  of  Peyei-^  but  are  h^^^^^^  '^'^  ^^^^  examination  of  the  surface 
.hich  surround  each  of       closed  ^^^^^^^^^  A  nnc.  ^^^^P     ^^^^^^  ^^,^1,, 
of  the  mucous  membrane  by  letiectea  iigu 

between  the  villi.  .  .nmetimes  bifurcated,  are  composed  externally 

The  tubules  are  usually  simple,  t^^ough  sometm.es  D        J  ,^^,^,,  of  columnar  epi- 
of  a  structureless  basement-membrane  and  "^^^  ^'^^f/,  .eing  that,  in  the  ubes, 
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constituent  of  the  intestinal  juice.  The  length  of  the  tubules  is  equal  to  the  thickness  ot 
the  mucous  membrane  and  is  about  of  an  inch.  Their  diameter  is  about  of  an 
incli.  In  man,  they  are  cylindrical,  terminating  in  a  single,  rounded,  blind  extremity, 
wliich  is  frequently  a  little  larger  than  the  rest  of  the  tube.  These  tubules  are  the  chief 
agents  concerned  in  the  production  of  the  fluid  known  as  the  intestinal  juice. 


PiG.  65.— Intestinal  txCtmles;  magnified  100  diameters.  (Sappey.) 


C.  From  the  sheep.   1,  trunk;  2,  2,  branches. 

D.  Single  tube,  from  the  pig. 

E.  From  the  rabbit  and  hare.   1,  simple  gland ;  2,  8,  4,  bifid  glands ;  5,  compound  gland  from  the  duodenmn. 


The  mtestmal  vilh,  though  chiefly  concerned  in  absorption,  are  most  conveniently 
considered  m  this  connection.    These  exist  throughout  the  whole  of  the  smaU  intestine 
1  ,       ^^""'^       ileo-cffical  valve,  although  they  cover  that  portion  of  the 

valve  which  looks  toward  the  ileum.    Their  number  is  very  great,  and  thiy  give  to  the 
membrane  its  peculiar  and  characteristic  velvety  appearance.    They  are  found  on  e 
alvula,  conmventes  as  well  as  on  the  attached  portions  of  the  mucous  membrane  In 
the  duodenum  and  jejunum,  they  are  most  numerous.    In  these  parts,  there  are  from 

ine    S^""   '  "     r  f-ty  to  sev;nty  to  a  squar^ 

nill-  ^^^^PY^r*™'^^^^  «°  «^  average,  about  fifty  to  the  square  line  and  more  than  ten 
•n.  hons  (10,125,000)  throughout  the  whole  of  the  small  intestine.    The  form  of  thTvy^ 

n;io:  :^^'r^!r"'  -^"^r        — — "-'^t       elevations  found  in  th 


Pyj^ric  portion^  the  stomach,  they^^  Z';:Z:^IZ::ZTZ^ 
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.measuring  here  from  ,V  to     of  au  inch  ia  length  by     to  dr.  of  au  inch  in  breadth  at 

'^'^llTTtructuro  of  the  vilU  shows  them  to  be  simple  elevations  of  the  mucous  mem- , 
llie  «tiiJct"io  01  ^  ^  probably  also  with  lacteals,  or  mtestmal  lym- 
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FiG.66.-/mi«8«»a?f  iih(s.   (Leydig.)  „  yenous  trunk:  &,  arterial  trunk. 

c,  0,  longitudinal  muscular  fibres  ,  «,  lacteai. 

.  Structureless  ^asemeut-memb.ne    T^e^^  c^^^^^^^^^^ 

jacent  parts  during  life  are  [^^f  ^ht  iiffi^^^^^  to  each  other  and  are  isolated 
and  removed  in  injected  preparations.   They  ^^^^^^        J  ^^^^  the  membranes  on 

with  difficulty  in  microscopical  P-P^^^--^        finely  striated,  forming,  as  it  were,  a 
the  free  surfaces  of  these  cells  are  ^^^-^-^f^.^^^jj,,  ,„,ering  the  villus  and  exter- 
nal to  the  ceUs.    This  membrane  may  be  raised 
up  from  the  cells  and  exhibited  by  the  action 

ThTsubstance  of  the  viUus  is  composed  of  a 
stroma  of  amorphous  '-tter  in  which  are  en^ 
bedded  nuclei  and  a  few  fibres,  fibio-plastic 
cells  and  numerous  non- striated  muscular 
Sre's  The  blood-vessels  are  very  numerous; 
four  or  five,  and  sometimes  as  many  as  twelve 
^fifteen  arterioles  entering  at  tbebase,  ran. 
ifying  through  the  substance  of  the  ^illu^ 
but  not  branching  or  anastomosing  or  ev  n 
diminishing  in  caliber  -tU,  by  a  slight  y  wa^^ 

^^^^^^^-^r^^^^^^'    :rirarterioles.    The  ve^^^^^^^^ 
to  two  or  three  branches,  finally  emptying  into  a  large  trunk  situated 
axis  of  the  villus. 
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The  nuclei  of  the  muscalar  fibres  of  the  villi  may  be  shown  by  treating  them  with 
acetic  acid  after  the  epithelium  has  been  removed.  Tliese  fibres  appear  to  be  longi- 
tudinal, forming  a  thin  layer  surrounding  the  villus,  about  half-way  between  the  ])e- 
riphery  and  the  centre  and  continuous  with  the  muscular  coat  of  the  intestine.  The  mus- 
cular fibres,  from  their  arrangement,  would  seem  to  bo  capable  of  shortening  the  villus ; 
and  tliis  has  actually  been  observed  in  specimens  taken  from  the  intestine  shortly  after 
death. 

The  anatomy  of  the  lacteals  as  they  originate  in  the  villi  Las  been  the  subject  of  much 
controversy ;  but  almost  all  anatomists  are  now  agreed  that  these  vessels  commence  by 
blind  extremities,  which  are  either  single  or  present  a  few  short,  rounded  diverticula 
leading  to  a  single  tube. 

Owing  to  the  excessive  tenuity  of  the  walls  of  the  lacteals  in  the  villi,  it  has  been 
found  impossible  to  fiU  them  with  an  artificial  injection,  although  the  lymphatics  sub- 
jacent to  them  may  be  easily  distended  and  studied  in  this  way.  Those  who  pi-ofess  to 
have  seen  the  single  lacteal  in  the  villus  have  done  so  by  examining  the  parts  when  the 
lacteal  system  has  been  engorged  with  chyle. 

We  must  still  regard  the  question  of  the  origin  of  the  lacteals  in  the  intestinal  villi  as 
one  of  great  obscurity.  They  may  originate  by  a  delicate,  anastomosing  plexus,  just  be- 
neath the  epithelium,  as  is  thought  probable  by  Sappey,  or  the  chyle  may  pass  through 
the  epithelial  layer  and  a  part  of  the  substance  of  the  viUus,  according  to  the  view  pre- 
sented by  Eecklinghausen,  without  the  intervention  of  distinct  vessels,  until  the  particles 
reach  the  central  tube. 

No  satisfactory  account  has  ever  been  given  of  nerves  in  the  intestinal  villi.  If  any 
exist  in  these  structures,  they  probably  are  derived  from  the  sympathetic  system,  which 
is  largely  distributed  to  the  intestinal  canal. 

The  solitary  glands  or  follicles  and  the  patches  of  Peyer,  or  agminated  glands,  have 
one  and  the  same  structure,  the  only  difference  being  that  those  called  solitary  are  scat- 
tered singly  in  very  variable  numbers  throughout  the  small  and  large  intestine,  while  the 
agminated  glands  consist  of  numbers  of  these  follicles  collected  into  patches  of  different 
sizes.  These  patches  are  generally  found  in  the  ileun).  The  number  of  the  solitary 
glands  is  so  variable  that  it  is  impossible  to  give  any  general  estimate  of  it.  They  are 
sometimes  absent.  The  patches  of  Peyer  are  always  situated  in  that  portion  of  the  intes- 
tine opposite  the  attachment  of  the  mesentery.  They  are  likewise  variable  in  number 
and  are  irregular  in  size.  They  usually  are  irregularly-oval  in  form,  and  measure  from 
half  an  inch  to  an  inch  and  a  half  in  length  by  three-fourths  of  an  inch  in  breadth. 
Sometimes  they  are  three  or  four  inches  long,  but  the  largest  are  always  found  in 
the  lower  part  of  the  ileum.  Their  number  is  about  twenty,  and  they  are  generally 
confined  to  the  ileum;  but  when  they  are  very  numerous— for  they  sometimes  exist 
to  the  number  of  sixty  or  eighty— they  may  be  found  in  the  jejunum  or  even  in  the 
duodenum. 

Two  varieties  of  the  patches  of  Peyer  have  been  lately  described  by  anatomists.  In 
one  of  these  vai-ieties,  the  patch  is  quite  prominent,  its  surface  being  slightly  raised 
above  the  general  mucous  surface,  while,  in  the  other,  the  surface  is  smooth,  and  the 
patch  is  distinguished  at  first  with  some  difficulty.  The  more  prominent  patches  are  cov- 
ered with  mucous  membrane  arranged  in  folds  somethfog  like  the  convolutions  on  the 
surface  of  the  brain.  The  valvuloa  conniventes  are  arrested  at  or  very  near  their  borders. 
Tiieso  are  the  only  patches  which  are  generally  described  aa  the  glands  of  Peyer,  the 
others,  which  may  be  called  the  smooth  patches,  being  generally  overlooked.  The  latter 
are  covered  with  a  smooth,  thin,  and  closely-adherent  mucous  membrane.  Their  follicles 
are  small  and  numerous.  The  borders  of  these  patches  arc  much  less  strongly  marked  than 
those  of  the  first  variety.  As  they  are  evident  only  upon  close  examination  and  as  they 
are  tlio  only  patches  present  in  certain  individuals,  it  is  said  that  sometimes  the  patches 
ot  1  oyer  are  entirely  wanting.    They  are  generally  less  numerous  than  the  first  variety 


364 


DIGESTION. 


Fig.  m.—PaMiofPey&r.  (Sappey.) 

Ill,  patch  of  Poyei",  2,  2,  folds  Been 
on  the  surface;  8,  8,  grooves  be- 
tween the  folds ;  4, 4,  Ibssettes  be- 
tween some  of  the  folds  :  B,  5,  5, 
fi,  5,  5,  5,  5,  valvulffi  conniventes; 
el  G,'6,  (i,  solitary  glands;  7, 7,  7,  7, 
smaller  solitary  glands :  8,  8,  soh- 
tary  glands  upon  the  valvule  con- 
niventes. 


and,  according  to  Sappey,  are  mo8t  abundant  in  persons  of  feeble  constitution.  The 
villi  are  very  large  and  prominent  on  the  mucous  membrane  covering  the  firs  variety 

of  Peyer's  patches,  especially  at  the  summit  of  the  folds. 
In  the  second  variety,  the  viUi  are  the  sumo  as  over  other 
parts  of  the  mucous  membrane,  except  that  they  are 
placed  more  irregularly  and  are  not  so  numerous. 

The  intimate  structure  of  the  patches  of  Peyer  has  not 
been  definitely  settled  in  all  its  particulars.  It  is  well  deter- 
mined, however,  that  the  follicles  which  compose  them  are 
completely  closed,  the  openings  which  have  been  said  to 
exist  being  undoubtedly  accidental  ruptures  made  in  pre- 
paring specimens  for  microscopical  examination.  These 
follicles  are  somewhat  pear-shaped,  with  their  pointed 
projections  directed  toward  the  cavity  of  the  intestine. 
Just  above  the  foUiole,  there  is  generally  a  small  opening 
in  the  mucous  membrane,  surrounded  by  a  ring  of  intes- 
tinal tubules,  and  leading  to  a  cavity,  the  base  of  which 
is  convex  and  foi-med  by  the  conical  projection  of  the 
follicle.     The  diameter  of  the  follicles  is  from  ,V 
^  or  even      of  an  inch.    The  small-sized  folUcles  are 
generally  covered  by  mucous  membrane  and  have  no 
opening  leading  to  them.  Each  follicle  consists  of  a  rather 
strong  capsule  composed  of  an  almost  homogeneous  or 
very  slightly  fibrous  membrane,  enclosing  a  semifluid, 
grayish  substance,  cells,  blood-vessels,  and  probably  lym- 
phatics   The  semifluid  matter  is  of  an  albuminoid  character.    The  ceUs  are  very  smdl 
bounded  and  mingled  with  numerous  small,  free  nuclei.    The  blood-vessels  have  rather  a 
peculTa   arrangement.    In  the  first  place  they  are  distributed  between  he  fo  hcles,  so  a 
[o  t  m  a  S  net-work  surrounding  each  Numerous  capillary   ranches  a^^^^^^^^^^ 

from  these  vessels  into  the  interior  of  the  follicle  returnmg  n  f^J"'^  ^7^^; 
The  Obscurity  in  the  anatomy  - ^J^^^^^^^  -^e  ra:e YotTerdis- 

tinctly  traced  within  the  investing  membrane.  They 
have  been  demonstrated  surrounding  the  follicles,  but  it 
is  still  doubtful  whether  they  exist  in  their  interior. 
This  question  is  so  unsettled  that  it  is  impossible  to 
make  a  definite  statement  on  the  subject  All  that  is 
known  is  that,  during  digestion,  the  number  of  acteals 
coming  from  the  Peyerian  patches  is  greater  than  m 
other  parts  of  the  mucous  membrane;  ^ut  vessels  con- 
taining a  milky  fluid  are  never  seen  within  the  follicles 
The  mucous  membrane  covering  the  prominent 
patches  is  generally  so  thick  and  folded  that  the  closed 
follicles  cannot  be  seen  from  above  and  are  only  dis- 
cernible from  the  under  surface.  In  the  smooth  patch- 
es, the  folhcles  are  generally  well  brought  out  by  macer- 
ation in  acetic  acid. 

Fig.  TO.-/^ate/.  of  Peyer,  Bern  from  its       The  description  of  the  follicles  which  compose  tne 

aitached.  mirface.   (Sappey.)  „f -Po-^or  nriRWfirs  in  general  terms,  tor  tllC  SOil- 

1,1,  serous  coat  of  the  intestine;  2,2,2,2,  patches  of  Peyei  answers,  m  fccm.  »  , 

'serous  coat  removed  to  show  the  .      .               ^  t^j,t  the  latter  are  lound  m  DOia 

patch;  8,3,  fibrous  coat  of  the  mtes-  wy  i,iaim.,,  o  , 

tine ;  4,4,  patch ;  5, 5,  f>,  0, 5, 5,  D,  5,  ^j^^,  gjj^^ll  and  the  large  intcstuie. 
vnlvulic  conniventes. 
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Intestinal  Juice. 

Of  the  three  fluids  with  which  the  food  is  brought  in  contact  in  the  intestinal  canal, 
namely,  the  bile,  the  pancreatic  juice,  and  the  intestinal  juice,  the  last,  the  secretion  of 
the  mucous  membrane  of  the  small  intestine,  presents  the  greatest  difficulties  in  the  in- 
vestigation of  its  properties  and  function.  If  it  be  admissible  to  reason  from  the  known 
mechanism  of  secretion  in  other  parts,  it  is  fair  to  suppose  that  the  normal  secretion 
from  the  mucous  membrane  of  the  small  intestine  can  only  take  place  in  obedience  to 
the  stimulus  of  food.  The  same  cause  induces  the  secretion  of  the  pancreatic  juice  and 
increases  the  flow  of  bile.  As  we  have  already  seen,  the  food,  as  it  passes  from  the 
stomach  into  the  duodenum,  is  to  a  great  extent  disintegrated  and  is  mingled  with  the 
secretions  from  both  the  mouth  and  the  stomach.  Under  these  circumstances,  it  is  evi- 
dently impossible  to  collect  the  intestinal  juice  under  perfectly  physiological  conditions, 
ia  a  state  of  purity  sufficient  to  allow  of  extended  experiments  regarding  its  composition, 
properties,  and  action  in  digestion. 

Bidder  and  Schmidt  experimented  upon  dogs  and  cats,  shutting  off  from  the  intestine 
the  bile  and  pancreatic  juice,  and  found  that  starch  introduced  into  the  canal  became 
transformed  into  sugar.  They  also  observed  that  fat  was  emulsified  to  a  considerable 
degree,  and  tbat  albumen  and  meat  were  partially  disintegrated  and  digested.  These 
observers  were  unable  to  collect  the  intestinal  juice  in  quantity  sufficient  for  analysis. 
That  which  they  obtained  was  found  to  be  colorless,  very  viscid,  and  strongly  alkaline 
in  its  reaction. 

As  far  as  the  composition  and  general  properties  of  the  intestinal  juice  are  concerned, 
the  observations  of  Colin  upon  horses  are  the  most  definite,  although  it  is  questionable 
whether  he  succeeded  in  obtaining  the  fluid  in  a  normal  state.  To  collect  the  fluid,  an 
incision  was  made  into  the  abdominal  cavity,  and  from  four  and  a  half  to  six  feet  of  the 
small  intestine  were  drawn  out. 
This  portion  was  emptied  by  gen- 
tly pressing  with  the  finger  from 
above  downward,  while,  with  the 
other  haild-  the  upper  portion  was 
kept  closed.'  Without  removing 
the  fingers,  two  soft  clamps  were 
then  annlied  tbns  <!>>iitHno-  nfP  tlio         '^'^■—(^■^P  for  isolating  a  portion  of  Hie  intestine.  (Colin.) 

apPliea  thus  Shuttmg  off  the  ^,  Werplate;  Aupperplate;  afi-xedacmv;  2),  movable  screw  in 
exposed  part  OI  the  mtestme  from  place;  saiw  turned  so  as  to  allow  the  clamp  to  be  passed 
*--k„  _  „i-      ii,  1     mi         ,    ■  around  the  intestine, 

the  rest  ot  the  canal.   The  gut  was 

then  returned  and  the  wound  in  the  abdomen  closed.  At  the  end  of  half  an  hour  the 
ammal  was  kUled  by  bleeding,  and  the  contents  of  the  isolated  portion  of  the  intestine 
were  exammed.  The  quantity  of  juice  obtained  was  considerable,  being  from  1  235  to 
l,8o2  grams  for  about  six  and  a  half  feet  of  intestine.  It  was  always  found  to  be  much 
ess  when  mtestmal  digestion  had  been  suspended,  and  its  quantity  could  be  increased  by 
the  mjection  mto  the  loop  of  a  little  solution  of  manna,  sulphate  of  soda,  or  aloes.  The 
fluid  thus  obtained  was  clear,  slightly  yellowish,  with  a  saline  taste  and  an  alkaline  re- 
action. It  was  mixed  with  mucus,  which  formed  a  sediment  when  the  fluid  was  allowed 
to  stand,  and  could  be  separated  by  filtration.  Notwithstanding  the  care  with  which 
these  observations  were  conducted,  it  is  not  probable  that  the  fluid  thus  obtained  by 
Colin  was  the  normal  intestinal  juice;  and  it  certainly  does  not  correspond  in  its  gen- 
eral characters  with  the  fluids  which  have  been  studied  by  other  experimenters 

It  becomes  an  interesting  question,  in  this  connection,  fo  determine  whether  the  soli- 
tary and  the  agmmated  glands  produce  any  secretion  which  is  discharged  into  the  intes 
tmal  cavity    Although  these  follicles  are  closed,  the  observations  of  Colin  rave  siown 
Stts'f^Z  r''-'^        '^"'^       ''P'^^''  of  producing  a  secretion;  but  the  precise  mode 
>ts  formation  ,.s  not  so  apparent.    The  experiment  by  which  this  was  demonstrated 
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was  made  on  a  pig,  an  animal  in  wMcli  there  is  an  enormous  agminate  gland,  ribbo..- 
sTaped  and  over       feet  in  length.    Tlmt  portion  of  the  ileum  m  which  the  gland 

tuated  was  emptied,  and  about  four  and  a  half  feet  of  it  were  isola  ed  by  two  hgature^ 
from  the  rest  of  the  canal.  At  the  end  of  an  hour  the  annual  was  killed  and  the  .ntestu  c 
examined.  The  surface  of  the  gland  was  found  covered  with  a  ^^J-- 
and  more  consistent  than  over  other  portions  of  the  membrane  The  o^^^  ^^J^^ 
it  could  reasonably  be  supposed  that  this  secretion  was  produced  is  by  exhalation  through 
thrmembrars  of- the  follicles,  as  there  is  no  evidence  that  their  contents  are  discharged 
by  rupture. 


Fia.  ri.-Isolated  portion  of  Hie  intestine.  (CoUu.) 

TaMng  only  into  consideration  experiments  upon  the  ^^^^^ 
information  has  been  obtained  concernmg      «°-P°f  rae  ttus  for  been  impossi- 

Juice.  We  can  readily  see  that  this^^^^^^^^^^^^^  ^^^ther 
ble,  in  observations  of  this  kind,  to  fulfil  thenecessaiy  i  y       b  different  ex- 

facls  are  evidently  needed  to  harmonize  J^^yll^^^ 
perimenters.    It  was  the  same  in  the  progress  ^^^tained  by  Beau- 

which  was  unsettled  and  obscure  unti  the  ^^^^Z  Z.  much  to  el«- 

mont.    The  following  case  of  intestmal  fistula,  reported  by  Buscb, 

cidate  this  subject :  j   „g  ^-lio,  iu  the  sixth 

The  case  referred  to  was  that  ot  ^^^^^^^^'''^ZIZ^X  tossed  by  a  bull, 
month  of  her  fourth  pregnancy,  was  injured  m  ^J^^  f  donien  by    J  ^^^ 

The  wound  was  ^f^^ rT^l^  uZIs^^^^^^^ 

ings  connected  with  the  intestinal  canal,    it  g  ^         ^^der  observa- 

th'e  upper  third  of  the  small  intestine,    ^^^^^^^^^l^^^*;^^^^^^^^^  upper  opening, 

tion,  every  thing  that  was  taken  into  the  stomach  ^^^^^  ^ie  two  by  a  surgicd  operation 
and  all  attempts  to  establish  a  commumcation  between  tlie  tv.  o    y  ^  ^ 

had  failed.  At  this  time,  the  patient  ^"^extremely  emae  a  ed^^^^  ^.^ 
and  was  evidently  suffering  from  ^f'f^;:;''''^ZnT^^^^ 

charge  of  alimentary  matter  from  the  fistula,    naving  been  t        ,  ^^^  ^^ 

introduction  of  cooked  alimentary  substances  into  the  opening  connec 
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ond  of  the  intestine,  slie  soon  improved  in  her  nutrition  and  was  then  made  the  subject 
of  extended  and  interesting  observations  upon  intestinal  digestion. 

"With  regard  to  the  general  properties  of  the  intestinal  juice,  the  observations  of  Busch 
upon  his  case  of  intestinal  fistula  agree  with  those  of  Bidder  and  Schmidt  upon  the  lower 
animals.  He  never,  in  the  natural  condition,  found  a  large  quantity  of  secretion  in  the  in- 
testine. The  fluid  was  white  or  of  a  pale  rose-color,  consistent,  and  always  strongly  alka- 
line. The  maximum  proportion  of  solid  matter  which  it  contained  was  7*4  and  the  mini- 
mum, 3'87  per  cent.  The  secretion  apparently  could  not  be  obtained  in  sufficient  quantity 
for  ultimate  analysis.  No  better  opportunity  than  this  could  be  presented  for  studying 
the  intestinal  juice  in  its  pure  state.  The  nature  of  the  case  made  it  impossihle  that  there  * 
should  be  any  admixture  of  food,  pancreatic  juice,  bile,  or  the  secretion  of  the  duodenal 
glands ;  and,  during  the  process  of  digestion,  the  lower  part  of  the  intestine  undoubtedly 
produced  a  fluid  of  perfectly  normal  character.  "When  we  come  to  consider  the  action 
of  the  intestinal  juice  upon  the  various  articles  of  food,  our  most  reliable  facts  will  be 
drawn  from  the  observations  made  upon  this  case. 

From  what  has  been  ascertained  by  experiments  upon  the  lower  animals  and  observa- 
tions on  the  human  subject,  the  intestinal  juice  has  been  shown  to  possess  the  following 
characters : 

Its  quantity  in  any  portion  of  the  mucous  membrane  which  can  be  examined  is  small ; 
but,  when  the  extent  of  the  canal  is  considered,  it  is  evident  that  the  entire  quantity  of 
intestinal  juice  must  be  great,  although,  beyond  this,  no  reliable  estimate  can  be  made. 

The  intestinal  juice  is  viscid  and  has  a  tendency  to  adhere  to  the  mucous  membrane. 
It  is  generally  either  colorless  or  of  a  faint  rose-tint,  and  its  reaction  is  invariably  alkaline. 

"With  regard  to  the  composition  of  the  intestinal  juice,  little  of  a  definite  character  has 
been  learned.  All  that  can  be  said  is  that  its  solid  constituents  exist  in  the  proportion 
of  about  5--4T  parts  per  hundred.  In  most  analyses  of  fluids  from  the  intestine,  there  is 
reason  to  beheve  that  the  normal  intestinal  juice  was  not  obtained. 

Tlie  organs  which  secrete  the  fluid  known  as  the  intestinal  juice  are  the  follicles  of 
Lieberkilhn,  the  glands  of  Brunner,  and  possibly  the  solitary  follicles  and  patches  of  Peyer. 
The  fluid,  however,  is  chiefly  secreted  by  the  follicles  of  Lieberkiihn,  which,  as  we  have 
seen,  exist  in  the  mucous  membrane  of  the  intestine  in  immense  numbers.  Although  the 
other  organs  mentioned  do  not  contribute  much  to  the  secretion,  they  produce  a  certain 
quantity  of  fluid;  and  the  intestinal  juice  must  be  regarded  as  a  compound  fluid,  like  the 
saliva,  and  not  the  product  of  a  single  variety  of  glands,  like  the  gastric  juice. 

Action  of  the  Intestinal  Juice  in  Digestion. 

The  physiological  action  of  the  intestinal  juice  has  been  closely  studied  in  the  inferior 
animals  by  Frerichs  and  by  Bidder  and  Schmidt,  but  their  experiments  have  been  some- 
what contradictory.  All  observers,  however,  are  agreed  that  this  fluid  is  more  or  less 
active  in  transforming  starch  into  sugar.  We  must  turn  finally  to  the  observations  of 
Busch,  on  the  case  of  intestinal  fistula  in  the  human  subject,  for  the  most  satisfactory  and 
definite  information  on  this  subject.  In  many  points,  it  is  true,  these  observations  sim- 
ply confirm  those  which  have  been  made  upon  the  inferior  animals,  but  they  are  of  great 
value,  as  they  establish  conclusively  many  important  facts  regarding  the  physiological 
action  of  the  intestinal  juice  in  the  human  subject. 

In  the  case  reported  by  Busch,  starch,  both  raw  and  hydrated,  when  introduced  into 
the  lower  opening,  where  it  came  in  contact  only  with  the  intestinal  juice,  was  invariably 
changed  into  glucose.  Cane-sugar  was  not  transformed  into  glucose  bxit  appeared  in 
the  fa;ces  as  cane-sugar.  Tliis  is  important,  with  reference  both  to  the  want  of  action 
of  the  intestinal  juice  upon  cane-sugar  and  the  fact  that  cane-sugar,  as  such,  is  not  ab- 
sorbed in  quantity  by  the  intestinal  mucous  membrane. 

_  Coagulated  albumen  and  cooked  meat  were  always  more  or  less  digested  by  the  intes- 
tmal  juice.    This  fact  coincides  with  the  observations  of  Bidder  and  Schmidt. 
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The  observations  wbioh  were  made  on  fats,  melted  butter,  and  cod-bver  o,l,  sbowed 
that  the  pure  intestinal  juice  had  little  or  no  action  upon  them.    These  substances  ahvays 
Ip^  red  in  the  f.ces  unchanged.    AVben,  however,  ^'^"er  matters  were  taken  m^  ^h 
stomach,  they  were  discharged  from  the  upper  opening  m  the  mtestme,  m  the  form  ot  a 
verv  line  emulsion,  and  could  not  be  recognized  as  fat. 

^tt  ev  dent,  f  om  these  facts,  that  the  intestinal  juice  is  importan  m  digestion  more 
as  a  fluid  wWch  aids  the  general  process  as  it  takes  place  in  the  smal  intestine  than  as 
one  wWch  has  a  peculiar  action  upou  any  distinct  class  or  classes  off--f^yj-J;^ 
Z  t  undoubtedly  assists  in  completing  the  digestion  of  albummoid  substances  and  n 
pies,    itunaoi        J'  Although,  in  the  latter  process,  its  action  is  very 

TaSTthe^fr  ;^^^^^^^^  the'saliva  and  the  pancreatic  juice.  Intimately 

maiked  the  ^/^^^  pio  y  ".gtion-with  the  bile  and  the  pancreatic  juice  as  well 
rs"li?7ar  ou?  S  the  intestinal  juice  should  be  studied  as  it  operates 

"on  tL  f^od,  in  clnectL  with  the  other  fluids  found  in  the  small  intestine,  the  diges- 
tive action  of  all  being  most  intimately  associated. 

Pancreatic  Juice. 
neum,  which  covers  only  its  anterior  surface. 


^^GaU-liaMer,  U.ctus  «'-'f '^^  ^~;%,^opcnS  of  the  pancreatic  and 
a,^U..,adder:^hepat,cJnct;^«^^^^^^^^^^ 

According  to  Bernard,  who  has  -de  nu™  ^^^^  cJ^^Clrt^l 
this  gland,  there  are  nearly  always,      f    f^f^  choledochus,  and 

duodenum;  one  which  opens  d  ct  ca'led  bv  Ber 

one  which  opens  about  an  inch  above  the  mam  duct,  caaeu  i. 
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accessory  dnct.  Tho  main  duct  is  about  an  eighth  of  an  inch  in  diameter  and  extends 
along  the  body  of  the  gland,  becoming  larger  as  it  approaches  the  opening.  The  sec- 
ond duct  is  smaller  and  becomes  diminished  in  caliber  as  it  nears  the  duodenum.  Many 
anatomists  describe  but  a  single  duct,  regarding  the  other  as  anomalous.  The  dissections 
of  Bernard  however,  were  very  numerous  and  show  the  almost  constant  occurrence  of 
two  ducts. 

In  general  appearance  and  minute  structure,  the  pancreas  is  like  the  parotid  and  sub- 
maxillary glands.  By  the  older  anatomists  it  was  known  as  the  "  abdominal  salivary 
gland,"  on  account  of  this  resemblance  in  structure  and  an 
assumed  similarity  in  the  nature  of  their  secretions.  Kecent 
developments  in  the  physiology  of  the  pancreatic  juice  have 
caused  this  name  to  be  discarded. 

Bernard  was  the  first  to  obtain  normal  pancreatic  juice 
from  a  living  animal  and  to  give  a  definite  idea  of  its  properties 
and  functions ;  a  point  which  it  is  proper  to  particularly  insist 
upon,  inasmuch  as,  since  his  discovery,  some  have  pretended 
that  the  facts  which  he  established  had  been  demonstrated 
before.  The  following  method  for  collecting  the  pancreatic 
juice  from  a  living  animal,  one  which  we  have  repeatedly  em- 
ployed with  success,  is  essentially  that  recommended  by  Ber- 
nard : 

The  animal  generally  employed  by  Bernard  in  these  ex- 
periments is  the  dog.  Selecting  one  of  tolerably  lai'ge  size, 
he  is  secured  to  the  operating-table  and  placed  upon  his  left 
side.  An  incision  from  three  to  four  inches  in  length  is  then 
made  in  the  right  hypochondrium,  just  below  and  parallel 
with  the  border  of  the  last  rib.  The  parts  are  first  divided 
down  to  the  fascia  transversalis  and  the  peritoneum.  An 
opening  is  then  made  into  the  abdominal  cavity  about  half 
the  length  of  the  incision  through  the  skin  and  muscles, 
which  brings  to  view  the  duodenum  and  a  portion  of  the  pan- 
creas. The  duodenum,  with  the  pancreas  attached  to  it,  is 
then  carefully  drawn  out  of  the  abdomen.  The  next  step  is 
to  introduce  a  small  canula  into  the  principal  pancreatic  duct. 
In  the  dog,  there  are  always  two  pancreatic  ducts ;  a  small 
duct,  which  opens  into  the  intestine  at  or  near  the  opening  of 
the  bile-duct,  and  a  principal  duct,  which  is  situated  about  an 
inch  below.  To  collect  the  juice,  the  tube  should  be  intro- 
duced into  the  principal  duct.  This  is  fovmd  by  turning  the 
duodenum  and  pancreas  so  as  to  expose  the  posterior  surface 
of  the  gland,  when  the  duct,  which  is  very  short  and  almost 
concealed  by  the  tissue  of  the  pancreas,  may  be  seen  oblique- 
ly penetrating  the  intestinal  wall.  In  the  dog,  the  pancreas 
is  composed  of  two  portions;  one,  called  the  horizontal  por- 
tion, which  is  attached  to  the  duodenum,  and  a  vertical  por- 
tion, which  passes  away  from  the  intestine  between  the  folds 
of  the  mesentery.  The  duct  is  generally  situated  near  the 
point  where  the  pancreas  ceases  to  be  attached  to  the  intes- 
tine. The  tissue  of  the  pancreas  is  to  be  carefully  pushed 
away  from  the  duct  with  the  end  of  the  canula  or  the  point 
of  a  knife,  a  small  longitudinal  slit  is  made  in  it  with  the 
scissors,  and  a  silver  canula,  about  one-twelfth  of  an  inch  in  diameter  and  four  inches  in 
length,  is  introduced  and  firmly  secured  in  place  by  a  ligature  which  has  previously  been 
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I'iG.  74  Canula  for  a  pancre- 
atic fistula.  (Bernard.) 

A,  stylet,  the  extremity  of  wliich 
should  pass  o  little  beyond 
the  end  of  the  canula  B,  to 
facilitate  its  introduction  into 
the  pancreatic  duct ;  B,  can- 
ula, provided  with  little 
grooves  c,  c,  to  hold  the 
threads  for  attachment  into 
the  duct  and  into  the  bladder 
used  to  collect  the  pancreatic 
juice. 


270 


J)IGEST10N. 


thrown  around  the  <luct.  The  canula  should  be  provided  with  a  well-iitting  stylet,  with 
the  point  rounded  so  tluit  it  raav  be  introduced  into  tiie  duct  with  ease ;  and  the  end  of 
the  canula  should  bo  somewhat  roughened,  so  that  the  ligature  may  secure  it  well  in 
place.  The  canula  will  enter  the  duct  for  a  short  distance  only,  and  it  should  not  be  in- 
troduced forcibly.  After  this  has  been  accomplished,  the  canula  may  be  steadied  by  at- 
taching it  with  a  single  stitch  to  the  wall  of  the  intestine.  The  stylet  is  now  to  be  with- 
drawn and  the  parts  carefully  returned  to  the  abdomen,  leaving  the  end  of  the  canula 
projecting  at  the  anterior  portion  of  the  wound,  which  should  be  cai-efuUy  closed.  Ber- 
nard recommends  to  first  raise  up  the  fascia  and  peritoneum  with  hooks  and  carefully 
attach  their  edges  with  sutures,  and  then  to  close,  in  the  same  way,  the  mcision  m  the 
muscles  and  integument.  The  animal  may  now  be  kept  upon  the  table,  and  the  flmd 
which  is  discharged  from  the  tube  collected  in  a  test-tube,  or  a  thin  gura-elastic-bag  may 
be  attached.  This  may  be  provided  with  a  stopcock,  so  that  the  lluid  may  be  drawn  off 
at  will. 


Fig.  -ih.-Canulafix^d,  in  the.  pancreatic  duct.  (Bernard.) 


with  its  pale  appearance  during  the  intervals  of  diges  ion 
juice  relate  to  phenomena  connected  with  its  secieiion.  i 
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that  the  secretion  of  the  pancreas  is  entirely  suspended  during  the  intervals  of  digestion. 
This  fact  has  been  definitely  settled  by  Bernard  and  can  easily  be  observed  by  opening 
animals  in  digestion  and  while  fasting.  In  the  first  instance,  the  pancreatic  duct  will  be 
found  full  of  normal  secretion,  and,  in  the  other,  it  will  be  almost,  if  not  entii-ely,  empty. 
Bernard  has  also  found  that  the  pancreatic  juice  begins  to  flow  into  the  duodenum  during 
the  first  periods  of  stomach-digestion,  before  alimentary  matters  have  begun  to  pass  in 
quantity  into  the  intestine. 


Fig.  16.— Pancreatic  fatula.  (Berniird.) 
Full-grown  shepherd-dog  (female),  in  which  a  pancreatic  fistula  has  been  ostahlished.   A,  silver  tube  to  which  a 
bladder  has  been  attached ;  B,  bladder ;  C,  stopcock  for  the  purpose  of  collecting  the  juice  which  accumulates 
in  the  bladder. 

Another  important  fact  determined  by  Bernard  is  that  the  secretion  of  the  pancreas 
IS  readily  modified  by  irritation  and  inflammation  following  tlie  operation.  When  we 
come  to  treat  of  the  general  properties  of  tlie  normal  pancreatic  fluid,  it  will  bo  seen  that 
its  characteristics  are,  decided  alkalinity,  \'iscid  consistence,  and  coagulability  by  heat. 
It  is  almost  always  the  case  that,  a  few  hours  after  the  canula  is  fixed  in  the  duct,  the 
juice  loses  some  of  these  characters  and  flows  in  abnormal  quantity.  With  respect  to 
susceptibility  to  irritation,  the  pancreas  is  peculiar ;  and  its  secretion  is  sometimes  ab- 
normal from  the  first  moments  of  the  experiment,  especially  if  the  operative  procedure 
have  been  prolonged  and  difficult.  That  the  properties  above  described  are  characteristic 
of  the  normal  pancreatic  secretion,  there  can  be  no  doubt ;  as,  in  all  instances,  fluid  taken 
from  the  pancreatic  duct  of  an  animal  suddenly  killed  while  in  full  digestion  is  strongly 
alkaline,  viscid,  and  coagulable  by  heat.  This  excessiver  sensitiveness  of  the  pancreas  has 
rendered  fruitless  all  the  attempts  of  Bernard  to  establish  a  permanent  pancreatic  fistula 
from  which  the  normal  juice  could  be  collected ;  and  we  are  not  disposed  to  admit  that 
the  fluid  collected  by  recent  German  observers,  from  permanent  fistulge,  represents  phys- 
iological conditions. 

General  Properties  and  Composition  of  the  Pancreatic  Juice. — In  all  the  inferior  ani- 
mals from  which  the  pancreatic  secretion  has  been  obtained  in  a  normal  condition,  the 
fluid  has  been  found  to  present  pretty  uniform  characters.    It  is  viscid,  slightly  opaline. 
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and  has  a  distinctly  alkaline  reaction.  Bernard  found  the  specific  gravity  of  the  fluid 
Cu  the  dog  to  be  1040.  The  quantity  of  organic  :nattor  which  the  nonnul  Bccret.on 
conu  ns  is  very  great,  so  that  the  fiuid  is  completely  solidified  on  the  apphcation  ot  h  at. 
iC^eat  loagulability  is  one  of  the  properties  by  which  the  normal  flu.d  may  be  d.t.n- 
guished  from  that  which  has  undergone  alteration. 

Composition  of  the  Pancreatic  Juice  of  the  Dog.  (Bernard.) 

.    900  to  920 

Water  V"':"'V-'"\ 

Organic  matter,  precipitable  by  alcohol  and  containing  )   qq  73.6O 

always  a  little  lime  (pancreatine)  ) 

Carbonate  of  soda,       \  ^.^^ 

Chloride  of  sodium,  ^   

Chloride  of  potassium,  1  2,000  1,000 

Phospliate  of  lime,  J 

normal  ■-"/Xoat^^^^^^^^^^  '"">'''"'^-  ■ 

dissolved  in  water,  giving  to  the  solution  all       .P^^^;";^^^^^^^^  by  an  excess 

pancreatic  secretion.    Bernard  has  also  found  that  P^^^^^^^*"^^^^  J  albumen, 

of  sulphate  of  magnesia,  which        copula  e  caserne  bu^^^^^^^^^ 

It  is  important  to  recognize  this  ^^^'^^X2TJZ  i2^^^  substance  has  the  prop- 

principles,  especially  fdily  and  completely  as  the  pan- 

erty  of  formmg  an  emulsion  with  fatj  t  iougn  ^  p^^^,.^^. 

^:2:z:^:^^^^Tr^'   " """""  °' 

pn.creatic  secretion  »d  t"™'!  .,3enti.l  physiological  coMtitnent  ot 

Besemches  h«ve  sLomi  th«t  panel  eaiino  a  o.culiar  digestive  proper- 

the  pancreatic  juice  and  the  only  ^^l^^^l^l^^^^^^^^ 

ties.  The  contents  of  the  duodenum,  as  Ji.n  of  the  pancreatic 

irn  it  hal  beL  rendered  acid  by  any  great  physiologi- 

^  ^tl^^^:^^^  Of  imparting  to  the  fiuid  all 

the  physiological  characters  of  the  norma^^^^^^^^^^^  twenty-four  hours  has  been 

The  entire  quantity  of  pancreatic  ^^^^        ^^^^^^^  concerning  the  varia- 

variously  estimated  by  different  au  hors.  ^  J^^^^^^^^^  these  estimates  should 
tions  to  which  the  secretion  is  subject,      f^^^t  su^^^^^^^^  ^^^.^^^^  ^.^^  ^^.^^^ 

present  great  differences.    Bernard  was  aid    o  collect  ^  o^^J^^  ^^^^  ,f  be 

eighty  to  one  hundred  grains  m  an  1  o  n    but  it  ^ns  ^^^.^eptible  to  irritation, 

ducts  was  operated  upon,  and  secreted  in 

There  is  no  accurate  basis  for  an  ^^'^^^^^J '^'^CZn^^^  necessary  for  the  digestion 
the  twenty-four  hours  in  the  human  subject,  oi  ot  the  quantify 

of  a  definite  amount  of  food. 
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Unlike  tlio  gastric  juioo,  the  secretion  of  the  pancreas,  under  ordinary  conditions  of 
heat  and  moisture,  rapidly  undergoes  decomposition.  In  warm  and  stormy  weather,  the 
alteration  is  marked  in  a  few  hours;  but,  at  a  temperature  of  from  50°  to  70°  Fahr.,  it 
decomposes  gradually  in  from  two  to  three  days.  The  changes  which  the  fluid  thus 
undergoes  are  interesting,  from  the  fact  that  some  physiologists,  having  experimented 
with  an  altered  or  an  abnormal  secretion,  have  failed  to  recognize  certain  of  the  charac- 
teristic propei-ties  of  the  normal  fluid.  As  it  thus  undergoes  decomposition,  the  fluid 
acquires  a  very  oflensive,  putrefactive  odor,  and  its  coagulability  diminishes,  until  finally 
it  is  not  aftected  by  heat.  The  alkalinity,  however,  increases  in  intensity ;  and,  when 
neutralized  with  an  acid,  there  is  a  considerable  evolution  of  carbonic  acid,  which  does 
not  occur  in  fresh  pancreatic  juice. 

Action  of  the  Pancreatic  Juice  in  Digestion. 

It  is  only  since  the  observations  of  Bernard,  in  1848,  that  the  pancreatic  juice  has  been 
regarded  as  a  fluid  of  any  great  importance  in  digestion.  It  has  now  been  demonstrated, 
both  by  cases  of  disorganization  of  the  pancreas  in  man  and  by  experiments  on  animals 
in  which  the  tissue  of  the  organ  has  been  destroyed,  that  the  pancreatic  juice  is  essential 
to  digestion  and  to  life,  animals  dying  of  inanition  when  its  function  has  been  abolished. 

The  most  striking  feature  in  the  discovery  made  by  Bernard  was  the  action  of  the 
pancreatic  juice  in  the  digestion  of  fats;  it  being  shown  that  these  principles. are  acted 
upon  almost  exclusively  by  the  pancreas,  and  that  they  pass  through  the  alimentary  canal 
undigested  when  this  organ  has  been  destroyed.  For  this  reason,  probably,  the  action 
of  the  pancreas  in  the  digestion  of  fatty  substances  has  received  an  imdue  prominence ; 
and  its  action  upon  other  articles  of  food,  though  not  at  the  present  day  overlooked,  does 
not  always  receive  proper  consideration.  We  shall  find  that  the  pancreatic  juice  has  an 
important  action  in  the  digestion  of  nearly  all  the  alimentary  principles  as  they  pass  out 
from  the  stomach. 

Action  upon  i?((«s.— Even  before  the  publication  of  Bernard's  researches,  it  was  pretty 
generally  admitted  that  the  digestion  of  fat  consisted  in  its  minute  subdivision  and  sus- 
pension in  the  form  of  an  emulsion.  This  view  was  adopted  from  the  fact  that,  during 
the  absorption  of  fats  from  the  intestinal  canal,  the  lacteals  and  thoracic  duct  always 
contain  innumerable  small,  fatty  globules ;  but  the  ideas  of  physiologists  as  to  the  par- 
ticular fluid  by  which  the  emulsiflcation  of  fats  is  accomplished  were  not  very  well 
settled.  The  most  generally-received  opinion,  however,  was  that  this  was  effected  by 
the  bile ;  but  experiments  on  this  subject  were  very  contradictory. 

One  of  the  most  remarkable  facts  observed  by  Bernard  was  that,  in  the  rabbit,  after 
the  ingestion  of  fatty  matters,  vessels  filled  with  white  chyle  do  not  make  their  appearance 
at  the  commencement  of  the  small  intestine,  as  in  other  animals,  but  are  first  seen  from 
twelve  to  twenty  inches  below  the  pylorus.  The  anatomical  peculiarity  in  these  animals 
is  that  the  pancreatic  duct,  instead  of  opening  into  the  intestine  with  the  bile-duct  at  the 
upper  part  of  the  small  intestine,  has  its  opening  from  twelve  or  twenty  inches  below, 
just  at  the  point  where  the  chyliferous  vessels  are  observed.  This  fact,  which  we  have 
frequently  confirmed,  points  directly  to  the  pancreatic  juice  as  the  agent  principally,  if 
not  exclusively,  concerned  in  emulsifying  the  fats;  whiMit  shows  that  the  bile  possesses 
iittle  or  no  immediate  efficiency  in  this  regard.  Following  out  this  line  of  inquiry,  and 
operating  with  fresh,  coagulable  pancreatic  juice  and  the  liquid  fats  or  those  capable  of 
bemg  liquefied  by  gentle  heat,  it  was  found  that  slight  agitation  of  this  fluid  with  the  fats 
produced  a  very  fine  and  permanent  emulsion,  similar  in  every  respect  to  the  milky  fluid 
lound  in  the  lacteals  during  digestion.  In  fact,  comparative  analyses  of  the  lymph  and 
chyle  have  shown  that  the  latter  liquid  is  nothing  more  than  lymph  with  the  addition  of' 
atty  emulsion.  As  soon  as  the  absorption  of  fat  is  completed,  the  lacteal  vessels  lose 
ineir  opaque,  white  contents  and  carry  nothing  but  colorless  lymph.  This  is  one  of  the 
18 
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groat  oxporimental  facts  upon  which  is  hased  the  view  that  the  pancreatic  juico  has  the 
property  of  digesting  the  fats.  Concerning  the  accuracy  of  tliis  ohservat.on  there  can  he 
no  Lubt.  The  fact  has  been  so  frequently  confirmed,  that  it  must  now  bo  considered  as 
established  beyond  question,  and  we  can  add  our  testimony  to  its  accuracy 
observation.  It  is  true  that  some  of  the  German  physiologists  have  been  unab  e  to  con 
frm  the  e  Experiments;  but,  by  carefully  following  out  the  process  indicated  by  Ber- 
na^i  wh  ch  is  detailed  .ith 'great  care,  wo  have  invariably  found  his  observations  to  bo 
"  rod  It  is  well  known  that  many  of  the  Gorman  experimenters  operated  with  p  n- 
crJIuc  juico  which  was  not  coagulable  and  which  Bernard  regards  as  abnormal  and  m- 

jLcSgi^is  the  only  one  of  the  digestive  fluids  which  is  capable  of  ibi^^ 
a  compl  to  and  permanent  emulsion  with  fats.  The  fact  that  the  other  digestive  fluids 
w  1  not  accompL  this  is  easily  demonstrated  as  regards  the  saliva,  gastric  J--,  bd 
The  intestinal  nice  is  then  the  only  one  which  might  bo  supposed  to  have  this  property. 
The  obsoi  ations  of  Busch  on  this  point,  in  his  case  of  intestinal  fistula,  are  conclusive. 
Tfotd  ttrfatty  matters  taken  into  the  stomach  wore  discharged  from  the  upper 
S'ening  Vthe  intoltine  in  the  form  of  a  fine  emulsion  and  wore  never  recognizahlo  as 
oil    but  ?hat  fat  introduced  into  the  lower  intestinal  opening  was  not  acted  upon  and 

^'^^T^yt:^^^^  the  emulsion  resulting  from  the  acUon  of 
pantroat  jui  "Pon  fats  is  that  it  persists  when  diluted  with  water  and  will  pass 
Cugfa  moistenrd  filter  like  milk.    This  does  not  take  place  in  the  imperfect  emulsion 

property  of  saponifying  ^^t^.  ^.       „f  tl,e  economy.  The  question 

this  property  is  not  possessed  by  any  othei  tissue  ""^  '"l  ^  gg^^e- 

natuLy  arises,  then,  whether  this  be  an  -"^^^^^^^^^^^^^^  Con- 
tion  of  the  pancreas  or  whether  partial  phys  ologieal  chemists.  The 

corning  this  point  there  is  no  difference  aTs  neut'd  absence  of  any 

fat  which  is  contained  in  the  lacteal  vessels  is  always  neuti^^^^  an 
fatty  acid  has  boon  recognized  by  Bernard  as  w^ll  as  by  the  .  Jho^  ^^^^ 

digestion  of  fats  Boi-nard  attemp  ed  ^l^^^^'^J^^^^  the  organ  with  the  knife 

mal.    This  ho  found  very  difficult    Al  attempts             i  ^^^^^ 

being  unsuccessful,  the  injection  o^^^^^n  matt^s'"^^^  ^^^^.^^^     ^^^^  ^^.^^^ 

a  groat  number  of  unsuccessful                             destroyed  the  mjection  of  molted 

were  suspended  for  a  time        :ts  tissue  was  P^^^^^^^^  ^^^^ 

tallow.    In  both  of  these  '  f  ^J^S fJeCe  gradually  emaciated,  and  the 

Although  the  appetite  was  voracious,  «  ^  '^^^^^^'^f^^^^  \t  the  same  time,  other  ali- 
fa^ces  contained  a  largo  quantity  of  ^'^^^f  ^'  f;;,^^^^^^^^  the  discharges.  In  two 
montary  principles,  -complete  y  digested,  we^^^^^^^^^^^  ^^^^ 

dogs  operated  upon  by  Bernard,  in  ^74^  hirteonth  and  the  seventeenth  day. 

and  the  alvino  discharges  became  °°™^al  at  ti.o  ^^^^^'^  ^„„eas  in  both 

After  the  animals  had  completely  recovered,  they  wore  kiliea, 
instances  was  found  partially  destroyed. 
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Now  that  the  action  of  the  pancreatic  juico  upon  fats  is  so  well  understood,  it  is  a 
matter  of  surprise  that  the  cases  of  fatty  diarrhoea  connected  with  disorganization  of  the 
pancreas,  which  were  reported  by  Dr.  Richard  Bright,  in  1832,  did  not  direct  the  atten- 
tion of  physiologists  to  the  function  of  tliis  organ.  These  cases,  with  others  of  a  similar 
character  which  have  been  reported  from  time  to  time,  are  now  brought  forward  as 
strong  evidence  of  the  action  of  the  pancreas  in  the  c|igestion  of  fats.  Many  of  them  pre- 
sented a  train  of  symptoms  analogous  to  those  observed  'in  animals  after  partial  destruc- 
tion of  the  gland.  The  presence  of  fat  in  the  alvine  dejections  was  most  marked;  and 
as  is  now  well  known,  this  could  be  nothing  but  the  undigested  fatty  principles  of  the 
food.  In  the  three  cases  observed  by  Bright,  the  pancreas  was  found  so  disorganized 
that  its  secreting  fimction  must  have  been  almost,  if  not  entirely,  abolished.  In  the  case 
reported  by  Mr.  Lloyd,  the  condition  was  the  same ;  and,  in  the  case  reported  by  Dr. 
Elliotsou,  "  the  pancreatic  duct  and  the  larger  lateral  branches  were  filled  with  -white 
calculi."  Anotlier  interesting  case  of  disease  of  the  pancreas  is  described  in  the  catalogue 
of  the  Anatomical  Museum  of  the  Boston  Society  for  Medical  Improvement,  in  1847.  In 
this  case,  it  was  observed  by  the  patient  that  fatty  discharges  from  the  bowels  did  not 
take  place  unless  fatty  articles  of  food  had  been  taken.  After  death,  a  large  tumor  was 
found  in  the  situation  of  the  pancreas,  but  all  trace  of  the  normal  structure  of  the  organ 
had  been  destroyed.  Many  more  cases  of  this  character  are  quoted  by  Bernard  and 
others,  and  they  fully  confirm  the  observations  and  experiments  which  have  been  made 
upon  the  lower  animals.  They  all  seem  to  show  that  the  function  of  the  pancreas  in 
digestion  is  essential  to  life,  but  that  one  of  the  chief  disorders  in  digestion  incident  to  the 
destruction  of  this  gland  relates  to  the  digestion  of  fats. 

^  Taking  into  consideration  all  the  facts  bearing  upon  this  subject,  the  conclusion  is  in- 
evitable that  the  chief  agent  in  the  digestion  of  fats  is  the  pancreatic  juice ;  and  that  this 
fluid  acts  by  forming  with  the  fat  a  very  fine  emulsion,  thus  reducing  it  to  a  form  in 
which  it  can  be  absorbed.  How  far  the  bile  may  assist  in  this  process  is  a  question  which 
will  come  up  for  consideration  hereafter;  but  the  facts  with  regard  to  the  pancreatic 
juice  are  conclusive. 

Action  upon  Starchy  and  Saccharine  Principles.— A\\  physiologists  are  agreed  with 
regard  to  the  action  of  the  pancreatic  juice  in  transforming  starch  into  sugar.  This  was 
first  observed,  in  1844,  by  Valentin,  who  experimented  with  an  artificial  fluid  made  by 
mfiising  pieces  of  the  pancreas  in  water.  Bouchardat  and  Sandras  first  noted  this  prop- 
erty in  the  normal  pancreatic  secretion. 

The  property  of  converting  starch  into  sugar  is  possessed  by  several  of  the  digestive 
fluids.  We  have  seen  that  the  starchy  elements  of  food  are  acted  upon  by  the  saliva 
that  this  action  is  not  necessarily  arrested  as  these  principles,  mixed  with  the  saliva 
pass  into  the  stomach,  and  that  the  intestinal  juice  of  itself  is  capable  of  efi'ecting  the 
transformation  of  starch  into  sugar  to  a  considerable  extent.  It  therefore  becomes  an 
important  question  to  determine  precisely  how  far  the  pancreas  is  actuaUy  concerned  in 
tUe  digestion  of  this  class  of  principles. 

Bernard  places  the  pancreatic  juice  at  the  head  of  the  list  of  the  digestive  fluids  which 
act  upon  starch.  This  view  is  undoubtedly  correct;  although  he  goes  a  little  too  far 
in  claimmg  that  starch  is  almost  exclusively  digested  by  the  pancreas.  Bernard's  ex- 
periments, however,  were  made  chiefly  on  dogs,  and  these  animals  do  not  naturally  take 
starch  as  food.  In  man,  some  of  the  starchy  principles  of  the  food  are  acted  upon  by 
the  sahva,  but,  undoubtedly,  most  of  the  starch  taken  as  food  is  digested  in  the  small  in- 
testme.  Although  the  intestinal  juice  is  capable  of  eff-ecting  the  transformation  of  starch 
nto  sugar,  the  experimental  evidence  is  conclusive  that  in  this  it  is  subordinate  to  the 
pancreatic  juice,  which  latter  effects  this  transformation,  at  the  temperature  of  the  bodv 

do  witl,  a"    7^  °°  '^"^ 
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taken  into  *  ^        the  stomach;  when  it  is  taken  raw,  it  is  hy- 

T  t  1  Ttlie  and  ISrunclevgoes  no  transformation  into  sugar  until  it  has 

drated  m  «  J  passes  out  at  the  pylorus,  mainly  hy  the  ac- 

Tnt  assistLce  of  the  intestinal  Juice,  it  is  transformed 

VtZratfadyl-l'^e^^  digestion  of  sugar  as  far  as  the  small  intestine. 

r^     I  Ideites  no  change  in  the  stomach  and  is  taken  directly  into  the  c.rcu  ation. 

'pld.  Lp„  .pen  fte  presence  of  a  free  -  ^^'^L^' ^r.  of  c.o.ug.r.  i.  i.  .... 

firmation  in  the  case  of  -tes  ma  fistula  obse, v  d  by  Bu  c     ^^.^  ^ 

sugar  was  introduced  in  quantity  "^^^^f/^^XmantTty  of  glucose  but  never  any  cane- 
the  upper  end  of  the  intestme  contamed  a  small  quantity  or  b 

^"Sar-  ™1,ptlier  the  transformation  of  cane-sugar  into  glucose  be 

It  now  becomes  a  question  whetbei  the  ^'J^^'^^  .  .       ^he  pancreatic  juice 

effected  by  the  bile,  the  intestinal  i-^^': J^^J'^^^^ll  ^pp'  sed  to  Lve  this  effect; 
and  the  intestinal  juice  are  the  two  flmds^wb  eh  -  f  ^  be  ^.       ^^^.^^  ^^^^ 

for  it  has  been  repeatedly  ^^monstra  d  that  h  bile  Busch  upon 

any  of  the  alimentary  prmciples.    This  point  is  settle     y         1  .^^^  ^^.^  j^^,,. 

the  lower  end  of  the  intestine,  m  his  ca  e  o  fi^^u k    Matt  ^^^^ 

opening  came  in  contact  ,  V^^^^^  "'^  ' 

posed  thus  to  the  -^-n  of  lie  mtestmal  ^^^^  .^^.^^^^ 

l:?:  1st:  re::.;^  ™us  membrane  until  it  has  been  trans- 

'-1;^:T^.  -  pancreatic  juice  .  ^-^^^^^X^^^^^  ^ 
tact  with  any  of  the  sacchanne  l-^-P^^^^^^f,^^^^^^^^^^ 

contents  of  the  small  intestme  are  ^^^t'^;^™  ,  of  it  may  be  converted  in  the 
When  a  very  large  quantity  of  sugar  l^a^ l^een  t'lken^^  a  ^^.^^  ^^^^^^^  ^^.^^ 

intestine  into  lactic  acid,  and  this  ^^^^J^^^P^^J^  \tarcb  and  cane-sugar  are  readily 
digestion  of  starch;  but,  under  ««j73,.3^'*Xgoing  farther  ^  All 
changed  into  glucose  and  are  absoi-bed  ^  ^^"^^^d  ^^^e  portal  vein  and  carried  to 
Z  trS;^~S^-y  fori  apparent^  under  which  they 


can  be  used  in  nutrition. 


occasion  to  insist  npon  the  S/^^^  ff^^^^^^^'^  7  disintegration  of  food  is  not  final, 
been  apparent  that,  in  the  stomach,  ^^^e  Proce^s  o  B  „atory  to  the 

even  as  regards  many  of  the  -  ™f  ^^SSptce  in  the  small  intestine.  The 
complete  liquefaction  of  these  prmciples,  which  ^^^^^^  .^^^       l,een  partially 

experiments,  already  referred  to,  of  ,     w^^^^^^^^  the  passage,  not  only 

destroyed  in  dogs,  show  rapid  7--;';^', "^'^  matter  in  the  dejections, 

of  unchanged  fats  and  starch,  but  of  undigested  b 
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la  some  instances,  pieces  of  tripe  which  had  been  fed  to  the  animal  were  recognizable  in 
the  faeces  "by  their  aspect,  because  of  their  slight  alteration."  The  voracious  appetite, 
progressive  emaciation,  and  the  passage  of  all  classes  of  alimentary  substances  in  the 
fsBces,  after  this  operation,  demonstrate  conclusively  the  great  importance  of  the  pancre- 
atic juice  in  digestion.  But,  when  we  inquire  into  the  precise- mode  of  action  of  this 
iltiid  upon  the  albuminoids,  the  question  becomes  one  of  great  difficulty.  If  the  bile  bo 
shut  otf  from  the  intestine  and  discharged  externally  by  a  fistulous  opening,  the  same 
voracity  and  emaciation  are  observed ;  and  yet  there  is  no  single  alimentary  substance 
upon  which  the  bile,  of  itself,  can  be  shown  to  exert  a  decided  digestive  action.  Fai-ther- 
more,  the  pancreatic  juice  is  evidently  calculated  to  act  upon  alimentary  principles  after 
they  have  been  subjected  to  the  action  of  the  stomach,  a  preparation  which  is  absolutely 
essential  to  proper  intestinal  digestion;  and,  once  passed  into  the  intestine,  the  food 
comes  in  contact  with  a  mixture  of  pancreatic  juice,  intestinal  juice,  and  bile.  We  have 
to  study,  therefore,  the  special  action  of  the  pancreatic  secretion  upon  the  albuminoids, 
as  far  as  it  can  be  isolated,  and  its  action  in  conjunction  with  the  other  intestinal  fluids 
and  in  the  presence  of  other  alimentary  principles  in  process  of  digestion.  The  first 
definite  observations  upon  these  points  werfe  made  by  Bernard.  He  found  that  the  albu- 
minoid substances  generally,  exposed  to  the  action  of  the  pancreatic  juice  out  of  the 
body,  became  rapidly  softened  and  dissolved  in  some  of  their  parts,  but  soon  passed  into  a 
condition  of  putrefaction.  An  analogous  change,  it  will  be  remembered,  also  takes  place 
in  starchy  and  fatty  matters  when  exposed  to  the  action  of  the  pancreatic  juice  out  of 
the  body,  and  they  pass  through  the  various  stages  of  transformation  respectively  info 
lactic  acid  and  the  fatty  acids.  This  putrefactive  action  does  not  take  place  in  albuminoids 
which  have  been  precipitated  after  having  been  cooked,  or  in  raw  gluten  or  caseine.  The 
presence  of  fat  also  interferes  with  putrefaction  ;  so  that  Bernard  concludes  that  the  fats 
have  an  important  influence  in  the  intestinal  digestion  of  nitrogenized  principles. 

Taking  into  consideration  what  has  been  positively  ascertained  concerning  the  action 
of  the  pancreatic  juice  upon  the  albuminoids,  there  can  be  no  doubt  with  regard  to  the 
importance  of  its  function  in  the  digestion  of  these  principles  after  they  have  been  ex- 
posed to  the  action  of  the  gastric  juice.  Experiments  upon  the  digestion  of  these  sub- 
stances after  they  have  passed  out  of  the  stomach  show  that  they  undergo  important  and 
essential  changes  as  they  pass  down  the  intestinal  canal.  While  the  bile  and  the  intesti- 
nal juice  are  by  no  means  inert,  they  seem  to  be  only  auxiliai-y  in  their  action  to  the  pan- 
creatic jmce.  When  meat  is  taken  into  the  stomach  or  is  exposed  even  for  a  long  period 
to  the  action  of  the  gastric  juice,  there  is  always  more  or  less  insoluble  residue,  which  can 
be  shown  by  microscopical  examination  to  consist  of  the  muscular  substance. 

The  preparation  which  the  albuminoids  undergo  in  the  stomach  is  undoubtedly  neces- 
sary to  the  easy  digestion,  in  the  small  intestine,  of  that  portion  which  is  not  dissolved  by 
the  gastric  juice.  This  fact  has  been  conclusively  demonstrated  by  experiments  on  in- 
testinal digestion  m  the  inferior  animals  and  by  the  observations  of  Busch  in  the  case  of 
intestinal  fistula  in  the  human  subject. 

Action  of  the  Bile  in  Digestion. 
A  great  deal  of  diversity  of  opinion  has  existed  among  physiologists  concerning  the 
ttmctions  of  the  bile.  It  is  now  pretty  generally  acknowledged  that  this  fluid  has,  of 
Itself,  no  marked  influence  upon  any  of  the  different  classes  of  alimentary  principles 
such  as  we  have  observed  in  the  other  secretions  discharged  into  the  alimentary  canal 
iHis  being  the  case,  it  is  important  to  decide  whether  the  bile  be  essentia]  in  assisting  or 
momtying  the  action  of  other  secretions  or  whether  it  be  entirely  inert  in  the  digestive 
ZZT  ^'Tf^^  ^^"^  ^'^^  poured  into  the  upper  part  of  the  small  intestine,  it 
would  seem  that  it  must  have  some  office,  either  in  modifying  the  digestion  and  absorp- 
tinal  t         Z  ^r'"^"  °^  alimentary  substances  or  their  residue  down  the  intes- 

tract.    It  IS  difficult  to  suppose  that  a  fluid  which  is  brought  in  contact  with  the  ali- 
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mentary  mass  in  that  portion  of  the  intestine' where  the  most  important  digestive  pro- 
cesses co™  '''''''        v>ew  entertamed  by 
me  experimentalists.    In  this  position  of  the  subject  -tu-i  y  «.e    J.  quest.on  to 
decide  relates  to  the  excrementitious  or  rccrementit.ous  character  of  the  bile ,  or  whether, 
fn  oler  word  ,  the  bile  be  separated  from  the  blood  si.nply  to  be  discharged  rom  the 
body  or  have  ome  important  function  to  perform  as  a  secretion.    An  apparently  simple 
method  of  I  t  ling  this  question  has  been  employed  by  many  experimenters  but  with  re- 
sets which  a^;  not  satisfactory,  unless  they  can  be  in  some  way  harmonized  Schwann, 
suits  wnicn  aio                        Bernard  whose  observations  will  be  more  fully  consid- 
"""l  l'  r^  ft"-  have  peS^eTexpeZ^^^^^  upon  animals  in  which  the  bile  was  entirely 
r  S  i^^theTnte's:-^^^^      discharged  from  the  body  by  a  fistula.    If  the  bile  be^sim- 
?;;*^ementiUons,  it  ^^^^  ^^tt^!:  S  dl^lrS^^^^^ 

dive'rted  from  its  natural  cour.^nd  ,,oIedochus,  the 

Zt^reportelby  Schwann  were  made  ^pon  ^ix^en    ogs  and  ^^^^^^ 
only  six  can  be  regarded  as  successful ;  and,  m  the  ^'^^'iJ^^Tovem^^  into  the  gall- 
peritonitis  resulting  from  the  operation,  or  ^^J^f '  ^^^^^"^^^^^^^  ZTthl  intestine  re- 
bladder  becoming  closed  and  the  communication  ,.,,peetively,  after 
establishing  itself.    These  six  animals  died,  ^-^f       ^X^'  ^f^u,  exc^t  the 
seven,  thirteen,  seventeen,  twenty-five,  sixty-fom  ^^^  'l^'^J^^^^  gl-adual 
two  Inimals  that  lived  for  sixty-four  and  ^^g^^y^;^'^^^;^;^^^^^^^^^^^  a  large  quan- 
diminution  in  weight  from  the  date     '^^'^'''l]'^;:'''^^^^^                in  weight,  then 
tity  of  food  was  taken.    In  the  two  exceptions,  ^J.'^J^J^J^^^f^^^^^^         occurred.  In 
the  flesh  was  partially  regained,  but  it  ^-^^'^^'f^Xr^el^^^        from  the  aboli- 
these  six  animals,  there  was  every  reason   o  bel^ve  ^"f^^^X^  ^ere  very  much 
tion  of  the  digestive  function  of  the  bile  and  the  ^^^^^^^  ^^^^^^^^'^^ele  experiments 
like  those  produced  by  Bernard  ^j/f^^'^.^l^^^^^ 

were  confirmed  in  their  essential  particulars  ^/^ f^^J^^^^^^^^^'^ent Wous  fluid,  and  that 
These,  facts  seem  to  show  that  the  bile  is  not  «™f  ^/^J™;"  rtant  but  absolutely 
its  function,  after  it  is  discharged  into  ^V'^'  ^Jsed  to  t  LTew  is  one  reported  by 
essential  to  life.    The  only  experiment  which  is  opposed  to  this  view 

Blondlot.  ,       n.,    Qstnla.  was  established  in 

The  experiment  by  Blondlot  was  made  upon  ^  ^.^^        a  portion  ex- 

the  fundus  of  the  gall-bladder,  the  ductus  -™^^\\7,^,^1"^  l.tremely  thin,  but  ate 
sected.    Fifteen  days  after  the  opem  ion,  the  ^^^^/^^^^^f^.t  health.    During  all 

well,  and,  according  to  the  report  of  the  exper  mei^^^^^  ^^^^^  ^^^^ 

this  'time,  however,  he  habitually  licked  the  ^^^^^^^^^^^^^  the  bile,  the  nutri- 

this  by  a  muzzle.  From  the  moment  ^^^^/^^J^^^f  ^^',„,,,ea  the  natural  amount  of 
tion  began  to  improve,  and  in  three  month   he  ,^  „,other  memoir, 

flesh.  A  farther  account  of  this  f  P^^-^f  *J',,f7Sstence^^  the  fistula,  was  claimed 
The  animal,  while  in  perfect  health  aside  from  J?;;^;;*^;°7  ^^o  the  hands  of  the  ex- 
by  the  owner,  from  whom  it  had  been  «t°^'^,^'^f°'^;  ,Pj'^  3  owner  for  hunting  and 
pcrimenter.    With  the  fistula  still  open,  the  dog  Blondlot,  but  died 

lived  for  five  years.    At  the  end  of  this  time  it  was  retmned 
while  in  his  possession,  two  months  after. 
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The  important  question  then  to  determine  was  that  the  bile  had  been  completely  shut 
off  from  the  intestinal  canal.  An  examination  of  the  parts  was  consequently  made  in 
the  presence  of  a  number  of  physicians  and  students.  On  the  most  minute  dissection,  it 
was  impossible  to  find  any  communication  between  the  bile-duct  and  the  duodenimi ; 
and  tlie  conclusion  arrived  at  was  that  the  animal  had  lived  for  five  years  without  a  drop 
of  bile  passing  into  the  intestine,  and,  consequently,  that  this  fluid  was  useless  in  digestion. 

The  facts  obtained  by  all  other  observers  are  in  direct  opposition  to  the  above  experi- 
ment. After  a  number  of  trials,  we  succeeded  in  establishing  a  biliary  fistula  in  a  dog, 
the  operation  being  followed  by  no  inflammation  of  the  peritoneum,  and,  notwithstanding 
that  the  animal  was  voracious  and  consumed  daily  large  quantities  of  food,  it  died  in 
thirty-eight  days,  of  inanition.  If  our  own  observation  and  those  of  other  experimenters 
be  correct,  it  is  impossible  that  an  animal  should  live  in  perfect  health  for  . years  with  all 
the  bile  discharged  by  a  fistula. 

There  is  reason  to  believe  that  the  experiment  of  Blondlot  was  inaccurate,  and  that  a 
communication  existed  between  the  bile-duct  and  the  duodenum,  which  was  not  discov- 
ered at  the  dissection  after  death.  The  following  observation  strengthens  us  in  this 
opinion : 

We  made  an  attempt  on  one  occasion  to  ascertain  the  total  amount  of  bile  secreted  in 
twenty-four  hours;  and,  with  this  view,  the  ductus  communis  choledochus  was  exposed 
in  a  dog,  the  bile  contained  in  the  gall-bladder  was  pressed  out,  a  canula,  M'ith  an  elastic 
bag  attached,  was  fixed  in  tlie  duct,  and  the  external  wound  was  closed,  leaving  the  end 
of  the  canula,  with  the  bag  attached,  protruding  from  the  abdomen.  The  bag  ruptured 
twenty-three  hours  after,  and  the  experiment  was  consequently  unsuccessful  in  the  end 
for  which  it  was  undertaken.  The  tube  dropped  out  at  the  end  of  forty-eight  hours,  and 
the  external  wound  quickly  healed.  Thirty  days  after  the  operation  the  animal  was 
killed.  He  had  then  entirely  recovered,  and  no  bile  had  been  discharged  externally  for 
a  long  time.  The  alvine  dejections  were  perfectly  normal,  and  there  could  be  no  doubt 
that  the  bile  was  regularly  discharged  into  the  duodenum.  On  dissection  after  death, 
the  liver  was  found  normal,  and  the  papilla  which  marks  the  opening  of  the  bile-duct 
into  the  duodenum  was  natural  in  appearance.  It  was  with  the  greatest  difficulty,  how- 
ever, that  the  communication  between  the  bile-duct  and  the  duodenum  could  be  found; 
yet,  after  patient  searching  for  more  than  an  hour,  a  small,  tortuous  tract  was  discovered. 
Had  it  not  been  certain  that  bile  had  been  constantly  discharged  into  the  intestine,  it 
might  have  been  assumed,  even  after  careful  examination,  that  no  such  communication 
existed.  This  examination  convinced  us  that  it  was  possible  that  the  communication 
between  the  duct  and  the  intestine  had  been  reestablished  in  Blondlot's  case,  and  that  it 
had  escaped  observation  in  the  dissection  after  death. 

The  isolated  experiment  of  Blondlot  does  not  therefore  invalidate-the  results  obtained 
by  Schwann  and  confirmed  by  so  many  eminent  physiologists.  The  bile  is  not  simply  an 
excretion  but  has  an  important  and  essential  ofiSce  to  perform  in  the  process  of  intestinal 
digestion.  We  have,  however,  conclusively  shown  that,  in  addition  to  its  recrementitious 
function,  it  separates  from  the  blood  an  important  excrementitious  principle,  cholesterine, 
which,  under  a  modified  form,  is  discharged  in  the  feeces.  This  function  of  the  liver  will 
be  fully  considered  under  the  head  of  excretion.  It  is  suflicient  for  our  present  purposes 
to  show  that  the  bile,  unlike  any  other  fluid  in  the  organism,  has  two  distinct  functions, 
dependent  upon  two  distinct  classes  of  constituents.  The  peculiar  principles  known  as 
the  biliary  salts,  which  are  produced  in  the  liver,  give  to  it  its  digestive  properties;  and 
the  cholesterine,  which  is  simply  separated  from  the  blood  by  the  liver,  gives  it  its  ex- 
crementitious character. 

As  we  are  much  better  acquainted  with  the  excrementitious  than  with  the  digestive 
function  of  tlie  bile,  we  shall  consider,  in  this  connection,  only  a  few  of  the  points  con- 
cerning the  chemistry  of  this  fluid,  deferring  a  full  account  of  its  composition  until  wo 
come  to  treat  of  it  as  an  excretion. 
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The  bile  varies  in  color  and  consistence  in  different  animals.  It  usually  has  a  greenisl., 
yeUowish,  or  brownish  hue.  In  the  human  subject,  it  has  a  dark  golden-brown  color 
and  is  somewhat  viscid  in  consistence,  chiefly  from  admixture  with  the  mucus  of  he  gall- 
bladder.   The  specific  gravity  of  human  bile  has  been  found  to  be  about  1018.    Its  reac- 

""'"^^iZ^^^^  --^--'^  -  peculiar  principles, 

which  are  found  in  no  other  part  of  the  organism ;  but  the  exact  nature  of  these  con- 
Ttituei^ts  was  first  described  by  Strecker,  in  1848,  who  obtained  from  the  b>le  of  the  ox 
t^  principles,  cholic  and  choleic  acid,  which  he  found  to  exist  in  th.s  fluid  m  comhma- 
lon  Sith  soda:  The  cholic  acid  of  Strecker,  which  may  be  decomposed  into  a  new  ac.d 
and  I  principle  called  glycine,  and  the  choleic  acid,  from  which  may  be  formed  a  new 
add  and  taurine,  are  called  by  Lehmann,  respectively,  glycocholic  and  taurochohc  acd. 
?n  the  bile  of  the  ox,  these  are  found  combined  with  soda,  and  the  peculiar  proxunate 
principles  of  this  fluid  are  now  recognized  as  the  glycocholate  of  soda,  a  crystallme  sub- 
stance and  the  taurocholate  of  soda,  which  is  of  a  resinous  consistence  and  is  stated  o 
be  nnc'rystallizable.  In  the  human  bile,  Dalton  has  found  a  resinous  substance,  which, 
W  its  behavior  with  various  reagents,  is  undoubtedly  analogous  to  the  taurocholate 
of  soda  of  ox-bile,  but  which  he  could  not  obtain  in  a  crystalline  form. 


Fig.  -a.-Ci-ystaU  of  glycocholate  of  soda.  (Kobin.) 
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be,  undoubtedly  depends  chiefly  upon  the  biliary  salts,  and  perhaps  to  some  extent  upon 
its  saponaceous  constituents. 

Experiments  with  regard  to  the  action  of  the  bile  upon  different  alimentary  substances 
out  of  the  body  have  not  led  to  any  definite  results.  It  is  only  in  connection  with  the  other 
digestive  fluids  that  the  bile  seems  to  be  efiicient ;  and  the  only  observations  which  have 
thrown  any  light  upon  the  subject  are  those  made  upon  digestion  in  the  living  organism. 
Simple  ligation  of  the  bile-duct  has  taught  us  very  little  regarding  the  eliects  of  shutting  off 
the  bile  from  the  intestine  ;  for  the  immediate  efliects  of  the  operation  generally  interfered 
with  the  process  of  digestion,  and  subsequently  the  experiment  was  necessarily  disturbed 
by  the  effects  of  the  retention  of  bile  in  the  excretory  passages.  As  would  naturally  be 
expected,  these  observations  have  been  quite  contradictory.  The  most  satisfactory  ex- 
periments upon  the  digestive  function  of  the  bile  have  followed  the  establishment  of  a 
fistulous  opening  into  the  gall-bladder,  the  fiow  of  bile  at  the  same  time  being  completely 
shut  off  from  the  intestine.  In  all  experiments  of  this  kind  in  which  fatal  inflammation 
did  not  foUow  the  operation,  death  has  taken  place  from  inanition,  notwithstanding  an 
increase  in  the  quantity  of  food  taken.  This  result  is  not  due  simply  to  the  loss  of  the 
sohd  matter  discharged  in  the  bile,  which  is  small  in  proportion  to  the  total  daily  loss  of 
weight ;  but  it  imdoubtedly  proceeds  from  disordered  nutrition,  which  has  its  starting- 
point  in  disordered  digestion. 

Observations  on  a  Dog  with  a  Biliary  Fistula. — We  have  now  to  study  the  modifica- 
tions in  digestion  and  nutrition  which  are  the  result  of  simply  diverting  the  bile  from  the 
intestine.  "With  that  view,  we  followed  carefully  these  changes  in  an  animal  with  a 
biliary  fistula  that  was  under  our  own  observation.  This  experiment  confirmed,  in  aU 
important  particulars,  those  of  Schwann  and  of  Bidder  and  Schmidt.  It  is  given  here 
somewhat  in  detail,  for,  inasmuch  as  no  inflammation  followed  the  operation  and  nothing 
occurred  to  complicate  the  effects  of  the  diversion  of  the  bile  from  the  intestine,  we  re- 
garded the  experiment  as  remarkably  successful. 

November  15,  1861,  a  biliary  fistula  was  established  in  a  young  cur-dog  weighing 
twelve  pounds.  The  abdominal  organs  were  very  little  exposed,  and  the  experiment, 
from  the  first,  promised  to  be  very  satisfactory.  The  bile-duct  was  first  hgated  next  the 
intestine  and  at  its  junction  with  the  cystic  duct,  and  the  intermediate  portion  was  ex- 
sected.  The  incision  in  the  abdomen  was  in  the  median  line  just  below  the  ensiform 
cartilage,  and  was  about  three  inches  long.  The  fundus  of  the  gall-bladder  was  then 
drawn  to  the  upper  portion  of  the  wound,  and  the  bile  was  evacuated  by  a  small  opening 
the  edges  of  which  were  attached  to  the  abdominal  parietes.  The  wound  in  the  abdo- 
men was  then  closed,  except  the  opening  into  the  gall-bladder,  into  which  a  few  shreds 
of  lainp-wicking  were  introduced. 

■  The  animal  appeared  to  do  perfectly  well  after  the  operation  and  ate  the  usual  quan- 
tity the  next  day.  He  was  'kept  in  a  warm  room,  although  the  weather  was  mild  ■  and 
a  careful  record  was  made  of  his  condition  every  day. "  The  fistula  occasionally  showed  a 
tendency  to  close,  but  it  was  kept  open  by  the  occasional  introduction  of  a  glass  rod 
From  time  to  time,  while  the  animal  was  under  observation,  he  licked  the  bile  as  it 
flowed  from  the  fistula.  This  was  afterward  prevented  by  a  long  wire-muzzle,  the  sides 
ot  which  were  covered  with  oil-silk. 

The  abdomen  was  somewhat  tumid,  with  some  rumbling  in  the  bowels,  for  five  days 
after  the  operation.  The  first  alvine  discharge  took  place  on  the  evening  of  the  second 
day.  The  fasces  seemed  in  all  regards  normal.  After  that  time,  they  became  very  infre- 
qaent,  although  the  animal  ate  well  every  day.  The  freces  that  were  passed  after  the 
third  day  were  ot  a  grayish  color  and  moderately  soft.  They  had  an  exceedingly  offensive 
and  penetrating  odor.  At  about  the  fifteenth  day,  the  fteces  became  more  frequent  and 
c^Z  y\  ^"'''"'^         °''  Generally,  they  were  clay-col- 

offimsive  odor'°°  '^'^'^  ''^^"^^  ^^""^  ^  P^<^^^li^r'y 
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The  weight  of  the  animal  remained  stationary  for  about  four  days.    On  the  sixth  day 
C^ovemherloU,,  the  weight  hegan  tod-m.im..   He  ^..hec^^o^^^^^^ 

rdber  l^when  the  ;eight  agtin  began  to  diminish  December  0th  ti.  w^^^^^^^^^ 
was  nine  pounds.  On  December  7th,  the  weight  was  reduced  to  eight  and  a  balf  pounds, 
and  the  st-  e^gth  began  to  fail  manifestly.  December  10th  and  11th,  l.e  gamed  a  h  tie, 
on  ttse  days  weighing  nine  pounds;  but,  after  that,  he  progressively  diminished  in 
rrentth  anS  in  weight  xmtil  delth  occurred,  thirty-eight  days  after  the  operation.  The 
:fetgh1  was  til  seven  and  a  half  pounds,  showing  a  total  loss  of  four  and  a  half  pounds, 

D^r.  the  first  nine  days  of  the  observation,  the  animal  ate  well  but  not  ravenously, 
taki^    bout  Iht e-,uarters'of  a  pound  of  beef-heart  daily.    On  tbe  tenth  day  the  appe- 

befl  his  death    During  the  last  five  or  six  days,  he  seemed  very  ravenous  and  was  no 

iTed  to  eat  all  that  hf  would  at  one  time.    At  this  time  he  -^^-^^^^ 

day.   He  would  not  eat  fat,  even  when  very  hungry.   Dunng  the  last  day,  when  too 


Fig  18— Dog  with  a  biliary  fistula. 
'^-^f^'^^T^oLl^n^^^^:  '°^^rJ'is1o..de..aN.  emaciated. 

.ea.  to  Stand,  he  attempted  to       while  lym^^^^^^^^^^^ 

the  observation,  he  attempted  constantly  to  en^  he  fsBces^  i,  ^^^^^^  ^^^^  ^^^^^ 

experiment,  when  the  dog  had  become  much  ^^duced  m  w  g  ^ 
and  snapped  at  every  animal  that  came  near  him.    There  was 

of  the  breath,  or  faUing  oif  of  the  hain  gall-bladder  w.as 

A  careful  examination  of  fl^^'^^^J'l^^  t,,  fistula  would  admit  a  large-sized 
somewhat  contracted  but  not  '  f^^^j  j^^pe 

male  catheter    ^oth  ends  of  th^^^^^^^^^^^  Hh  the 

no  passage  of  bile  mto  the  intestine.    J-^/"  "  „,.„„nfl  the  wound  and  over  the 

exception  of  evidences  of  shght  peritonod  f^™™;^          .^'^I.^Jhere  in  the  body, 
convex  surface  of  the  liver.    There  was  no  fat  n  the  omentum  J 
except  a  very  small  quantity  at  the  bottom  of^^  '^'^^  numerous-in 
The  above  observation  is  a  type  of  the  instances 
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which  the  bile  has  been  completely  shut  off  from  the  intestine  and  dischai-ged  externally 
by  a  fistula  into  the  gall-bladder.  As  far  as  could  be  ascertained,  this  animal,  from  the 
iirst,  presented  no  disturbances  which  were  not  due  solely  to  the  absence  of  the  bile  from 
the  intestine  and  its  discharge  externally.  Although  the  phenomena  here  presented  do 
not  teach  us  much  that  is  definite  concerning  the  digestive  action  of  the  bile,  taken  in 
connection  with  what  has  been  ascertained  concerning  the  general  properties  of  this  se- 
cretion, they  tlirow  some  light  upon  its  functions. 

One  of  the  functions  which  has  been  asci'ibed  to  the  bile  is  that  of  regulating  the  peris- 
taltic movements  of  the  small  intestine  and  of  preventing  putrefactive  changes  in  the 
intestinal  contents  and  the  abnormal  development  of  gas.  Experiments  on  this  point  are 
somewhat  conflicting.  Our  own  observations  would  lead  us  to  doubt  the  constant  influ- 
ence of  the  bile  upon  the  peristaltic  movements.  During  the  first  few  days  of  our  experi- 
ment, the  dejections  were  very  rare ;  but  they  afterward  became  regular,  and,  at  one 
time,  even,  there  was  a  tendency  to  diarrhoea.  There  can  be  no  doubt,  however,  that 
the  bile  retards  the  putrefaction  of  tiie  contents  of  the  intestinal  canal,  particularly  when 
animal  food  has  been  taken.  The  faeces  in  the  dog  were  always  extremely  offensive. 
Bidder  and  Schmidt  found  this  to  be  the  case  in  dogs  fed  entirely  on  meat ;  but  the  faeces 
were  nearly  odorless  when  the  animals  were  fed  on  bread  alone.  In  the  case  of  intes- 
tinal fistula  in  the  human  subject,  the  evacuations  which  took  place  after  the  intro- 
duction of  alimentary  substances  into  the  lower  portion  of  the  intestine  had  an  unnaturally 
offensive  and  putrid  odor.  In  this  case,  as  it  was  impossible  for  matters  to  pass  from  the 
portions  of  the  intestine  above  the  fistula  to  those  below,  the  food  introduced  into  the 
lower  opening  was  completely  removed  from  the  action  of  the  bile. 

As  far  as  the  digestion  of  the  different  alimentary  principles  is  concerned,  it  has  been 
shown  that  the  bile,  of  itself,  has  no  particular  action  upon  any  of  them.  In  the  fseces 
of  animals  with  biliary  fistula,  the  only  peculiarity  which  has  been  observed,  aside  from 
the  putrefactive  odor  and  the  absence  of  the  coloring  matter  of  the  bile,  has  been  the 
presence  of  an  abnormal  proportion  of  fat.  We  have  observed  this  in  the  fteces  of  a  pa- 
tient suffering  under  jaundice  apparently  due  to  temporary  obstruction  of  the  bile-duct. 
This  fact  was  noted  in  the  dogs  experimented  upon  by  Bidder  and  Schmidt. 

The  various  experiments  which  have  been  performed  upon  animals  render  it  almost 
certain  that  the  bile  has  an  important  influence,  either  upon  the  digestion  or  upon  the  ab- 
sorption of  fats.  Bidder  and  Schmidt  noted  in  animals  with  biliary  fistula  that  the  chyle 
contained  very  much  less  fat  than  in  health.  In  an  animal  with  a  fistula  and  the  bile-duct 
obliterated,  the  proportion  of  fat  was  1-90  parts  to  1,000  parts  of  chyle  ;  while,  in  an  ani- 
mal with  the  biliary  passages  intact,  the  proportion  was  S2-19  parts  per  1,000.  In  ani- 
mals operated  upon  in  this  way,  there  is  frequently  a  great  distaste  for  fatty  articles  of 
food.  In  our  own  observation,  the  dog  refused  fat  meat,  even  when  very  hungry  and 
when  lean  meat  was  taken  with  great  avidity. 

Experiments  concerning  the  influence  of  the  bile  upon  the  absorption  of  fats  have  re- 
sulted in  hardly  any  thing  definite.  We  know  only  the  fact  that,  when  the  bile  is  diverted 
from  the  intestine,  the  proportion  of  fat  in  the  chyle  is  greatly  reduced,  and  a  large  pro- 
portion of  the  fat  taken  with  the  food  passes  through  the  intestine  and  is  found  in  the 
ffeces. 

The  action  of  the  bile  in  exciting  muscular  contraetion,  particularly  in  the  smooth 
muscular  fibres,  is  pretty  well  established.  It  has  been  shown  by  Schiff  that  this  fluid 
acts  upon  the  muscular  fibres  situated  in  the  substance  of  the  intestinal  villi,  causing 
them  to  contract,  and,  according  to  his  view,  assisting  in  the  absorption  of  chyle  by  emp- 
tying the  lacteals  of  the  villi.  The  whole  subject,  however,  of  the  absorption  of"  fats  is 
exceedingly  difficult  of  investigation  ;  and  our  knowledge  of  it  has  not  been  sensibly  ad- 
vanced by  the  experiments  upon  the  influence  exerted  by  the  bile.  Notwithstanding  tlio 
obscurity  in  which  this  subject  is  involved,  it  is  certain  that  the  progressive  emaciation, 
loss  of  strength,  and  final  death  of  animals  deprived  of  the  action  of  the  bile  in  the  intes- 
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tine,  are  due  to  defective  digestion  and  assimilation.  In  spite  of  the  great  quantities  of  food 
taken  by  these  animals,  the  phenomena  which  precede  the  fatal  result  are  simply  those 
of  starvation.  It  may  be  that  the  biliary  salts  are  absorbed  by  the  blood  and  are  neces- 
sary to  proper  assimilation  ;  but  there  is  no  experimental  basis  for  this  supposition,  and 
it  is  impossible  to  discover  these  salts  in  the  blood  of  the  portal  system  by  the  ordinary 
tests.  It  is  more  probable  that  the  biliary  salts  influence  in  some  way  the  digestive  pro- 
cess and  are  modified  and  absorbed  with  the  food. 

The  observations  of  Bidder  and  Schmidt  show  conclusively  that  the  characteristic 
constituents  of  the  bile  are  absorbed  in  their  passage  down  the  alimentary  canal.  Hav- 
ing arrived  at  a  pretty  close  estimate  of  the  quantity  of  bile  daily  produced  in  dogs,  they 
collected  and  analyzed  all  the  fajcal  matter  passed  by  a  dog  in  five  days.    Of  the  dry 
residue  of  the  faces,  the  proportion  which  could  by  any  possibility  represent  the  biliary 
matters  did  not  amount  to  one-fourth  of  the  dry  residue  of  the  bile  which  must  have  been 
secreted  during  that  time.    They  also  estimated  the  total  quantity  of  sulphur  contained 
in  the  fiBces  and  found  that  the  entire  quantity  was  hardly  one-eighth  of  that  which 
was  discharged  into  the  intestine  in  the  bile ;  and,  inasmuch  as  nearly  one-half  of  that 
found  in  the  faces  came  from  hairs  which  had  been  swallowed  by  the  animal,  the  experi- 
ment showed  that  nearly  all  the  sulphur  contained  in  the  non-crystallizable  element  of 
the  bile  (the  taurocholate  of  soda)  had  been  taken  up  again  by  the  blood.    These  obser- 
vations show  conclusively  that  the  greater  part  of  the  bile,  with  the  biliary  sa  ts,  is  ab- 
sorbed by  the  intestinal  mucous  membrane.    Prof.  Dalton  has  attempted  to  follow  these 
principles  into  the  blood  of  the  portal  system,  but  has  never  been  able  to  detect  the  bili- 
ary salts,  by  the  most  careful  analysis.    Like  the  peculiar  principles  of  other  secretions 
which  are  reabsorbed  in  the  alimentary  canal,  these  substances  become  changed  and  are 
not  to  be  recognized  by  the  ordinary  tests,  after  they  are  taken  into  the  blood. 

Although  ft  is  the  digestion  and  absorption  of  fatty  substances  which  seem  to  be 
most  seriously  interfored  with  in  cases  of  biliary  fistula  in  the  inferior  animals,  the  rapid 
foss  of  weight  and  strength  indicates  great  disturbance  in  the  digestion  a^-JP- 
tlnn  of  other  articles  of  food  A  fact  which  indicates  a  connection  between  the  bile  and 
he  lloti  Jti^s^^^^^^^  the  flow  of  this  secretion,  although  constant  is  greatly 
tre^ed  when^^^^^^  passes  into  the  intestinal  canaL  This 

t  1      +1,,^  onhipft    The  following  observations  on  the  dog,  snowing  tue 
have  experimented  on  the  subject,    ine  louowiug  "  ,        „  fiot,,ln  had 

variations  in  the  flow  of  bile  from  the  fistula,  were  made  twelve  days  after  the  fistu  a  had 
Ten  established,  when  the  weight  of  the  animal  had  been  reduced  from  twelve  to  ten 
pounds. 

Table  of  Variations  in  the  Floio  of  Bile  with  Digestion. 

(At  each  observation,  the  bile  waB  drawn  for  precisely  thirty  minates.) 


Time  after  Feeding. 


Immediately  

One  hour  

Two  hours  

Four  hours  

Six  hours  

Eight  hours  

Ten  hours  

Twelve  hours.  . .  . 
Fourteen  hours  . . 
Sixteen  hours  . .  . 
Eighteen  hours .  . 
Twenty  hours  .  . . 
Twenty-two  hours 


Fresh  .Bile. 

Dried  Bile. 

Grains. 

GraiDE. 

8-103 

0-370 

20-527 

0-E86 

ss-'reo 

1-080 

38-939 

1-404 

22-209 

0-987 

36-5V7 

1-327 

24-44'7 

0-833 

5-710 

0-247 

5-000 

0-170 

8-643 

0-309 

9-970 

0-277 

4-769 

0-170 

7-578 

0-293 

Percentage  of 
Drj'  Residue. 


4-566 

2-  854 

3-  023 

3-  605 

4-  450 
3-628 

3-  407 

4-  325 
3-400 
3-575 

2-  778 

3-  565 
3-866 
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Disregarding  slight  variations  in  this  table,  which  might  be  accidental,  it  may  be 
stated,  in  general  terms,  that  the  bile  commences  to  increase  in  quantity  immediately 
after  eating;  that  its  flow  is  at  its  maximum  from  the  second  to  the  eighth  hour,  during 
which  time  the  quantity  does  not  vary  to  any  great  extent ;  after  the  eightli  hour  it 
begins  to  diminish,  and,  from  the  twelfth  hour  to  the  time  of  feeding,  it  is  at  is  minimum. 

Although  it  has  been  pretty  satisfactorily  demonstrated  that  the  presence  of  the  bile 
in  the  small  intestine  is  necessary  to  proper  digestion  and  even  essential  to  life,  and 
although  the  variations  in  the  flow  of  bile  with  digestion  are  now  well  established,  it 
must  be  confessed  that  we  have  scarcely  any  definite  information  concerning  the  mode 
of  action  of  the  bile  in  intestinal  digestion  and  absorption.  Nearly  all  that  we  can  say  on 
this  point  is  that  its  action  seems  to  be  auxiliary  to  that  of  the  other  digestive  fluids. 


Movements  of  the  Small  Intestine. 

By  the  contractions  of  the  muscular  coat  of  the  small  intestine,  the  alimentary  mass 
is  made  to  pass  along  the  canal,  sometimes  in  one  direction  and  sometimes  in  another ; 
the  general  tendency,  however,  being  towai'd  the  CEecum.  The  partially-digested  matters 
which  pass  out  at  the  pylorus  are  prevented  from  returning  to  the  stomach  by  the  pecul- 
iar arrangement  of  the  fibres  which  constitute  the  pyloric  muscle.  The  passage  from 
the  stomach  to  the  intestine,  as  we  have  seen,  becomes  constricted  gradually,  so  that 
food  of  the  proper  consistence  finds  its  way  easily  into  the  duodenum  ;  but,  viewed 
from  the  duodenal  side,  the  constriction  is  abrupt,  so  that  regurgitation  ia  generally 
diflicult. 

Once  in  the  intestine,  the  food  is  propeUed  along  the  canal  by  peculiar  move- 
ments, which  have  been  called  peristaltic,  when  its  direction  is  toward  the  large 
intestine,  and  antiperistaltic,  when  the  direction  is  reversed.  These  movements  are 
of  the  character  peculiar  to  the  unstriped  muscular  fibres;  viz.,  slow,  gradual,  the 
contraction  enduring  for  a  certain  time  and  being  followed  by  a  correspondingly  slow 
and  gradual  relaxation.  Both  the  circular  and  the  longitudinal  muscular  layers  par- 
ticipate in  these  movements.  If  we  carefully  watch  this  action  in  the  intestines  of 
an  animal  after  the  abdomen  has  been  opened,  we  can  sometimes  see  a  gradual  constric- 
tion produced  by  the  action  of  the  circular  fibres  at  a  certain  point,  which  is  slowly 
propagated  along  the  tube,  while,  at  the  same  time,  the  longitudinal  fibres  are  alternate- 
ly contracted  and  relaxed  in  the  same  gradual  manner,  shortening  and  elongating  the 
tube  and  facilitating  the  onward  passage  of  its  contents.  It  can  readily  be  appreciated 
how  movements  of  this  kind  are  capable  of  propelling  the  alimentary  mass  slowly  but 
certainly  along  the  intestinal  tract,  even  when  the  direction  is  in  opposition  to  the  force 
of  gravity ;  and  we  can  see  how  admirably  these  movements  are  calculated  to  thorough- 
ly incorporate  the  food  with  the  digestive  fluids  and  to  expose  those  parts  which  have 
been  completely  hquefied  to  the  absorbent  action  of  the  mucous  membrane. 

Although  the  mechanism  of  the  propulsive  movements  of  the  intestine  may  be  studied 
in  living  animals  after  opening  the  abdomen,  or,  better  still,  in  animals  just  killed,  the 
movements  thus  observed  do  not  entirely  correspond  with  those  which  take  place  under 
natural  conditions.  In  vivisections,  no  movements  are  observed  at  first;  but,  soon  after 
exposure  of  the  parts,  nearly  the  whole  intestine  moves'  like  a  mass  of  worms.  In  the 
normal  process  of  digestion,  the  movements  are  never  so  general  or  so  active ;  they  take 
place  more  regularly  and  consecutively  in  those  portions  in  which  the  contents  are  most 
abundant,  and  the  movements  are  generally  intermittent,  being  interrupted  by  long  inter- 
vals of  repose.  In  Prof.  Busch's  case  of  intestinal  fistula,  there  existed  a  large  ventral 
hernia,  the  coverings  of  which  were  so  thin  that  the  peristaltic  movements  could  be  readily 
observed.  In  this  case,  the  general  character  of  the  movements  corresponded  with  what 
has  been  observed  in  the  inferior  animals.  It  was  noted  that  the  movements  wore  not 
contmuous,  and  that  there  were  often  intervals  of  rest  for  more  than  a  quarter  of  an  hour 
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It  was  also  observod  that  the  movements,  as  indicated  by  flow  of  chymous  matter  from 
the  upper  end  of  the  intestine,  were  intermitted  with  considerable  regularity  durmg  part 
of  the  night.  Antiperistaltic  movements,  producing  discharge  of  matters  w  hich  had  been 
introduced  into  the  lower  end  of  the  intestine,  were  frequently  observed.  _ 

As  far  as  has  been  ascertained  by  observations  upon  the  human  subject  ond  wann- 
blooded  animals,  the  regular  intestinal  movements  are  excited  by  the  passage  ol  alimen- 
tary matter  from  the  stomach  through  the  tube  during  the  natural  process  of  digestion. 
By  a  very  slow  and  gradual  action  of  the  muscular  coat  of  the  intestine,  its  contents  are 
passed  along,  occasionally  the  action  being  reversed  for  a  time,  until  the  indigestible 
residue  mixed  with  a  certain  quantity  of  intestinal  secretion,  more  or  less  modihed,  is 
dischar'-ed  gradually  into  the  caput  coli.    These  movements  are  apparently  not  continu- 
ous and  they  depend  somewhat  upon  the  quantity  of  matter  contained  in  different  parts  ol 
the'intestinal  tract.    If  we  are  to  judge  from  the  movements  in  the  inferior  animals  after 
the  abdomen  has  been  opened,  the  intestines  are  constantly  changing  their  position,  prin- 
cipally by  the  action  of  their  longitudinal  muscular  fibres,  so  that  the  force  of  gravity  does 
not  oppose  the  onward  passage  of  their  contents  as  much  as  if  the  relative  PO-t-n  o  th 
parts  were  constant.    There  are  no  definite  observations  concermng  he  relative  activity 
if  the  peristaltic  movements  in  different  portions  of  the  intestine ;  but,  from  he  fact  tl^ at 
the  jejunum  is  constantly  found  empty,  while  the  ileum  contams  a  --^'^-^^jj  JJ^^J 
of  pultaceous  matter,  it  would  seem  that  the  movements  must  be  more  vigorous  and 
efficient  in  the  upper  portions  of  the  canal.  -u  ^;„„i 

Z  gaB.«  wMoh  L  co..ta.ay  found     tU  int»ti„«  Ln™  an  -P"  "-'""^"^^^ 
fimrfion    ThoT  ««  usetul,  in  the  first  place,  in  keeping  tie  canal  conslanllj  d  stenOod 

„  tt  ™e   e:^enC^      a.oidiBg  tie  liability  to  distnrbances  in  tl,e  «°f 
fae  tatTng  the  passage  of  the  aliniontary  n,.ss  in  obedience  to  the  penstalt.e  conlrac- 

"»    Ther.l.o  support  tte  walls  of  the  intestine  and  protect  tkese  part,  aga.ns  con. 
r^ns^rnlalMngflW^  - 

due  principally  to  the  impiessioii  mauo    i  fi,„  h^ip    Tt  is  difficult  to 

mattL,  to^hich  is  -Med  perhaps,  the^s^^^^^^^^^ 

determine  with  accuracy  what  part  the  bile  P^^^^  .^^^^^  ?  observed    In  the  case 

from  the  fact  that  the  normal  action  of  the  in  -t-  ^  ^^^^^^^^^ 

of  intestinal  fistula  so  often  referred  to,  when  f""^;;™"*;^  tours;  but  suh- 

the  canal,  there  was  at  first  an  -^--'^^l^^'''^^^^^^^  between 

sequently  it  became  necessary  to  use  —a    As  ther  wa  ^^^^ 

the  lower  and  the  upper  end  of  the  intestine,  tuis  j;^     j^jents  upon  the  inferior 

movements  can  take  place  without  the  action  of  '"^'^'"'.^^^^^^  are  somewhat 

animals  concerning  the  influence  of  the  We  xipon  be  P  -^^^  ^^^^^^^^  3,^,. 

contradictory.    When  the  abdomen  is  °P^^«f      ^       Z  gall-bladder ;  and  the  same 

times  be  excited  by  pressing  bile  into  the     -^^^^  ^  °  ^  to  the  peritoned  surface  in  an 

result  is  occasionally  observed  when  the  ^^P^^^^^^j"^^^ 

animal  recently  killed.    But  the  ^Pf^'^^^^^^^^^^^  the  alvine  dejec- 


tions  as 


'"r':°glt;f«altic  ^ovenrentswMcl,  occnrsoon  af^rde^^^^^^ 

,„  ,ari„„f™,s.    It  has  been  shown  tb.t  ^  .Ir     TU.  latter  fact 

■a  t  cll'Sb.  SlSgTS;  :l'::-.^:»o.en.e.ts       be  seen  tbroagb 
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the  thin  abdominal  walls,  even  while  the  cavity  is  unopened.  Accoi-ding  to  Schiff  the 
only  cause  of  these  exaggerated  movements  is  diminution  or  arrest  of  the  circulation. 
This  physiologist,  by  compressing  the  abdominal  aorta  in  a  living  animal,  was  able  to  ex- 
cite peristaltic  movements  in  the  intestine  as  vigorous  as  those  which  take  place  after 
death ;  and,  on  ceasing  the  compression,  the  movements  were  arrested. 

The  nerves  distributed  to  the  small  intestine  are  derived  from  the  sympathetic,  and 
from  branches  of  the  pneumogastric,  which  latter  come  from  the  nerve  of  the  right  side 
and  are  distributed  to  the  whole  of  the  tract,  from  the  pylorus  to  the  ileo-csecal  valve. 
The  intestine  receives  no  filaments  from  the  left  pneumogastric.  The  experiments  of 
Brachet,  by  which  he  attempted  to  prove  that  the  movements  of  the  intestines  were 
nnder  the  control  of  the  pneumogastric  and  nerves  emanating  from  the  spinal  cord,  have 
not  been  verified  by  other  observers.  Recent  experiments  render  it  probable  that  an 
influence,  derived  from  the  cerebro-sprnal  system,  is  essential  to  the  functions  of  the 
sympathetic  ganglia,  which  may  account  for  some  of  the  results  obtained  by  Brachet 
after  dividing  the  spinal  cord.  The  experiments  of  Miiller,  however,  render  it  certain 
that  the  peristaltic  movements  are  to  some  extent  under  the  influence  of  the  sympathetic 
system.  In  these  experiments,  movements  of  the  intestine  were  produced  by  galvaniza- 
tion of  filaments  of  the  sympathetic  distributed  to  its  muscular  coat,  after  the  ordinary 
post-mortem  movements  had  ceased.  The  same  results  followed  the  application  of  caustic 
potash  to  the  s^mOunar  ganglia,  the  movements  reappearing  when  the  potash  was  applied, 
"  with  extraordinary  vivacity  "  in  the  rabbit,  after  the  abdomen  bad  been  opened  and  the 
movements  had  entirely  ceased.  These  experiments  have  been  confirmed  by  Longet, 
who  found,  however,  that  the  movements  did  not  take  place  unless  alimentary  matters 
were  contained  in  the  intestine. 

It  must  be  acknowledged  that  very  little  is  known  concerning  the  reflex  actions  which 
take  place  through  the  sympathetic  system  ;  but  there  is  certainly  good  ground  for  sup- 
posmg  that  certain  reflex  functions  are  performed  by  this  system  of  nerves,  one  of  the 
most  unportant  of  which  is  the  production  of  peristaltic  movements  in  obedience  to  the 
impression  made  by  alimentary  substances  upon  the  mucous  membrane.  This  impression 
IS  probably  conveyed  to  the  semilunar  ganglia  and  reflected  back  through  the  motor  nerves 
to  the  muscular  coat  of  the  intestine. 

Physiological  Anatomy  of  the  Large  Intestine. 
The  large  intestine,  so  called  because  its  diameter  is  greater  than  that  of  the  rest  of 
the  mtestinal  tract  receives  for  the  most  part  only  the  indigestible  residue  of  the  food, 
mingled  with  certain  of  the  secretions  which  are  discharged  into  the  small  intestine.  In 
the  human  subject,  the  processes  of  digestion  which  take  place  in  this  part  of  the  ali- 

Wd  vUT  ''t  "^^"F"'*'^*/  P^"^'-^^^^         '^^'^«>-  Pl^y^iological  conditions, 

S  ^  • '  membrane.    Matters  are,  however 

t  kes  2  '  V     T'.'  Ir  ^  -'-^-^  --^ount  of  secretion 

takes  place  from  its  folhcular  glands. 

The  entire  length  of  the  large  intestine  is  from  four  to  six  feet.  Its  diameter  is  great- 
}^f  \TfZTTT^^  ""^'^  ^*  ^^^'^  moderately  distended,  from  two  and  a 

S  ami   of  th".  .\   .  °^«-^-tions  of  Brinton,  the  average 

t  lirds  p"^'  ^T'''^  ^«  two-thirds  to  two  and  two- 

ve  r  slilJ  %  f'-^™  the  ca3cum,  the  canal  diminishes  in  caliber,  gradually  and 

TorLn  of  S     T't^  '  'TT^  ^'^'^t'^"-  This  is  the  narrowest 

a  ktd  of  LiV'^'t-      r^'t      •  gradually  increases  in  diameter,  forming 

a  tad  of  pouch,  which  abruptly  diminishes  in  size  near  the  external  opening,  to  form  the 

to  tl''o^^f^^W  fof  ^""'r  ^  ^^^"^"^  ^-'g^^t  iUac  fossa 

left  ihac  fossa,  thus  encirclmg  the  convoluted  mass  formed  by  the  small  in- 
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testine  in  the  fonn  of  a  horseshoe.  From  the  cfocnm  to  the  ectum,  the  cana  is 
testine,  in  t ne  lo  m  ^^^^^    ^^j,^^^        ascenJing  colon, 

kaown  as  the  colon.     I  he  hi.t  division  ^^^^^^  ^^^^^^^  ^.^^^^^^  ^^^^^  ^^ 

to  the  under  surface  of  tlio  liver ; 
the  canal  hero  turns  at  nearly 
a  right  angle,  passes  across  the 
upper  part  of  the  ahdomen,  and 
is  called  the  transverse  colon ; 
it  then  passes  downward  at 
nearly  a  right  angle,  forming 
the    descending  colon.  The 
last  division  of  the  colon,  called 
the  sigmoid  flexure,  is  situated 
in  the  left  iliac  fossa  and  is  in 
the  form  of  the  italic  letter  S. 
This  terminates  in  the  rectum, 
which  is  not  straight,  as  its 
name  would  imply,  but  presents 
at  least  three  distinct  curva- 
tures, as  follows :  it  passes  first 
in  an  oblique  direction  from  the 
left  sacro-iliac  symphysis  to  the 
median  line  opposite  the  third 
piece  of  the  sacrum;  it  then 
passes  downward,  in  the  me- 
dian line,  following  the  con- 
cavity of  the  sacrum  and  coc- 
cyx;  and  the  lower  portion, 
which  is  about  an  inch  in  length, 
turns  backward  to  terminate  in 
the  anns. 

The  form  of  the  large  intes- 
tine is  peculiar.    The  cfficum, 

...  -—7--—^^^       :s,T:t:f  cir — 

^'  ^■t^^^^^'^^'^^i^^t^^  -ith  the  colon  above  and  com- 
hi^'d^^i^^hp^^'^iC!^^  niunicating  by  a  tnmsverse  sht 

&um?13,upperUremity_ofthe  B^^^^  ij^un^.     At  its  loWCr 

of  the  ileum;  15.  15, -^^se^toy  10  c«c«^^^^                    20,  de-  Cylindrical 

formis;  18,  ascendmo  colon,  u,                     m  rectum;  23,  portion,  IS  a  suiaii,  ^j" 

sZndim  colon ;  21,  sigmoid  Jiexnre  of  the  colon ,  i>                                   .^^^^^^  .^^ 

urinary  tladder.  uuuo,          ^            ailed  the  ver- 

length,  opening  below  and  a  l'^«7-*,°^^J,fJ^^^^^^^^^^^  ^osseLeroT  a  muscular  and 
miform  appendix.  This  is  covered  with  ^^^/^^^.^  J^es  provided  with  a  short 
a  mucous  coat.  It  is  «o>^«tim^^./t"  fT.  Thr  coats  of  the  appendix  are  very  thick, 
fold  of  mesentery  for  a  part  of  its  length,    ine  membrane  is  pro- 

The  mnscnlar  coat  consists  f  1°^^^*^^"^^ ^..^^^^  This 
vided  with  tubules  and  closed  f  f      ; r  generally  contains  a 

:^:tS^:f  :L  -J^r  vermi.rm  appendix  are  unknown. 

opening  by  which  it  receives  the  conten  °f  *  ^  ^^'^^  ;  ^i^^.ted  at  the  inner  and 
ringed  in  the  form  of  a  valve,  known  a  -  ^^-J-^  \,  I,,  termination,  presents  n 
posterior  portion  of  the  ca3cum.     The  smau  lu 
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shallow  concavity,  which  is  provided  with  a  horizontal,  button-hole  slit  opening  into 
the  ca3cum.  The  surface  of  the  valve  which  looks  toward  the  small  intestine  is  cov- 
ered with  a  mucous  membrane  provided  with  villi  and  in  all  respects  resembling'  the 
general  mucous  lining  of  the  small  intestine.  Viewed 
from  the  caecuin,  a  convexity  is  observed  corresponding 
to  tlie  concavity  upon  the  other  side.  The  csecal  surface 
of  the  valve  is  covered  with  a  mucous  membrane  identi- 
cal with  the  general  mucous  lining  of  the  large  intestine. 
It  is  evident,  from  an  examination  of  these  parts,  that 
pressure  from  the  ileum  would  open  the  slit  and  allow 
the  easy  passage  of  the  semifluid  contents  of  the  intes- 
tine;  but  pressure  from  the  cracal  side  approximates 
the  lips  of  the  valve,  and  the  greater  the  pressure  the 

more  firmly  is  the  opening  closed.    The  valve  itself  is 

composed  of  folds  formed  of  the  white  fibrous  tissue  of 

the  intestine  (the  cellular  tunic  of  some  anatomists),  and 

circular  muscular  fibres  from  both  the  small  and  the 

large  intestine,  the  whole  being  covered  with  mucous 

membrane.  The  lips  of  the  valve  unite  at  either  extrem- 
ity of  the  slit  and  are  prolonged  on  the  inner  surface  of 

the  CEBCum,  forming  two  raised  bands  or  bridles;  and 

these  become  gradually  effaced  and  are  thus  continuous 

with  the  general  lining  of  the  canal.  The  posterior  bridle 

is  a  little  longer  and  more  prominent  than  the  anterior. 

These  assist  somewhat  in  enabling  the  valve  to  resist 

pressure  from  the  cajcal  side.    The  longitudinal  layer  of 

muscular  fibres  and  the  peritoneum  pass  directly  over  the 

attached  edge  of  the  valve  and  are  not  involved  in  its  folds.  .n  e  sn-eno-tn  to  tne 

rndTe  smaU  iSi^r"^"  '  ^'"'^^  communication  between  the  large 


Fio.  SO.— Opening  of  the  nmnll  intes- 
tine into  the  cwcum.    (Lo  Bon.) 

1,  small  intestine;  2,  ileo-cffcal  valre; 
3.  ciucura;  4.  ojieninf;  of  the  appen- 
dix vei-miformis;  5,  mucous  fold  at 
tlie  opening-  of  the  appondb; ;  (i,  larg-e 
intestine ;  T,  T,  folds  of  the  mucous 
membrane. 


These  give  strength  to  the 


Peritoneal  Ooat.-m,o  most  of  the  other  abdominal  viscera,  the  large  intestine  is 

ktirnSlv   V"  '''r  r^'"  "  by  this  membrane  only  fnteHo  "and 

laterally.  It  ,s  usually  bound  down  closely  to  the  subjacent  parts,  and  its  posterioi  sur- 
face IS  wtthout  a  serous  investment;  although  sometimes  it  is  cample  1  covered  and 
there  may  be  even  a  short  mesoctecum.    The  ascending  colon  is  like^^  covered  V'tt 

:;'em:ri:tu:d  ^«        subjacent  parts    The  Sme"  r! 

■  an^ement  IS  found  m  the  descendmg  colon.    The  transverse  colon  is  almost  comnletelv 

?n  .  ce  midX  T''^''''  -'^  -       looseV  h  Id 

y       Jateially.    The  lowest  portion  of  the  rectum  has  no  peritoneal  coverin- 
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menoe  in  the  ca,cum  at  iho  vermiform  appendix.    Passing  along  the  ascencling  colon 
Te  of  L  hands  is  situated  anteriorly,  and  the  others,  latero-postenorly    In  the  trans- 
::sf  eolon,  the  anterior  hand  hecomes  ^.r..^^  ^^1^^^:^^^ 
r:i;SMrm=r  h^lsC::  t';:iative  po^^on  w^ch  tl.y_had  in 
the  ^'g™'^^'!         °  ^       longitudmal  fihres  pass  to  the  rectum,  the  anterior  and 

formed  '"^^  i'^''; ,  j.  ^"'^  '  J"  „itudinal  musc'ilar  fibres  commencing  at  the  rectum  are 

which  are  generally  pale,  Sappey  proposes  to  ^^^^'g^'^.^^^"^,^"* f^^^^^^^^  the  coccyx 

of  the  posterior  fihres  .-e^^^^^^^^^^  r2:Sh~  aTtltd^tr^e  toneurosis  .h^ 
and  the  promontory.    In  1  ont,  ^1^^?!,     v  thev  are  inserted  into  the  deep  pelvic  fascia, 
covers  the  vesicular  semmales,  and  .^^^       c  a  rmade  out.  Tllose  situated  at 

The  termination  of  the  imddle  layer  °f  t^tt^lerrrensf  ce  ulo-fibrous  band,  which,  by  its 
the  sides  of  the  rectum  are  inserted  mto    ^7^^^^^^^^^^^  ,f  the  levator  ani."  The 

opposite  surface,  gives  insertion  to  a  .f^J*  ^""^^^^^^^^^^  they  pass  along 

others  are  many  of  thein  ^^-'^^^^^l^l^^^^^^  by  httle  tendons, 

the  floor  of  the  pelvis.  Some  of  the  fib  es  f  ^^^^  f^^^^^  the  deep  portions  of  the 
which  P- .^^^X^^-^^^^^  the  atta'chments  of  these 

^;-;;t fp^LS  2:  .eUe  ^ ,         ,  ,om  one-thira 
Over  the  ceecum  and  the  colon,  the  antenoi  hand  of  ~  ^^^^  ^.^^^ 

to  one-half  an  inch  in  width.  The  l-^^-^-^^f^'^.'^^^'J,,  Lds  are  much  shorter 
and  the  postero-internal  hand  -  ^7  J "'^  wdlsSveSe  intestine  a  pecuhar  sac- 
than  the  canal  itself,  and  then-  attachment  to  ^I'^^'l^  ,  „f  the  musenlar  fibres, 

cnlated  appearance.    That  this  -  P^f^^^^^^J^;,  by  removing  them  entirely, 

niay  be  demonstrated  by  ^         length.    Between  the  hands  there 

when  the  canal  may  he  extended  to  double  ^^J^^^VSnsverse  muscular  fibres  exist 
are  no  longitudinal  muscular  fibres ,  J'J'^  j   ^^^^  ,^cum  and  the  colon,  the  cir- 

throughout  the  whole  length  of  the  laige  i^^^^^me  demonstrated  with 

cular  fibres  are  so  pale  and  the  layers  are  so  «™  t^^*  A.out  an  inch 

great  difficulty.    In  the  rectum  they  ,  pretty  well-marked  muscular  ring, 

Sove  the  anus,  the  circular  fibres  are  collected  into    pr  3 
which  has  been  called  the  internal  sphincter. 

...-The  ^-eous  limug  .^e  lai^-^^ 
points  of  difference  from  that  which  is  fo^^  ^^^^^^^^  tl"  snhiacent  parts.   In  no  part  of  this 
Lcker  and  firmer,  and  ^^'^^^^^^  .ilvula3  couniventes  of  the  smal 

me..brane  are  there  any  fo  ds,  lihe  hose  v^  me  ^aiosities.  , 

intestine;  and.the  surface  is  perfectly  smooth  and  t  ^^^^^^  to  the  anus,  aro 

Throughout:^e  entire  mucous  ^^^.^J^^^  J  ^a.    These  structures  resemble 

innumerable  orifices  which  lead  to  f""Pj°  ^^^^^    they  are  a  little  longer,  owing 

all  respects  the  follicles  of  the  small  J  Je  rather  more  numerous. 

to  the  greater  thickness  of  the  membrane,  "J^J  ^^^^^^^^^^     irregularly  throughout  the 

Among  these  small  follicular  openmgs  are  found,  scatter 
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membrane,  larger  openings  wliicli  lead  to  utricular  glands,  resembling  the  closed  follicles 
in  general  structure,  except  that  they  have  an  orifice  opening  into  the  cavity  of  the  in- 
•  testine,  which  is  sometimes  so  largo  as  to  be  visible  to  the  naked  eye.  Tiio  number  of 
these  glands  is  very  variable,  and  they  are  irregularly  disseminated  throughout  the  intes- 
tine, in  company  with  the  closed  follicles,  except  in  the  rectum,  where  they  are  absent. 
In  the  csBcum  and  colon,  numerous  isolated,  closed  follicles  are  generally  found  which 
are  identical  in  structure  with  the  solitary  glands  of  the  small  intestine.  These 'are  ex- 
ceedingly variable,  both  in  number  and  size. 

The  mucous  membrane  of  the  rectum,  in  the  upper  three-fourths  of  its  extent,  does 
not  differ  materially  from  that  of  the  colon.  In  the  lower  fourth,  the  fibrous  tissue  by 
which  the  lining  membrane  is  united  to  the  subjacent  muscular  coat  is  loose,  and  the 
membrane,  when  the  canal  is  empty,  is  thrown  into  a  great  number  of  irregular  folds. 
At  the  site  of  the  internal  sphincter,  five  or  six  little  semilunar  valves  have  been  observed' 
with  their  concavities  directed  toward  the  colon.  These  form  an  irregular,  festooned 
line,  which  surrounds  the  canal ;  their  folds,  however,  are  small  and  have  no  tendency 
to  obstruct  the  passage  of  frocal  matters.  The  simple  follicles  are  particularly  abundant 
m  the  rectum,  and  the  membrane  is  constantly  covered  with  a  thin  coating  of  mucus 
Another  peculiarity  to  be  noted  in  the  mucous  membrane  of  the  lower  portion  of  the 
rectum,  is  its  great  vascularity,  the  veins,  especially,  being  very  numerous. 

Finally,  the  rectum  terminates  in  the  anus,  a  button-hole  orifice,  situated  a  little  in 
front  of  the  coccyx,  which  is  kept  closed  and  somewhat  retracted,  except  during  the  pas- 
sage of  the  faces,  by  the  powerful  external  sphincter.  This  muscle  is  composed  entirely 
of  red,  or  striated  fibres,  which  are  arranged  in  the  form  of  an  ellipse,  its  long  diameter 
being  antero-posterior. 

It  is  now  almost  universally  admitted  that  the  digestion  of  all  classes  of  alimentary  sub- 
stances IS  completed  either  in  the  stomach  or  in  the  small  intestine,  and  that  the  mucous 
membrane  of  the  large  intestine  does  not  secrete  a  fluid  endowed  with  any  weU-marked 

■  digestive  properties.  The  simple  follicles,  the  closed  follicles,  and  the  utricular  glands 
produce  a  glairy  mucus,  which,  as  far  as  we  know,  serves  merely  to  lubricate  the  canal' 
This  lias  never  been  obtained  in  sufficient  quantity  to  admit  of  any  accurate  investigation 

I  mto  its  properties.  ° 
In  studying  the  changes  which  the  alimentary  mass  undera-op«  Uc 

:  the  small  intestine,_  we  have  seen  that,  in  this  porLn  oJ  the  clfa   ^ gre'at:^^^^^^^^^^ 

i  the  nutritive  material  is  not  only  liquefied  but  is  abc^nrhprl     q„    !•      ^^'^^^^^^  P*^^*  °^ 

ccular  fibre,  oil-globules,  and  otLrVattt^lu  a  state  f  pa^^^^ 
detected  in  the  faeces  by  the  microscope;  but  Renerallv  thkt  1^  f' 

.  an  excessive  quantity  of  these  substaL^s  or  irie'tnL  "  °^ 

:  digestive  apparatus. 'when  iatestill  d^cTt  n   a'S^lC  ^^'^ 

:tr:rrs:^;^^r-=t;n^^ 

:  diminishes,  from  the  absorpti^;  of  Ttf  l.Z      \  1  ''''  '''''  ^''^'"'^^^ 

and  bvthP  t;m.  ti,ofT  portions,  and  the  color  becomes  darker- 

greatest  t  r  of  ti  l                  1  ''''  ''''^ the  c.cum,  th^ 

Utco^::,U^^   ~  -  '^l^--t-T  principles 

ciples,  unless  thev  w!  !  /i      •  '^^''''^'^  '^^^l  saccharine  prin- 

te  tin;   and  tit    1            ,  ?  ^"'^"*'t^'         <^i«Wear  from  the  in- 

blo  d  o'f  the  .ort?^.;  A  "  ''T''  ^'^  --^--d  in  the 
the  ilp„  J  ^  ^°       ^^T-        ^         f^tty  "'^"^■•^       "ot  found  in  the  lower  nart  of 

Wn                                   ''''''''  theform  of  an  emulsion.    NeSr  fibrin 

e,     recognized  by  its  microscopical  characters,  becomes  gradually  disintegrated 
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and  is  lost— except  a  few  isolated  fragments  deeply  colored  witL  bile— some  time  before 
the  indigestible  residue  passes  into  the  large  intestine. 

In  the  human  subject,  those  portions  of  the  food  which  resist  the  successive  and  com- 
bined action  of  the  different  digestive  secretions  are  derived  chiefly  from  the  vegetable 
Idn^dom  Uard,  vegetable  seeds,  the  cortex  of  the  cereals,  spiral  vessels,  and,  in  fine, 
all  parts  which  are  composed  largely  of  cellulose,  pass  through  the  intestinal  canal  with- 
out much  change.  These  substances  form,  in  the  Iteces,  the  greatest  part  of  what  can  be 
recognized  as  the  residue  of  matters  taken  as  food.  It  is  well  known  that  an  exclusively 
animal  diet,  particularly  if  the  nutritious  principles  be  taken  in  a  concentrated  and  read- 
ily-assimilable form,  leaves  very  little  undigested  matter  to  pass  into  the  large  intestine, 
and  gives  to  the  fmces  a  character  quite  different  from  that  which  is  observed  in  herbiv- 
orous animals  or  in  man  when  subjected  to  an  exclusively  vegetable  diet.  The  charac- 
ters of  the  residue  of  the  digestion  of  albuminoid  substances  are  not  very  distinct.  As  a 
rule,  none  of  the  albuminoids  are  to  bo  recognized  in  the  healthy  fasces  by  the  ordinary 

Many  insoluble  inorganic  substances  are  taken  witli  tlie  food  and  appear  unchanged 
in  the  fseces.  The  feeces  of  dogs  fed  exclusively  on  bones,  which  were  formerly  admmis- 
tered  internally  as  a  remedy  for  epilepsy,  under  the  name  of  allum  Ormcum,  are  composed 
almost  entirely  of  calcareous  matter.  With  regard  to  the  ordinary  inorganic  constituents 
of  the  ffeces,  however,  it  is  difficult  to  say  how  much  is  derived  from  the  mgesta  and 
how  much  from  the  different  intestinal  secretions. 


Contents  of  the  Large  Intestine, 

When  the  contents  of  the  small  intestine  have  passed  tlio  ileo-cffical  valve,  they  be- 
come changed  in  their  general  character,  partly  from  admixture  with  the  secretions  o. 
Sportion  of  the  canal,  and  are  then  known  as  the  f^ces.  The  most  palpable  of  these 
changes  relate  to  consistence,  color,  and  odor.  ,    ^  -i  5= 

pLal  matter  has  a  much  firmer  consistence  than  the  contents  of  the  ileum,  which  is 

due  to  a  constant  absorption  of  the  liquid  portions.    As  a  nile  the  consistence  is  great  in 

nropor  ion  to  the  length  of  time  that  the  f^ces  remain  in  the  large  intestine  ;  and  this  i. 

vTbl  °n  difterent  persons  and  in  the  same  person,  in  health,  depending  somewhat  upon 
valuable  m  mtteie    p  ^         ^.^^  ^^^^  ^^^^^^^  ^^^^      1^^^  ^„gl,.^ 

whicf  2  observed  t  th  turn,  to  the  dark  yellowish-brown,  characteristic  of  the  f.ces. 
iSirS  b  le-p"gment  cannot  usually  be  recognized  by  the  ordinary  tests  it  is  this 
Althougn  tiie  one  pi^  intestine  their  peculiar  color,  which  is  lost  when 

which  gives  to  the  contents  °f  ,  ,^p,,i^en  of  healthy  human  f^ces, 

''l^l'^\T.^t^t^^^^  tL  alcohohc  solution  precipitated  with 

wbich  had  been  ^''^J''    distiUed  water,  we  failed  to  detect  the  slightest 

ether,  and  the  precipitate  dissolved  in  distilled  wate  ^^^^ 

trace  of  the  Whary  salts  by  Pettenkofer's  test.  y^;^^^^^^  ^^^er  of  the 

the  addition  of  nitric  acid  also  failed  to  *7  ^^JJ^'aiy  c^^^^  -itb  the  diet. 

Mle.    The  color  of  the  f.ces,  ^^-^l'^^}^^^^^^^^  different  from  that  of  the 

The  odor  of  the  fasces,  wbich  is  characteristic  ^^'^  ^  ^  decompo- 

contents  of  the  ileum,  is  somewhat  variable  and  is  due     P^^^  ^^^^^^P";^  ^^^^      J  to 

being  10-8  ounces,  and  the  smallest,  2-4  ounces.  denendine  chiefly  upon  the 

The  reaction  of  the  faeces  is  undoubtedly  very  ^'^"^^^^^^'/X^;;!;^^  AVohsarg, 
character  of  the  food.    Marcet  found  the  human  ^^^^^^^^^^^^         ,l,,U„e  or 

on  the  other  hand,  found  the  reaction  generally  acid,  but  ve.y  Ireque  y, 

neutral. 
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The  first  accurate  analyses  of  the  Iroces  were  made  by  Berzelius ;  but  the  groat  ad- 
vances which  have  been  nuule  in  physiological  chemistry  since  that  time  have  enabled 
later  observers  to  arrive  at  results  miach  more  definite  and  satisfactory.  Marcet  has  lately 
discovered  a  crystallizable  substance  peculiar  to  the  human  fmces ;  and  we  have  recently 
shown  that  probably  the  most  important  excromentitious  principle  discharged  by  the 
rectum  is  derived  from  the  bUe  and  is  a  peculiar  modification  of  cholesterine.  Most  of 
our  statements  concerning  tlie  composition  of  the  feeces  in  health  will  be  derived  from 
the  researches  of  Wehsarg  and  of  Marcet  and  from  our  own  observations. 

The  proportions  of  water  and  solid  matter  in  the  fteces  is  variable.  Berzelms  found, 
in  the  healthy  human  fiBces,  Y3-3  parts  of  water  and  26-7  parts  of  solid  residue.  The 
averao-e  of  seventeen  observations  by  Wehsarg  was  precisely  the  same.  In  the  observa- 
tions of  Wehsarg,  the  mean  quantity  of  solid  matter  discharged  in  the  fsBces  in  the  twenty- 
four  hours  was  463  grains,  tlie  extremes  being  882-8  grains  and  251-6  grains.  The  pro- 
portion of  undigested  matters  in  the  solid  residue  was  very  smaU,  averaging  but  little 
more  than  ten  per  cent.,  the  mean  quantity  in  the  twenty-four  hours  in  ten  observations 
being  but  52-5  grains.  This  was  found,  however,  to  be  exceedingly  variable  ;  the  largest 
quantity  being  126-5  grains,  and  the  smallest,  12-5  grains. 

Microscopical  examination  of  the  fEBces  reveals  the  various  vegetable  and  animal  struct- 
ures which  we  have  referred  to  as  escaping  the  action  of  the  digestive  fluids.  Wehsarg 
also  found  a  "finely  divided  fsecal  matter"  of  indefinite  structure,  but  containing  partly 
disintegrated  intestinal  epithelium.  Crystals  of  cholesterine  were  never  observed.  AVhen- 
ever  the  matter  is  neutral  or  alkaline,  crystals  of  the  ammonio-magnesian  phosphate  are 
found.  Mucus  is  also  found  in  variable  quantity  in  the  faeces,  with  desquamated  epithe- 
lium, and  a  few  leucocytes. 

The  quantity  of  inorganic  salts  in  the  fteces  is  not  great.  In  addition  to  the  ammonio- 
magnesian  phosphate,  phosphate  of  magnesia,  phosphate  of  lime,  and  a  small  quantity  of 
iron  have  been  found.  The  chlorides  are  either  absent  or  are  present  only  in  small 
quantity. 

Marcet  has  pretty  generally  found  in  the  human  faeces  a  substance  possessing  the 
characters  of  margario  acid,  and  volatile  fatty  acids ;  the  latter  free,  however,  from 
butyric  acid.  Cystine  is  mentioned  as  an  occasional  constituent  of  the  faeces.  He  also 
found  a  coloring  matter,  which  is  probably  a  modification  of  biliverdine. 

In  1854,  Marcet  described  a  new  substance  in  the  human  fteces,  which  he  called  excre- 
tine,  and  an  acid  called  excretoleic  acid,  which  he  supposed  to  be  a  compound  of  excre- 
tine.  These  substances  and  the  one  which  we  described  in  1862,  under  the  name  of  ster- 
corine,  are,  as  far  as  we  know,  the  only  principles  that  have  been  recognized  as  charac- 
teristic of  the  normal  faaces  ;  and  the  stercorine  we  have  found  to  be  one  of  the  most  dis- 
tinct and  important  of  the  excrementitious  principles  in  the  body.  The  relations  of 
excretine  to  the  process  of  disassimilation  of  the  tissues  have  not  been  so  clearly  indicated. 

Excretine  and  Excretoleic  Acid. — Excretine  was  obtained  by  Marcet  from  the  healthy 
human  faeces  in  the  following  way :  The  faeces  were  first  treated  with  boiling  alcohol 
until  nothing  more  could  be  extracted.  This  alcoholic  solution  was  acid  and  deposited 
a  sediment  on  cooling.  Milk  of  lime  was  then  added  to  the  solution,  producing  a  yel- 
lowish-brown precipitate  and  leaving  the  fluid  of  a  clear  straw-color.  The  precipitate 
was  then  collected  on  a  filter,  dried,  afterward  agitated  with  ether  and  filtered,  forming 
a  clear,  yellow  solution.  In  from  one  to  three  days,  beautiful,  long,  silky  crystals  of  ex- 
cretine were  formed,  generally  collected  into  tufts  adhering  to  the  sides  of  the  vessel. 
Examined  by  the  microscope,  these  were  found  to  consist  of  acicular,  four-sided  prisms 
of  variable  size.  This  substance  is  insoluble  in  water,  slightly  soluble  in  cold  alcohol,  but 
is  very  soluble  in  ether  and  in  hot  alcohol.  Its  alcoholic  solutions  are  faintly  though  dis- 
tinctly alkaline.  Its  fusing-point  is  from  203°  to  205°  Eahr.  It  may  be  boiled  with 
potash  for  liours  without  undergoing  saponification.    Apparently,  the  quantity  of  excre- 
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tino  contained  in  the  faeces  is  not  very  great,  as  only  12-6  grains  were  obtained  by  Marcet 

from  nine  evacuations.  ,  ,    ^.       r-  i- 

We  have  very  little  definite  information  concerning  the  production  of  excretine 
Marcet  examined  on  one  occasion,  the  contents  of  the  small  intestine  of  a  man  that  had 
^ei  of  disease  of  the  heart,  ^vithout  iinding  any  excretine.    It  is  probable  that  tins 
princuL  is  formed  in  the  large  intestme,  although  farther  observations  are  wantmg  on 

X'"ubstnnce  called  excretoleic  acid  is  very  indefinite  in  its  composition  and  proper- 
ties It  described  as  an  olive-colored  fatty  acid,  insoluble  in  water  non-sapomfiable, 
and  ve:7  soluble  in  ether  and  in  hot  alcohol.    It  fuses  at  from  77°  to  79°  Fahr. 

StercoTine  -This  principle,  which  we  discovered  in  the  fteces  in  1862,  ^vas  described 
1  ^  wT.  1833  as  existing  in  excessively  minute  quantity  in  the  serum  of  the  blood, 
'l  rs  clnec  by  h  ^se^^^^^^^^^^  As  we  found  it  to  be  the  most  abundant  and  character- 
rstlonsttelt  o/relrcoraceous  matter,  we  proposed  to  call  it  Bteyeonne  ;  part.cu- 
iarW  a.  our  researches  led  us  to  the  opinion  that  it  really  does  not  ex.st  m  the  se:  urn,  but 
is  formed  from  cholesterine  by  the  processes  employed  for  its  extraction. 

S  eixorine  may  be  extracted  in  the  following  way  :  The  fceces  are  first  ^vajatecl  to 

evaporated,  and  the  residue  is  e-t^aeted  with  boiling  alcohoh^^ 

evaporated,  and  the  residue  is  treated  wi  h  a  -'^^^  °^  "f/^^^  ^^P;*^^^^  saponifiable  fats 
hours  at  a  temperature  a  little  below  the       '^S-P^L"     ^  ,pon  a  filter,  and 

are  dissolved.    The  mixture  is  then  largely  d'l^tf        watei    hio       p  ^^^^^  _^ 

is  washed  until  the  fluid  which  passes  ^1-°"^  solution  is  then 

consistence  of  Canada  balsam  used  in  --^^^J^^^J  Pi^f^^irnumber  at  first,  but  soon 
it  begins  to  show  the  characteristic  crystals.    These  aie  ^^^^  ^^^^^ 

the  Entire  mass  assumes  a  ^^^^'^''^^^ '^.^^^^^ 

and  a  half  ounces  of  normal  human  faeces  (Ae  entue  ^-^^J  This  was  all 

10-417  grains  of  stercorine,  t^^f  f        f^fj^'.^^^^^  of  a  healthy  male 

.  the  stercorine  to  be  extracted  from  the  r^g^j^^^  J  ^  ^i^ty  pounds.  In  the  ab- 
twenty-six  years  of  age  and  --^^7.^!'°;;^,?  ^^tw^  substance  excreted  may  be  as- 
sence  of  other  investigations,  the  daily  quantity 

aumed  to  be  not  far  from  ten  grams.  ,,,p„,i,iance  to  cholesterine.    It  is  neutral, 

In  many  regards,  stercorine  bears  a  It  is  soluble  in  ether  and  in 

iuodorous,andinsolubleinwatei-  andm  asohitu^^^  ^^^^^     p,odiiced  when  it  is 

hot  alcohol,  hut  is  almost  insoluble  in  alco^«  "  distinguished  from  cholesterine, 
treated  with  strong  sulphuric  acid.  I  ^ay  be  ea  y  ^^,  f^^.,t,,e,  96-8°  Fahr.,  while 
however,  by  the  form  of  its  crystals.    It  tuses 

cholesterine  fuses  at  293°  Fahr.  frequently  mixed  with 

Stercorine  crystallizes  in  the  ^^'^'^  fJ^^mZ^oi  the  same  substance  in  a  non- 
clear,  rounded  globules,  .'hich  are  P'-^^^^f^S^^i'^^^  the  borders  near  their  ex- 
crystalline  form.  When  the  crystals  of  con  u  e^^^  {,ocneutij  ar- 
tremitiesare  split  longitudinally  for  f '^'^  f^^^^^^  as  seen  under  a^-^cl. 
i-anged  in  bundles,  as  in  Fig.  81,  in  ^'^^^ ^^'JJ^^^^  3een  under  a  ^inch  objective 
ohiective.  In  Fig.  82,  the  crystal  ai l}'^''^^'^^^^^  crystaUizes  in  the  form  of 
These  crystals  cannot  be  confounded  with  excretine. 
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regular,  four-sided  prisms,  or  with  the  thin  rhomboidal  or  rectangular  tablets  of 
cholesterine.    They  are  identical  with  the  crystals  of  serolme  figured  by  Kobm  and 

^"^TIiOTe  can  be  no  doubt  with  regard  to  the  origin  of  the  stercorine  which  exists  in  the 
fajces  We  have  found  that,  whenever  the  bile  is  not  discharged  into  the  duodenum,  as 
is  probably  the  case,  for  a  time,  in  icterus  accompanied  with  clay-colored  evacuations, 
stercorine  is  not  to  be  discovered  in  the  dejections.  In  one  case  of  this  kind,  m  which 
the  faeces  were  subjected  to  examination,  the  matters  extracted  with  hot  alcohol  were 
entirely  dissolved  by  boiling  for  fifteen  minutes  with  a  solution  of  potash,  showing  the 


Fig.  si.— Stercorine  from  tlie  human  fcecea. 


Fig  82  —Stercorine  from  the  same  specimen  after  it 
had  been  melted,  placed  upon  a  glass  slide,  cov- 
ered with  thin  glass,  and  alloioed  to  eri/sialhse. 

The  crystallization  was  very  slow,  occupying  some  weeks. 


absence  of  cholesterine  and  stercorine.  In  another  examination  of  the  fffices  from  tins 
patient,  made  nineteen  days  after,  when  the  icterus  had  almost  entirely  disappeared  and 
the  evacuations  had  become  normal,  stercorine  was  discovered.  These  facts  show  that 
the  cholesterine  of  the  bile,  in  its  passage  through  the  intestine,  is  changed  into  ster- 
corine. Both  of  these  principles  are  crystalline,  non-saponifiable,  are  extracted  by  the 
same  chemical  manipulations,  and  behave  in  the  same  way  when  treated  with  sulphuric 
acid.  The  stercorine  must  be  regarded  as  a  slight  modiBcation  of  cholesterine,  which  ^ 
is  the  excrementitious  principle  of  the  bile.' 

We  have  found  that  the  change  of  cholesterine  into  stercorine  is  directly  connected 
with  the  process  of  intestinal  digestion.  If  an  animal  be  kept  for  some  days  without 
food,  cholesterine  will  be  found  in  the  fffices,  although,  for  a  few  days,  stercorine  is  also 
present.  It  is  a  fact  generally  recognized  by  those  who  have  analyzed  the  fseces,  that 
cholesterine  does  not  exist  in  the  normal  evacuations ;  but,  whenever  digestion  is  arrested, 
the  bile  being  constantly  discharged  into  the  duodenum,  cholesterine  is  found  in  large  quan- 
tity. For  example,  in  hibernating  animals,  cholesterine  is  always  present  in  the  ftsces. 
The  same  is  true  of  the  contents  of  the  intestines  durifig  foetal  life ;  the  meconium  always 

■  Our  researchos  into  the  functions  of  cholesterine  have  left  no  doubt  that  this  is  an  excrementltiouB  principle 
hardly  second  in  importance  to  urea.  We  have  found  that  cholesterine  is  always  more  abundant  in  the  blood  com- 
ing from  the  brain  than  in  the  blood  of  the  general  arterial  system  or  in  the  venous  blood  from  other  parts ; 
that  its  quantity  is  hardly  appreciable  in  venous  blood  from  the  paralyzed  side  in  hemiplegia;  and  that  it  is  sep- 
arated from  the  blood  by  the  liver.  We  have  also  shown  that,  in  cases  of  serious  structural  disease  of  the  liver 
accompanied  by  symptoms  pointing  to  blood-poisoning,  cholesterine  accumulates  in  the  blood,  constituting  a  cm- 
dition  which  wo  have  called  cholesterffimia.  This  subject  will  bo  fully  discussed  under  the  head  of  excretion.  For 
a  full  account  of  our  observations  upon  the  functions  of  cholesterine,  see  The  American  Journal  of  the  Medical 
Sciences,  October,  18G2. 
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containing  a  largo  quantity  of  cliolestcrine,  which  disappeurB  from  the  evacuations  when 
the  digestive  function  becomes  established. 

Ilovements  of  the  Large  Intestine. 
Movements  of  the  general  character  which  we  have  noted  in  the  smaU  intestine  occur 
in  the  large  intestine,  although  the  peculiarities  in  the  arrangement  of  the  muscular  fibres 
and  the  more  solid  consistence  of  the  contents  render  these  movements  in  the  large  m- 
testine  somewhat  distinctive.  In  all  instances  where  the  movements  have  been  observed 
in  the  human  subject  or  in  the  lower  animals,  they  have  been  found  to  be  less  vigorous  and 
rapid  than  the  contractions  of  the  small  intestine.  Indeed,  when  the  abdominal  organs 
are  exposed,  eitlier  in  a  living  animal  or  immediately  after  death,  movements  of  the  large 
intestine  are  generally  not  observed,  except  on  the  application  of  mechanical  or  galvanic 
irritation  •  and  they  are  then  more  circumscribed  and  are  much  less  marked  than  in  any 
other  part  of  the  alimentary  canal.  In  the  rabbit,  in  which  the  colon  is  very  large,  the 
few  spontaneous  movements  which  are  sometimes  seen  on  opening  the  abdomen  immedi- 
ately after  death  are  feeble  and  irregular,  particularly  in  the  cmcum.  That  the  fojces  re- 
main for  a  considerable  time  in  some  of  the  sacculated  pouches  of  the  colon,  is  evident 
from  the  appearance  which  they  sometimes  present  of  having  been  moulded  to  the  shape 
of  the  canal.    This  appearance  is  frequently  observed  in  the  dejections,  which  are  then 

said  to  be  "  figured."  „  , 

la  the  caecum,  the  pressure  of  matters  received  from  the  ileum  forces  the  mass  onward 
into  the  ascending  colon,  and  the  contractions  of  its  muscular  fibres  are  nndoubtedly 
slight  and  inefficient.    Once  in  the  colon,  it  is  easy  to  see  how  the  contractions  of  the 
muscular  structure  (the  longitudinal  bands  shortening  the  canal,  and  the  ^^-^l^;;^^ 
contracting  below  and  relaxing  above)  are  capable  of  passing  the  fsecal  mass  slowly 
onward    Although  the  transverse  fibres  are  thin  and  seemingly  of  1  ttle  power,  their  con- 
^i^Son  is  undoubtedly  sufficient  to  empty  the  sacculi,  when  ass  sted  by  tj^e  movements 
the  lon-^itudinal  fibres,  especially  as  the  canal  is  never  completely  fiUed  and  the  fffices  aie 
tquently  in  the  form  of  small,  moulded  lumps.    By  these  slow  ^^f^f^^^^^^ 
the  contents  of  the  large  intestine  are  passed  toward       ^^^^^'^  ^^^^'^'^  ^^^tl 
where  they  are  arrested  until  the  period  arrives  for  their  final  discharge     ihc  time 
rccupied  S  the  passage  of  the  f^cel  through  the  ascending,  transverse  and  descendmg 
:STs  undoubtedly  variable  in  different  persons,  as  we  find  g-at  varia  ion3  ,  the 
vals  between  the  act.  of  defecation.    During  their  passage  along  '^'^l^^^tltCol 
of  the  canal  assume  more  and  more  of  the  normal  fffical  consistence  and  odor  and  become 
qlio-htlv  coated  with  the  mucous  secretion  of  the  parts. 

Itlrbeen  conclusively  shown  that  the  accumulation  of  faaces  gen«i-'i"y  tf^^ 

plac    n"he  Smotd  fl'exure  of  the'colon ;  for,  under  normal  -ndi^o-  tbe  i^^^^^^^^^ 
empty  and  contracted.    This  part  of  the  colon  is  much  -^^^J^P^'^^JfJ^^^  tZl^L 
tionVand  is  better  calculated  as  a  receptacle  for  feces  .^J^^^^os^Smeia^^^^ 
tervalB,  the  fecal  matter  is  passed  into  the  rectum  and  is  then  almost  immeaiate  y 

charged  from  the  body. 

Defmcation. 

In  health,  expulsion  of  fecal  matters  takes  place  ^^^^bl^^^^^^^^^^ 
the  twenty-f^ur  hours.    This  rule,  however,  is  by  no  ™;  J  ^.^'^^^ ^i^L  iit«  of 
may  habitually  occur  twice  in  the  day  or  every  ^^'^^^^^     *  J^^/^^^  of 
perfect  health.    It  is  w  ell  known  that  habit  has  a  grea  '".^  ^^^f  ^^^^^^^^^^^^  pa- 
Sefecation;  and  sometimes,  in  cases  of  i-^g'^l^^f  j^^'^^ 

tients  to  mdce  an  effort  to  void  the  feces  at  a  certain  ^'^^^  ^^^^  takes 

frequently  followed  by  the  best  results.    At  the  '^^^^^'^'^'^^tZ^  and, 
place,  a  peculiar  sensation  is  experienced  calhng  for  an  ™atj«^^^^  \  ^^^^^ 
if  this  be  disregarded,  the  desire  may  pass  away,  alter  a  little  time, 
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impossible.  Under  these  circumstances,  it  is  probable  that  the  fasces  are  passed  out  of 
the  rectum  by  antiperistaltic  action. 

The  condition  which  immediately  precedes  the  desire  for  defrecation  is  probably  tlie 
descent  of  the  contents  of  the  sigmoid  flexure  of  the  colon  into  the  rectum.  It  was  for- 
merly thouglit  that  the  tteces  constantly  accumulated  in  the  dilated  portion  of  the  rec- 
tum, where  they  remained  until  an  evacuation  took  place  ;  but  the  arguments  of  O'Beirnc 
against  such  a  view  are  conclusive.  He  has  demonstrated,  by  numerous  explorations  in 
the  human  subject,  that,  under  ordinary  conditions,  the  rectum  is  contracted  and  con- 
tains neither  froces  nor  gas.  It  is,  indeed,  a  fact  faniihar  to  every  surgeon,  that  the  rec- 
tum usually  contains  nothing  which  can  be  reached  by  the  finger  in  physical  examina- 
tions, and  that  paralysis  or  section  of  the  muscles  which  close  the  anus  by  no  means  in- 
volves, necessarily,  a  constant  passage  of  fsecal  matter.  O'Beirne  not  only  found  the  rectum 
empty  and  presenting  a  certain  amount  of  resistance  to  the  passage  of  injected  fluids,  but, 
on  passing  a  stomach-tube  into  the  bowel,  after  penetrating  from  six  to  eight  inches  it 
passed  into  a  space  in  which  its  extremity  could  be  moved  with  great  freedom,  and  there 
was  instantly  a  rush  of  flatus,  of  fluid  fajces,  or  of  both,  through  the  tube.  In  some  in- 
stances in  which  nothing  escaped  through  the  tnbe,  the  instrument  conveyed  to  the  hand 
an  impression  of  having  entered  a  solid  mass ;  and  on  being  withdrawn  it  contained  solid 
ffeces  in  its  upper  portion.  According  to  this  observer,  the  sensation  which  leads  to  an 
effort  to  discharge  the  fseces  is  due  to  the  accumulation  of  matters  in  the  sigmoid 
flexure,  which  finally  present  at  the  contracted  portion  of  the  rectnm  just  at  its  com- 
mencement. This  constriction,  situated  at  the  most  supei'ior  portion  of  the  rectum,  is 
sometimes  spoken  of  as  the  sphincter  of  O'Beirne. 

The  above  is  undoubtedly  the  mechanism  of  the  descent  of  ftecal  matter  into  the 
rectum  in  defeecation,  as  the  act  is  usually  performed ;  but,  xmder  certain  circumstances, 
ffflces  must  accumulate  in  the  dilated  portion  of  the  rectum.  Ordinarily,  the  discharge 
of  faeces  only  takes  place  after  the  efforts  have  been  continued  for  a  certain  time  ;  and 
when  the  evacuation  is  "  figured,"  the  whole  length  discharged  frequently  exceeds  so 
much  the  length  of  the  rectum,  that  it  is  evident  that  a  portion  of  it  must  have  come 
from  the  colon.  O'Beirne  states,  indeed,  that  he  has  frequently  examined  the  rectum  at 
the  moment  when  a  moderate  inclination  to  go  to  stool  is  felt,  and  found  it  empty  and  con- 
tracted. But,  in  cases  in  which  the  faeces  are  very  fluid,  or  when  the  call  for  an  evacua- 
tion has  not  been  regarded  and  has  become  imperative,  the  immediate  discharge  of  mat- 
ters when  the  sphincter  is  relaxed  shows  that  the  rectnm  has  been  more  or  less  distended. 
In  many  persons  of  constipated  habit,  and  particularly  in  old  subjects,  the  rectum  may 
become  the  seat  of  large  accumulations  of  hardened  and  impacted  fasces ;  but  this  is  a 
pathological  condition. 

The  sensation  which  ordinarily  precedes  and  gives  rise  to  the  evacuation  of  ffBcal  mat- 
ter is  pecuhar  and  very  variable  in  intensity.  "When  this  sensation  is  well  marked  but  not 
excessive,  it  is  probably  due  to  the  presence  of  fsecal  matter  in  the  rectum,  not  in  suffi- 
cient quantity,  however,  to  press  forcibly  upon  the  sphincter.  Pressure  upon  the  rectum 
from  any  cause,  or  irritation  of  its  mucous  membrane,  is  apt  to  give  rise  to  this  peculiar 
sensation  to  a  very  marked  degree.  In  some  diseases,  the  exaggeration  of  this  sensation, 
then  called  tenesmus,  is  very  distressing. 

In  the  process  of  defsecation,  the  first  act  is  the  passage,  by  peristaltic  contractions, 
of  the  contents  of  the  sigmoid  flexure  of  the  colon  through  the  slightly-constricted  open- 
ing of  the  rectum  into  its  dilated  portion  below.  The  ffflcal  matter,  however,  is  not  al- 
lowed to  remain  in  this  situation,  but  it  passes  into  the  lower  portion  of  the  rectum,  in 
obedience  to  the  contractions  of  its  muscular  coat,  assisted  by  the  action  of  the  abdomi- 
nal muscles  and  tlic  diaphragm.  The  circular  fibres  of  the  rectum  undergo  the  ordinary 
peristaltic  contraction ;  and  the  action  of  the  longitudinal  fibres  is  to  render  the  rectum 
shorter  and  more  nearly  straight.  The  internal  and  the  external  sphincter  present  a  cer- 
tain amount  of  resistance  to  the  discharge  of  the  fceces,  more  particularly  the  external 
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splnncter,  which  is  a  striated  muscle  of  considerable  power.  There  is  always,  however, 
voluntary  relaxation  of  this  muscle,  or  rather  a  cessation  of  >  s  semi-vo  untary  con- 
rJction  which  immediately  precedes  the  expulsive  act.  The  d>latat,on  of  the  anus  ,s 
al  0  Surated  by  the  action  of  the  levator  ani.  which  arises  from  the  postenor  surface 
oFtl  etody  and  ramus  of  the  pubis,  the  inner  surface  of  the  spme  of  the  .schmm  and  a 
Hue  of  fa  cia  between  these  two  points,  passes  downward,  and  is  mserted  Tn to  the  me- 
d  an  rapie  of  the  perineum  and  the  sides  of  the  rectum,  the  fibres  un>tmg  w.th  those  of 
tie  sph  ncter  While  this  muscle  forms  a  support  for  the  pelvic  organs  durmg  the  act 
of  sttningTu  steadies  the  end  of  the  rectum,  and,  by  its  contractions,  favors  the  relaxa- 

nttZtf  tt  :nrti:~al  mus^s  is  very  simple.  They  merely 

conmr  ss  rabdominal'organs,  and  consequently  those  contained  :n  the  pelv.s  and  as- 
sist fn  the  expulsion  of  the  contents  of  the  rectum.    The  dmphragm  is  the  mos  mipor- 

Lnt  of  the  voluntary  muscles  concerned  in  this  process;  and,  during  the  ac  of  strammg, 
Te  ifn's  airmoderately  filled  and  respiration  is  interrupted.  The  vigor  of  these  eiforts 
dte^lfg  eatTy  npon  the  consistence  of  the  f.cal  mass,  very  violent  conti-act.ons  bemg 
taCtlv  reqfu^      for  the  expulsion  of  hardened  fasces  after  long  constipation.  Al- 

Zgl     lorror  less  straining'generally  takes  P;-M^VTS\ltcr^:  - 

dt;^^.  z!'^  zir^^^  :i:^;^SactL 

duiSg  an        acTof  defecation,  when  the  f.ces  may  be  passed  by  contractions  of  the 

traction  of  the  levator  ani  and  the  sphmcter,  ^^y^^^^^^^^^^/X^aX   A  after  the 

standing  all  efi-orts  to  oppose  it.    Aftei  '^^^J':^^^^"'^^^^]^  A.^^re        the  rectum  has 
until  the  matters  have  ceased  to  pass  out  of  the  3°^™^;;^,^^,  loosely  held  to 
bee.  emptied.    The  mu„ 
the  subjacent  tissue,  is  shghtly  pioiapscu  uui  g 

the  act  has  been  completed.  ;„flnpr,np  of  the  nervous  system  on  the  move- 

Very  little  need  be  said  concermng  the  "  5^,,,  ^Heh  form  the  mus- 

ments  concerned  in  defecation.    The  non-sti-^^^^^^^  —  fibres  w^^_^  ^ 

cular  coat  of  the  rectum  '^'"^  ^.P^^f  7^^^°;;;''^!  the  lalt  sacral  pair  of  the  spinal 
the  external  sphincter  are  distributed  «  ."^/J^f  ,e   ^„der  the  control  of  the 

nerves.  These  nerves  bring  the  sphmcte  ^^  I'll^^^^^  ^l.^.h  the  anus  is  kept 
will  and  impart  likewise  the  property  of  tonic  conti  action,  y 

constantly  closed. 

aases  found  in  the  Alimentary  Canal 

I.  the  human  subject,  a  0^-^^^ 
in  the  small  and  large  intestine.    The  mo      ^  "^j^^"^^^^^^^      ,f  Magendie  and  Chev- 
be  supposed  to  exist  in  the  .^^^^^^^tg Th^  ^^^^^^^      Iveral  criminals  immediately 
reul,  who  had  the  opportunity  ot  examimng  lu 

after  execution.  ,ipfinitR  function.    They  generally  exist 

The  gases  in  the  stomach  appear  to  ^'l^^-'^^^f^^^f^.e  oxygen  and  nitrogen  are  de- 
in  very  small  quantity,  and  they  are  sometimes  ^Jf  ^"  ;  ^'^^j,/,^,,  alimentary  bolus  dur- 
rived  from  the  httle  bubbles  of  air  which  are  '"'^"^^"^f  l^;;';  ,,olved  from  the  food 
ing  mastication  and  insalivation._  '^^J^ZSl^fZ  Ihey  ar^  produced  in  any 
during  digestion ;  at  least,  there  is  no  satisfactoi  y  evmci 


CONTAINED  IN  THE  STOMACH,  SMALL  INTESTINE,  ETC.  399 


other  way  Ma-cndio  and  Chevroul  collected  and  analyzed  a  small  quantity  of  gas  from 
the  stomach  of  an  executed  criminal  a  short  time  after  death  and  ascertamed  that  it  had 
the  following  composition : 

Oases  contained  in  the  Stomach. 

  11-00 

O^ysen-....     1^.00 

Carbonic  acid  

,    ,    6'oo 

Pure  hydrogen   ^^^^ 

Nitrogen   

100-00 

Mao-endie  and  Chevreul  found  three  different  gases  in  the  small  intestine.  Their  ex- 
aminations were  made  upon  three  criminals  soon  after  execution.  The  first  was  twenty- 
four  years  of  age,  and,  two  hours  hefore  execution,  had  eaten  bread  and  Gruy^re  cheese 
and  had  drunk  red  wine  and  water.  The  second,  who  was  executed  at  the  same  time,  was 
twenty-three  years  of  age,  and  the  conditions  as  regards  digestion  were  the  same.  The 
third  was  twenty-eight  years  of  age,  and,  four  hours  hefore  death,  he  ate  bread,  beef,  and 
lentils  and  drank  red  wme  and  water.    The  following  was  the  result  of  the  analyses  : 


Gases  contained  in  the  Small  Intestine. 

First  CriminaL  Second  Criminal.  Tiiird  Criminal. 

Carbonic  acid   24-39  40-00   25-00 

Pure  hydrogen   55-53   51-1.')   8-40 

Nitrosen   20  08   8-85   66-60 


100-00 


100-00 


100-00 


No  oxygen  was  found  in  either  of  the  examinations,  and  the  quantities  of  the  other 
gases  were  so  variable  as  to  lead  to  the  supposition  that  their  proportion  is  not  at  all  defi- 
nite. We  have  already  alluded  to  the  mechanical  function  of  these  gases  in  intestinal 
digestion. 

In  the  large  intestine,  the  constitution  of  the  gases  presented  the  same  variability  as 
ia  the  small  intestine.  Carburetted  hydrogen  was  found  in  all  of  the  analyses.  In  the 
large  intestine  of  the  first  criminal  and  in  the  rectum  of  the  third,  were  found  traces  of 
sulphuretted  hydrogen.  The  following  is  the  result  of  the  analyses  in  the  cases  just 
cited.  In  the  third,  the  gaseous  contents  of  the  csecum  and  the  rectum  were  analyzed 
separately  : 

Gases  contained  in  the  Large  Intestine. 


Carbonic  acid  

Carburetted  hydrogen  and  traces  of  sul- 
phuretted hydrogen   

Pure  hydrogen  and  carburetted  hydro 

gen  

Pure  hydrogen  

Carburetted  hydrogen  

Nitrogen  


First  Criminal. 

Second  Criminal, 

Third  Criminal. 

Third  Criminal. 

43-50 

10-00 

Csecum. 
12-60 

Kectum. 
42-86 

5-47 

^  11-00 

11-18 

7-50 

12-50 

51-03 

18-40 

67-50 

45-96 

100-00 

100-00 

100-00 

100-00 

Origin  of  the  Litestinal  Gases.— With  our  present  information  on  this  subject,  the 
most  reasonable  view  to  take  of  the  origin  of  the  gases  normally  found  in  the  intestines 
is  that  they  are  given  off  from  the  articles  of  food  in  their  various  stages  of  digestion  and 
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decomposition.  That  tliis  is  the  principal  source  of  tlio  intestinal  gases,  there  can  be  no 
doubt;  audit  is  well  known  that  certain  articles  of  food,  particularly  vegetables,  gen- 
erate much  more  gas  than  others.  The  principal  gases  found  in  the  intestinal  canal  may. 
all  be  obtained  from  the  food.  Some  of  them,  as  hydrogen  and  carburetted  hydrogen, 
do  not  exist  in  the  blood  ;  and  it  is  difficidt  to  conceive  how  they  can  be  generated  in  the 
intestine  except  by  decomposition  of  some  of  the  articles  of  food.  Hydrogen  and  its 
compounds  are  always  found  in  quantity  in  the  small  and  the  largo  intestine. 

It  is  said  that  gas  is  sometimes  found  in  the  intestines  of  the  fojtus,  and  that  it  may 
be  generated  in  a  loop  of  intestine  in  a  living  animal,  after  a  portion  of  tlie  canal  has  been 
drawn  out,  isolated  by  ligatures,  freed  from  its  liquid  and  gaseous  contents,  and  returned 
to  the  abdomeu.  In  some  diseased  conditions,  also,  it  is  very  common  for  the  abdomen 
to  become  rapidly  tympanitic,  the  gas  being  generated  so  quickly  that  its  presence  is  not 
easily  explained  by  supposing  it  to  be  evolved  by  decomposition  of  the  ingesta.  It  has, 
indeed,  been  supposed  that  the  intestinal  mucous  membrane  is  capable  of  secreting  gases 
as  well  as  Uquids;  but  there  do  not  appear  to  be  any  positive  facts  in  support  of  this 
view.  No  doubt  some  of  the  gases  which  may  be  formed  in  the  intestine  are  capable 
of  absorption.  It  is  impossible  to  say,  however,  that  even  the  gases  normally  held  in 
solution  in  the  blood,  namely,  oxygen,  nitrogen,  and  carbonic  acid,  are  exhaled  from  the 
blood  into  the  intestiual  cavity.  Oxygen  is  never  given  off  in  this  way,  for  this  gas  has 
been  found  only  in  the  stomach  and  is  there  derived  from  air  which  has  been  swallowed. 
With  regard  to  the  origin  of  tlie  other  gases  found  in  the  intestine  under  the  pecnhar 
circumstances  just  mentioned,  in  which  they  are  apparently  generated  with  much  rapidity , 
there  are  not  sufficient  data  to  enable  us  to  form  an  intelligent  opmion. 


CHAPTER  X. 

ABSORPTION-LYMPII  AND  CnYLK 


General  considerations  of  absorption-Absorption  by  ^^^^-^-^'^^^'^"--^^^^^''^-^^^ 

tionsof  absorption-Imbibition  and  endosmosis-Imbibihon  by  anmml  ^'^^"''^-^  f 

-Corpuscnlar  elements  of  tbe  Iyn>ph-Leucocytes-Development 

ulins-Origin  and  function  of  the  lymph-General  properties  of  the      '      ^^^f/l'^^^^.;;^^^^^^  U^^ph  and 

tive  analyses  of  the  lymph  and  tbe  chyle-Microscopical  characters  of  the  ch)  le-MoN  ement  J 


chyle. 


DioBSXio.  has  two  great  objects:  one  is  to  liquefy  the  '^'f 
nles  ■  and  the  other,  to  commence  the  series  of  transformations  by  which  these  pnnc.ples 
t  ^enSered  c:pabl'e  of  nourishing  the  organism.    The  f ^  ^^^^^^^^ 
taken  into  the  blood  as  fast  as  the  requisite  changes  in  t^ieir  <^<^°^f 
and  once  received  into  the  circulation,  they  become  part  of  the  great  nutr.t  ve  A;"''.  ^^^P 
the  constant  regeneration  of  the  tissues  ^^^^2^^^^^^^ 
,    .1     ,1    T  -w  ;..,TAirp«    Tbe  onlv  eroup  of  principles  which  possiDiy  aoci.  not 

by  the  blood  necessarily  mvoU es.    ine  omy  b^uui      j       i  „  f, .  x.i.p- „„  foo^ 

obey  this  general  law  is  the  fats.    Although  a  small  P^'"  '^'l^^  ^     j^^  mrt 
passes  directly  into  the  blood-vessels  of  the  intestinal  canal,  by  ^Jf^'^'l^^l^^^^ 
L  way  into  the  circulation  by  means  of  special  ^^^-^^^^V-^.^'Yi^ti^^t^tto^^t^^ 
veins.   In  whatever  way  fat  enters  the  blood,  it  is  never  dissolved,  but  is  reduced 


condition  of  a  fine  emulsion. 
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Tbo  process  by  wliich  digested  materials  are  taken  into  the  blood  is  called  absorption. 
It  is  now  recognized  that  two  sets  of  vessels  are  concerned  in  the  performance  of  this 
function;  namdy,  the  blood-vessels  and  the  lacteals.  Those  parts  of  the  food  which 
have  boon  rendered  fluid  and  are  capable  of  forming  a  homogeneous  mixture  with  the 
blood-plasma  are  absorbed  chiefly  by  the  blood-vessels,  although  a  small  portion  finds  its 
way  into  the  lacteals.  The  emulsified  fats  are  taken  up  in  greatest  part  by  the  lacteals, 
although  a  small  quantity  is  taken  directly  into  the  blood.  In  treating  of  this  subject,  it 
will  be  convenient  to  consider  separately  the  action  of  these  two  kinds  of  vessels. 


Absorption  by  Blood -Vessels. 

That  soluble  substances  can  pass  through  the  delicate  walls  of  the  capillaries  and 
small  veins  and  that  absorption  actually  takes  place  in  great  part  by  blood-vessels,  are 
facts  which  hardly  demand  discussion  at  the  present  day.  Soluble  principles  which 
have  disappeared  from  the  ahmentary  canal  have  been  repeatedly  found  in  the  blood 
coming  from  this  part,  even  when  the  lymphatics  have  been  divided  and  communication 
existed  only  through  the  blood-vessels.  The  old  theoretical  view  which  was  entertained 
before  the  lymphatics  and  lacteals  were  discovered  was  that  absorption  took  place  by 
blood-vessels;  but,  after  special  absorbent  vessels  had  been  described,  it  was  generally 
supposed  that  they  furnished  the  only  avenue  for  the  entrance  of  new  matters  into  the 
economy,  although  the  doctrine  of  vascular  absorption  was  retained  by  a  few.  It  was 
only  after  the  conclusive  experiments  of  Magendie,  in  1809,  that  positive  proof  was  given 
of  the  absorbing  power  of  the  blood-vessels.  These  experiments  settled  the  question  of 
vascular  absorption,  although  they  led  some  to  take  too  exclusive  a  view  of  the  impor- 
tance of  the  venous  radicles  in  this  function  and  to  deny  that  absorption  took  place  to  any 
considerable  extent  through  the  lymphatic  and  the  lacteal  system.  At  the  present  day, 
there  is  no  difference  of  opinion  among  physiologists  concerning  the  direct  absorption  of 
nutritive  matters  by  the  blood-vessels  of  the  alimentary  canal.  It  has  been  repeatedly 
shown,  indeed,  that,  during  absorption,  the  blood  of  the  portal  vein  is  rich  in  albumi- 
noids, sugar,  and  in  other  principles  resulting  from  digestion. 

In  the  mouth  and  oesophagus,  the  sojourn  of  alimentary  principles  is  so  bi-ief  and 
the  changes  which  they  undergo  so  slight,  that  no  absorption  of  any  moment  can  take 
place.  It  is  evident,  however,  that  the  mucous  membrane  of  the  mouth  is  capable  of 
absoi-bing  certain  soluble  matters,  from  the  eftects  which  are  constantly  observed  when 
the  smoke  or  the  juice  of  tobacco  is  retained  in  the  mouth,  even  for  a  short  time.  In 
the  stomach,  however,  the  absorption  of  certain  materials  takes  place  with  great  activity. 
A  large  proportion  of  the  ingested  liquids  and  of  those  principles  of  food  which  are  dis- 
solved by  the  gastric  juice  and  converted  into  albuminose  is  taken  up  directly  by  the 
blood-vessels  of  the  stomach.  It  may,  indeed,  be  assumed,  as  a  general  law,  that  di- 
gested matters  are  in  great  part  absorbed  as  soon  as  their  transformations  in  the  alimen- 
tary canal  have  been  completed. 

In  the  passage  of  the  food  down  the  intestinal  canal,  as  we  have  already  seen,  there 
is  a  constant  loss  of  material.  As  the  digestion  of  the  albuminoids  is  completed,  these 
principles  are  absorbed,  and  their  passage  into  the  mass  of  blood  is  indicated  chiefly  by 
an  increase  in  its  proportion  of  albuminoid  constituents.  Many  of  the  other  products  of 
digestion,  such  as  glucose  and  fatty  emulsion,  have  also  been  demonstrated  in  quantity 
in  the  blood  of  the  portal  vein  during  absorption.  The  fats,  though  taken  up  in  greatest 
part  by  the  lacteals,  are  always  found  in  greater  or  less  quantity  in  the  portal  blood.  It 
has  frequently  been  observed  that,  after  a  full  meal  consisting  largely  of  fat,  the  blood 
from  the  portal  vein,  as  it  cools  and  coagulates,  leaves  a  white  scum  of  fat  upon  the  sur- 
face. On  one  occasion,  we  observed,  in  the  portal  blood  of  an  animal  killed  in  full  diges- 
tion, a  layer  of  fat  on  cooling  so  thick  that  a  quantity  of  blood,  M'hich  was  spilled  upon 
a  table  and  the  floor,  was  white,  like  milk.    "Wo  have  since  frequently  attempted  to 
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demonstrate  this  excessively  chylous  condition  of  the  blood  during  the  absorption  of  fats, 
but  have  found  that  it  is  not  generally  so  well  marked. 

The  greatest  part  of  the  food  is  absorbed  by  the  intestinal  mucous  membrane,  and, 
with  the  alimentary  substances  proper,  a  large  quantity  of  secreted  fluid  is  reabsorbed. 
This  fact  is  particularly  striking  as  regards  the  bile.  The  biliary  salts  disappear  as  the 
alimentary  mass  passes  down  the  intestine  and  are  undoubtedly  absorbed,  although  they 
are  so  changed  that  they  cannot  be  detected  in  the  blood  by  the  ordinary  tests.  In  this 
portion  of  the  alimentary  canal,  it  will  bo  remembered  that  an  immense  absorbmg  sur- 
face is  provided,  by  the  arrangement  of  the  mucous  membrane  in  folds,  forming  the  val- 
vulaa  conniventes,  and  by  the  presence  of  the  innumerable  villi  which  are  found  through- 
out the  small  intestine.  A  certain  portion  of  the  gaseous  contents  of  the  intestmes  is  also 
absorbed,  although  it  is  not  easily  ascertained  what  particular  gases  are  thus  taken  up. 

Absorption  by  Lacteal  and  Lymphatic  Vessels. 
The  history  of  the  discovery  of  what  is  ordinarily  termed  the  absorbent  system  ot 
vessels,  from  the  vague  allusions  of  Hippocrates,  Galen,  Aristotle,  and  others,  to  the  de- 
scription of  the  thoracic  duct  in  the  middle  of  the  sixteenth  century,  by  Eustachms,  and 
finally  to  the  discovery  of  the  lacteals  by  Asellius,  in  1622,  is  more  interesting  m  an  ana- 
tomical than  in  a  physiological  point  of  view.  Our  knowledge  of  the  anatomy  of  the 
absorbent  system  dates  from  the  discovery  of  the  thoracic  duct ;  but,  from  the  discovery 
of  the  lacteals  by  Asellius,  dates  the  history  of  these  vessels  as  the  carriers  of  nutritive 
matters  from  the  intestinal  canal  to  the  general  system.  .   .  ■,  .a,  .  .1  i„...„u 

In  1649,  Pecquet  discovered  the  receptaculum  chyli  and  demonstrated  that  the  acteals 
did  not  pass  to  the  liver,  but  emptied  the  chyle  into  the  commencement  of  tl.e  thoracic 
duct,  by  which  it  was  finally  conveyed  into  the  yenous  system.  In  1650- 51,  the  ana- 
tomical history  of  the  absorbent  vessels  was  completed  by  the  discovery  Eudbeck 
of  vessels  carrying  a  colorless  fluid,  in  the  liver  and  fina  ly  in  almost  pait  o  the 
body.  Eudbeck  demonstrated  the  anatomical  identity  of  these  vessels  with  the  lacteal  . 
They  were  afterward  carefully  studied  by  Bartholinus,  who  gave  them  the  ^^^^^^^J^; 
phaties.  It  is  unnecessary  to  follow  out  the  various  researches  made  t^^^*™^^";; 
of  the  lymphatics  in  man  and  the  inferior  animals  by  the  Hunters,  Hewson,  Monro, 
Cruikshank,  and  other  of  the  older  anatomists  and  physiologists. 

The  old  idea,  which  dates  from  the  discoveries  of  Aselhus  and  Pecquet,  tl^^^J;  j^^" 
teals  absorb  all  Ihe  products  of  digestion,  was  overthrown  by  the  -penments  o^Magen 

die  and  of  those  who  experimented  after  him  "P- --^^^  JViL  ;^^^^^^ 

that  the  fattv  portions  of  the  food,  reduced  to  a  very  fine  emulsion  by  the  pancreatic 
ut  te  abild  by  this  system  of  vessels,  and  that  these  are  ^^^^^^^^^^^^^ 

^^^^^  r  r  :s  ?f  ^  Ei^;™^ 

the  obs'rTatiLns  of  Bouchardat  and  Sandras  remove  all  doubt  as  to  the  -^^^^^'^^l^'^^^ 
I^oductsonhe  digestion  of  fatty  mattei^^  lacteals;  for  ^^^^ 

only  that  in  dogs  the  proportion  of  fat  in  the  chyle  was  increased  i'«"f  J,^.'*^ '^j^'J. 
creLe  in  the  quantity  of  fat  taken  as  food,  but  that  tl^M-vt.cular  t^^^^^^^  fe^llqual 
tered  to  the  aiimals  could  be  recognized  in  the  dyle    We  hav  "^^^J^.^^^^;;^  f^J"^. 

tity  of  iat  escapes  the  lacteals  and  is  absorbed  direc  ly  by  the  W«od-^Ws         ^t  De 
comes  an  important  question  to  determine  whether  the  lacteals  ^'^^f/  l^^ 
prominent  function,  ie  not  concerned  in  the  absorption  of  drinks,  t  e  "1^™^^^^^^^^^^^^ 
and  saccharine  matters,  etc.    Tliis  question  will  be  taken  up  aftei  a  consideiation 
certain  points  in  the  anatomy  of  the  lymphatic  system. 
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Physiological  Anatomy  of  the  Lacteal  and  Lymphatic  System. — One  of  tho  most  diffi- 
cult problems  in  anatomy  is  to  determine  the  situation  and  mode  of  origin  of  the  lym- 
phatics in  different  parts  of  the  body.  The  tenuity  of  the  walls  of  these  vessels,  even  in 
their  course  and  the  presence  of  innumerable  valves,  render  it  impossible  to  study  them 
by  the  ordinary  methods  of  injection.  Since  it  has  been  ascertained,  however,  that  they 
orin-inate  in  many  parts  by  a  .  rich,  anastomosing  plexus,  their  anatomy  has  been  well 
made  out  in  certain  situations  by  simply  pimcturing  with  a  fine-pointed  canula  the  parts 
in  which  the  plexus  is  supposed  to  exist,  and'  allowing  a  fluid,  generally  mercury,  to 
gently  diffuse  itself  in  the  vessels  of  origin.  Eollowing  the  course  of  the  vessels,  the 
fluid  passes  into  the  larger  trunks  and  thence  to  the  lymphatic  glands.  The  regularity 
of  the  plexus  through  which  the  fluid  is  first  diffused  and  the  passage  of  the  injection 
through  the  larger  vessels  to  the  glands  are  positive  proof  that  the  lymphatics  have  been 
penetrated  and  that  the  appearances  observed  are  not  the  result  of  mere  infiltration. 

By  the  method  of  investigation  above  indicated,  we  may  recognize  the  superficial 
vessels  of  the  skin,  deeper  vessels  situated  just  beneath  the  skin,  and  vessels  in  the  serous 
membranes,  glandular  organs,  lungs,  tendons,  etc.,  in  addition  to  the  larger  trunks,  such 
as  the  thoracic  duct.  The  lacteal  system  presents  essentially  the  same  characters  as  the 
general  lymphatics,  and  the  vessels  are  filled  with  colorless  lymph  during  the  intervals 
of  digestion.  In  many  situations,  the  lymphatics  present  in  their  course  little,  solid 
structures  called  lymphatic  glands. 

The  mode  of  origin  of  the  finest  vessels,  in  the  lymphatic  radicles,  is  exceedingly  ob- 
scure, notwithstanding  the  numerous  investigations  which  have  been  made  within  the 
last  few  years,  particularly  by  German  anatomists.  We  shall  first  describe,  however, 
the  mode  of  origin  of  what  may  be  called  the  true  vessels,  in  those  parts  in  which 
the  results  of  anatomical  study  seem  positive  and  definite,  before  we  discuss  the  va- 
rious theories  which  have  been  proposed  to  account  for  certain  of  the  phenomena  of 
absorption. 

Lymphatics  have  not  been  actually  injected  and  demonstrated  in  all  the  tissues  of  the 
body  ;  but,  in  some  parts  in  which  it  has  been  thus  far  impossible  to  inject  them,  we  are 
not  justified  in  assuming  positively  that  tliey  do  not  exist.  Por  example,  in  the  intestinal 
villi,  according  to  Sappey,  these  vessels  have  never  been  seen,  although  their  existence  is 
almost  certain.  The  most  generally  received  view  with  regard  to  the  ordinary  mode  of 
origin  of  the  lymphatic  vessels  is  that  they  commence  by  a  capillary  plexus,  which  does 
not  communicate  with  either  the  small  arteries,  veins,  or  the  capillary  blood-vessels,  and 
is  generally  situated  external  to  the  blood-vessels.  It  does  not  appear  that  the  vessels 
composing  this  plexus  vary  much  in  size.  They  are  very  elastic,  and,  after  distention 
by  injection,  they  return  to  a  very  small  diameter  when  the  fluid  is  allowed  to  escape. 
It  is  probable,  therefore,  that  the  capacity  of  the  vessels  is  much  exaggerated  by  the 
means  which  are  taken  to  render  them  apparent.  In  the  elaborate  observations  by  Dr. 
Belaieff,  of  St.  Petersburg,  into  the  origin  of  the  lymphatics  of  the  penis,  the  walls  of  the 
vessels  were  rendered  apparent  by  the  action  of  nitrate  of  silver  in  solution  in  pure  water, 
and  it  is  probable  that  they  were  very  little  distended.  The  smallest  of  these  vessels  had 
a  diameter  of  about  of  an  inch.  This  may  be  taken  as  their  average  diameter  in  the 
primitive  plexus.  This  plexus,  when  the  vessels  are  abundant,  as  they  are  in  certain 
parts  of  the  cutaneous  surface,  resembles  an  ordinary  plexus  of  capillary  blood-vessels, 
except  that  the  walls  of  the  vessels  are  thinner  and  their  diameter  is  greater. 

The  smallest  lymphatic  vessels  are  by  far  the  most  numerous.  They  are  arranged  in 
the  form  of  a  fine  plexus,  very  superficially  situated  in  the  skin.  A  second  plexus  exists 
just  beneath  the  skin,  composed  of  vessels  of  much  greater  diameter.  The  skin  is  thus 
enclosed,  as  it  were,  between  two  plexuses  of  capillary  lymphatics.  A  plexus  analogous 
to  the  most  superficial  plexus  of  the  skin  is  found  just  beneath  the  surface  of  the  mucous 
membranes.  These  may,  indeed,  be  classed  with  the  superficial  lymphatics.  The  deep 
lymphatics  are  much  larger  and  less  numerous,  and  their  origin  is  less  easily  made  out. 
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These  accompany  the  deeper  veins  in  their  course.   They  receive  the  lymph  from  the 

superficial  vessels.  .      ,  , 

No  valvular  arrangement  is  found  in  the  smallest  lymphatics;  but  the  vessels  commg 
from  the  primitive  plexuses,  as  well  as  the  large  vessels,  contain  valves  m  immense  num- 
bers. These  valves,  being  so  closely  set  in  the  vessels,  give  to  them,  when  hllcd  will, 
injection,  a  peculiar  and  characteristic- headed  appearance. 


Fig.  SS.—Snperfieial  lym- 
phatics of  the  skill  of  the 
■palmar  surface  of  the 
finger.  (Sappey.) 


Fm.  Si.—Deep  lym.phatics  of  the  shin 

of  the  finger.  (Sappey.) 
1  1  deep  net-work  of  cutaneous  lymphat- 
'  iCB ;  2,  2,  2,  2.  lymphatic  trunks  con- 
nected with  this  net-woik. 


'nil 


Fig.  Sb— Same  finger,  lat- 
eral view,  shoidng  lym- 
phatic trunks  connected 
with  the  guperficial  net- 
work. (Sappey.) 


The  coar.6  of  ll.o  Ijiupliatios  i.  generally  toleratlj  direct.  As  the,  p.ss  toward  the 
^e^tronk  b,  «Mch  The,  co„mo=ic,te  with  the  venou.  sjsleo,,  thej  present  „  peeoh.r 
Srosl  with  the  ad/.ee.t  vessels,  e.lle.  anastomosis      J— 1     at  -s  as 

™sse,  passes  doog  ,1th  other  vessels  Par«  f  ^^^^  '^J     ^  ^  f„. 

hnnches  nass  into  the  nearest  vessels  on  eithei  sKie.    lULhu  an.  „  ti,„  „p<- 

nutnt  anlthey  generally  occur  between  vessels  of  equal  size.     n  her  cour.e,  the  ves- 

to  the  great  l„h.tl.  tm.hs.        ^^l^^^^^;:^,  Sft     eo:ie  h.re.d,an,etor 

r;ii:;rc;^irht-otLd  .Lt  ?e.sei.  ^Meh 
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hardly  perceptible  while  empty,  are  capable  of  being  dilated  to  the  diameter  of  half  a  line 
or  more  returning  to  their  original  size  as  soon  as  the  distending  iiuid  is  removed. 

The  'peculiarities  which  the  lymphatics  present  in  the  different  tissues  and  organs  do 
not  possess  much  physiological  interest,  except  the  arrangement  of  the  vessels  of  origin 
in  the  substance  of  the  brain  and  spinal  cord.  In  the  skin,  the  only  interesting  [)eculiarity 
which  we  have  not  already  noticed  is  that  the  vessels  appear  to  be  very  unequally  dis- 
tributed in  different  parts  of  the  surface.    According  to  Sappey,  they  are  particularly 


Fig.  8G. — Superficial  lympJiaiics  of  ihe  arm.  Fia.  81.— Superficial  lymphatiea  of  the  leg. 

(Sappey.)  (Sappey.) 

abundant  in  the  scalp  pver  the  hiparietal  suture,  the  soles  of  the  feet  and  the  palms  of  the 
hand,  tlie  lingers  at  the  lateral  portion  of  the  last  phalanges,  and  the  scrotum.  In  the 
median  portion  of  the  scrotum,  they  attain  their  highest  degree  of  development.  They 
are  also  found,  though  in  less  number,  originating  from  around  tlie  median  line  on  the 
anterior  and  postei'ior  surface  of  the  trunk,  the  posterior  median  portion  of  the  extremi- 
ties, the  skin  over  the  mammre,  and  around  the  orifices  of  the  mucous  passages.  Sappey 
has  injected  lymphatic  vessels  in  the  anterior  portion  of  the  forearm,  the  thigh,  and  the 
leg,  and  the  middle  portion  of  the  face,  although  they  are  demonstrated  with  difficulty  in 
these  situations.  If  they  exist  at  all  in  other  portions  of  the  cutaneous  surface,  they  are 
not  numerous  and  are  rudimentary. 
20 
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.     In  tbo  mucous  syBtem  the  lymphatics  are  very  abundant.    Here  are  found  as  in  the 
skin,  two  distinct  layers  which  enclose  between  them  the  whole  th.ckness  of  the  mucous 
nembrane.    The  more  superficial  of  these  layers  is  composed  of  a  nch  plexus  of  small 
vessels  and,  beneath  the  mucous  membrane,  is  a  plexus  consisting  of  vessels  of  larger  size 
Ind  ie  s  numerous.    The  superficial  plexus  is  exceedingly  rich  in  the  mixed  structure 
which  forms  the  lips  and  the  glans  penis,  and  around  the  orifices  of  the  mouth  the  nares 
The  va-L,  and  the  anus.    There  are  certain  mucous  membranes  m  which  the  lymphatics 
have  nCe  been  injected.    In  the  serous  membranes,  the  lymphatics  have  been  demon- 
strated in  great  abundance.    Lymphatics  have  been  demonstrated  taking  their  origin  m 
e  voluntary  muscles,  the  diaphragm,  the  heart,  and  the  non-stnated  muscular  coats  of 
21  hollow  vfscera,  altkough  their  investigation  in  tl.ese  situations  -  l^-'l-f  j/^^^^f^ 
Lymphatics  are  found  coming  from  the  Imigs  m  immense  numbers    Tliese  arise  n 
the  w2  of  the  air-cells  and  surround  each  pulmonary  lobule  with  a  close  plexus,  llie 
deep  vessel  follow  the  course  of  the  bronchial  tubes,  passing  through  the  bronchial  glands 
l7Z  t2  of  the  bifurcation  of  the  trachea,  to  empty  into  the  thoracic  duct  and  the 

great  lymphatic  duct  of  the  right  side.  .  .   4^1,    „  th^  Urr, 

'  In  Ihe  glandular  system,  including  the  ductless  glands,  and  m  the  o-nes^  "^^^y^" 
phatic  vessels  are,  as  a  rule,  more  abundant  than  in  any  o*er  parts  of  the  bodj.  They 

-Srl=rSr  n ::Sd:^r ^r^m^strated  a 

sheaths  which  exceed  them  in  diameter  by  from  to  ^  01  an  men.  6 
resembling  the  lymph-corpuscles.    When  Eob  n  hi  st  Jescnoe  ^  ^  ^  ^  ^^^^^ 

mals,  the  lymphatics  in  many  parts  ^^^^'ly/^'^^^^^^  '7^„,tion  of  the  wall  of  the 
which  the  edges  of  their  proper  coat  are  f  ^l^f  ^^^^^^  lymphatic, 
blood-vessel  which  is  thus  enclosed  forms  at  ^^^'''^iT^d  woJd  aUow  of  free  inter- 
This  disposition  of  the  lymphatics  m  the  ^^-^^^  ^^^^^^^^^^  the  lymph, 

change,  by  endosmosis  and  exosmosis,  of  the       f  P"';"^         „f       head  and  face  on 
The  lymphatic  vessels  from  the  superficial  and  deep  P°;™^^  ,  ^        the  right 

the  right'siJe,  and  those  from  the  ^^^^f^^^'^^^':^^^^^^^  L 
half  of  the  chest,  and  the  mammary  g^'^f '  ^^'Y^X/"''],!,  empties  into  the  venous 
the  great  lymphatic  duct  (ductus  1^7^^*--^^  ^!^)'  ^talTuglr.  This  vessel  is 
system  at  the  junction  of  the  right  Bubcla^.an  ^vith  tbe  mteinal  j^gul 

aiout  an  inch  in  length  and  from  '^'^'^-'^^'^^''ZnS^^^  ^bich  effectually 

provided  with  a  pair  of  semilunar  valves  at  its  opening  into  tne  veins, 

prevent  the  ingress  of  blood.  ^     _  portions  of  the 

The  vessels  from  the  inferior  extremities,  ^nd  tho^e  jom  tu^^^  1  ^^^^^ 

trunk,  the  peMc  ™-;7^^^^^^^^^^  oval  bodies,  called  - 

In  their  course,  all  of  the  lymphatics  V^^^^^^°^^  the  axilla,  the  pelvis,  and  in  some 

thelymphaticglandswhich^^^^^^^ 

r r  Jt:iier  V.S.1S  j^;^^       '  g=;:^ 

Z:-^  r^all^t r  C  ::sSr^SSs^erge  .om  .e  .ands  are 

called  vasa  efferentia.  i„„to„la  nass  from  the  intestine  between 

.  The  lymphatics  of  the  small  intestine,  caUed  lacteal  ,  P^«^^'^^  ^  ^  or  five 
the  folds  of  the  mesentery  to  empty,  sometimes  by  one,  and  sometime  y 
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trunks,  iato  tlio  receptacnhiui  cliyli.  In  their  course,  the  lacteals  pass  through  several 
sets  of'lymphatic  glands,  which  arc  here  called  mesenteric  glands. 

The  thoracic  duct,  into  which  the  great  majority  of  the  lymphatic  vessels  empty,  is 


Fia.  B8.— iSfomacA,  intestine,  and  memritert/,  loitli  the  mesenteric  blood-uessels  and  lacteals.   (Copied  and  sligMly 

reduced  from  a  flgui'e  in  the  original  work  of  Aaellius,  published  in  1628.) 
A,  A,  A.  A,  A,  mesenteric  arteries  and  veins ;  B,  B,  B,  B,  B,  B,  B.  B,  B.  B,  kctcals;  C,  0,  O,  C,  mesentery ;  D,  D, 

stomacli ;  E,  pyloric  portion  ol'  the  stomach ;  F,  duodenum ;  G,  G,  G,  jejunum ;  II,  H,  H,  H,  H,  ileum ;  I,  artery 

and  vein  on  the  fundus  of  the  stomach ;  K,  portion  of  the  omentum. 

a  vessel  with  exceedingly  delicate  walls  and  about  the  size  of  a  goose-quill.  It  com- 
mences by  a  dilatation,  more  or  less  marked,  called  the  receptaculum  chyli.  This  is 
situated  upon  the  second  lumbar  vertebra.    The  canal  passes  upward  in  the  median 
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,  1,.  e  i^^rrti,  Tf  then  inclines  to  tlic  left  side,  forms  a 
line  for  the  inferior  half  ot  its  length  ^:''\  '2\nd  omi>t\^  of 
semicircular  curve  something  hke  the  arch  ot  the  -;J;;^;"^^^^'2via,i  with  ihe  internal 

jugular  vein.     It  diminishes  in  size 
irom  the  receptaculum  to  its  middle 
portion  and  becomes  larger  again 
near  its  termination.    It  occasionally 
bifurcates  near  the  middle  of  the 
thorax,  but  the  branches  become  re- 
united a  short  distance  above.  At 
its  opening  into  the  venous  system, 
there  is  generally  a  valvular  fold,  • 
but,  according  to  Sappey,  this  is  not 
constant.    There  is  always,  however, 
a  pair  of  semilunar  valves  in  the 
duct,  from  three-quarters  of  an  inch 
to  an  inch  from  its  termination,  which 
efifectually  prevent  the  entrance  of 
blood  from  the  venous  system. 

It  is  probable  that  the  lymphatic 
and  lacteal  vessels  have  no  direct  con- 
nection with  the  blood-vessels,  except 
by  the  two  openings  by  which  they 
discharge  their  contents  into  the  ven- 
ous system.  The  foregoing  sketch  of 
the  descriptive  anatomy  of  what  has 
been  called  the  absorbent  system  of 
vessels  shows  that  they  may  collect 
fluids,  not  only  from  the  intestinal  ca- 
nal during  digestion,  but  from  nearly 
every  tissue  and  organ  in  the  body, 
and  that  these  fluids  are  received  into 
venous  system.  the  venous  circulation. 

— ^  -  -^^jjris::^— ^^^^ 

rtflf ^^ich  are  hardly  visible  in  the  transparent 
mesentery,  unless  they  be  filled  with  opaque  chyle  ^^^^^ 

From  the  diSiculty  in  studying  the  ^^-P^^"  ^^^^^  the  structure  of  the 

injections  or  by  reagents  which  statu  the  vessels  ^''^^Zn-  I*  -  ^-VPosei^  how- 
stnallest  vessels  have  been  very  few  and  are  not  ^^^^^^^^^^^^^^  this  regard, 

ever,  that  the  vessels  here  consist  ^J^^J^^Z ,:;L^^cs  of  the 
the  capillary  blood-vessels.    Dr.  B'^^'^^f  ,f  f "  „  ^i.^e.    These  cells  are  oval,  polygo- 

tinct  coute  can      di.lmguisked^  Tl,.  'f  ""^"^^^     ,j,e  vessels  .re  toreibl, 

„ith  oblong  epithellcl  cells.  ''''V'J^^^ZSZ  m^^ 

aistended.    The  middle  coal  ,s  coop     3  of  lo.g^^^^^^^^^  tr.ps«rs.lj.  Th. 

SLr-tiXoroX."f  f  iMrcS^ 


Fio  83.—T/wracicduct.  (Mascngni.) 
venous  system. 
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longitudinal  or  obliquo.  The  fibres  of  connective  tissue  are  very  abundant  and  loosely 
unite  the  vessels  to  the  surrounding  parts.  The  internal  and  the  middle  coat  are  closely 
adherent  to  each  other;  but  the  external  coat  may  readily  be  separated  from  the  others. 
Blood-vessels  have  been  found  in  the  walls  of  the  lymphatics,  but,  as  yet,  the  presence 
of  nerves  has  not  been  demonstrated. 

The  walls  of  tlie  lymphatic  vessels  are  very  closely  adherent  to  the  surrounding  tis- 
sues •  so  closely,  indeed,  that  even  a  small  portion  of  a  vessel  is  detached  with  great  dif- 
ficulty, and  the  vessels,  even  those  of  large  size,  cannot  be  followed  out  and  isolated  for 
any  considerable  distance. 

In  all  the  lympliatic  vessels,  beginning  a  short  distance  from  their 
plexufi  of  origin,  are  found  numerous  semilunar  valves,  generally  ar- 
ranged in  pairs,  with  then*  concavities  looking  toward  the  larger  trunks. 
These  folds  are  formed  of  the  inner  two  coats  ;  but  the  fold  formed  of 
the  lining  membrane  is  by  far  the  wider,  so  that  the  free  edges  of  the 
valves  are  considerably  thinner  than  that  portion  which  is  attached  di- 
rectly to  the  vessel.  In  some  of  the  vessels,  at  the  point  where  one  lym- 
phatic communicates  with  another,  there  is  a  valve  formed  of  two  folds, 
one  of  which  is  much  wider  than  the  other ;  but,  in  the  valves  situated  in 
the  course  of  the  vessels,  the  curtains  are  of  about  equal  size.  The  valves 
are  very  numerous  in  all  of  the  lymphatics,  but  they  are  most  abundant 
in  the  superficial  vessels.  The  distance  between  the  valves  is  from  one- 
twelfth  to  one-eighth  of  an  inch,  near  the  origin  of  the  vessels,  and  from 
one-quarter  to  one-third  of  an  inch,  in  theii-  course.  In  the  lymphatics 
situated  between  the  muscles,  the  valves  are  less  numerous.  They  are 
always  relatively  few  in  the  vessels  of  the  head  and  neck  and  in  all  that 
have  a  direction  from  above  downward.  Although  there  are  a  number 
of  valves  in  the  thoracic  duct,  they  are  not  so  numerous  here  as  in  the 
smaller  vessels. 

In  their  anatomy  and  general  properties,  the  lymphatics  bear  a  close 
resemblance  to  the  veins.  Although  much  thinner  and  more  transparent, 
their  coats  have  nearly  the  same  arrangement.    The  arrangement  of 
valves  is  entirely  the  same  ;  and,  in  both  systems,  the  folds  prevent  the  Fig.  90.— FoZumo/ 
reflux  of  fluids  when  the  vessels  are  subjected  to  pressure.    A  number  (Sappey.) 
of  forces  (which  will  be  considered  hereafter)  combine  to  produce  the 
flow  of  lymph  and  chyle  in  the  absorbent  system.    Among  these  is  intermittent  pressure 
from  suri-ounding  parts,  which  could  only  operate  favorably  in  vessels  provided  with  nu- 
merous valves. 

We  have  already  referred  to  the  great  elasticity  of  the  lymphatics.  It  is  now  pretty 
generally  admitted  that  the  larger  vessels  and  those  of  medium  size  are  endowed  also 
with  contractility,  although  the  action  of  their  muscular  fibres,  like  that  of  all  fibres  of 
the  involuntary  or  non-striated  variety,  is  slow  and  gradual.  Todd  and  Bowman  have 
demonstrated  this  property  by  mechanically  irritating  the  thoracic  duct  in  an  animal  re- 
cently killed,  but  they  observed  that  the  contraction  was  very  slow.  Milne-Edwards, 
quoting  from  a  manuscript  presented  by  Colin  to  the  Academy  of  Sciences,  in  1858,  states 
that  this  observer  noted  alternate  filling  and  emptying^of  some  of  the  lacteal  vessels  in 
the  mesentery  of  the  ox ;  portions  of  the  vessels  becoming  alternately  enlarged  in  the 
form  of  pouches,  and  contracted  so  that  they  almost  disappeared.  There  can  be  no 
doubt  that  the  lymphatic  vessels  possess  a  certain  degree  of  contractility,  which  is  fully 
as  marked,  perhaps,  as  in  the  venous  sy.stem.  ' 

One  of  the  most  important  points  in  connection  with  the  physiological  anatomy  of 
the  lymphatic  vessels,  and  one,  indeed,  upon  which  rest  our  ideas  of  the  mechanism  of 
absorption  by  these  vessels,  is  the  question  of  the  existence  of  orifices  in  their  walls,  which 
might  allow  the  passage  of  solid  particles  or  emulsions.    The  most  recent  observations 
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have  indicated  tlie  probable  existence  of  stomata,  of  variable  size  and  irregular  shape,  m 
the  smallest  vessels;  but  it  must  be  acknowledged  that  one  of  the  strongest  arguments 
in  favor  of  the  existence  of  these  orifices  is,  not  their  anatomical  demonstration,  but  the 
fact  of  the  actual  passage,  through  the  walls  of  the  vessels,  of  fatty  particles  he  en- 
trance  of  which  cannot  be  explained  by  the  well-known  laws  ol  endosmos.s.    The  ana- 


F.Q  91  -Lym-phaUo  plexus,  showing  the  epithelial  hmng  of  the  ze..el 


(Bcbiefl.) 


cepted,  we  may  consider  the  existence  of  ^P^^^^^^^".*^  j^^^  f    seen  st"  ning  the 
strated.    In  preparations  of  the  lymphatics,  the  solution  of  f^^^  !\    ,  f^^.^  ° 
tissues  and  t'e  borders  of  the  epithelial  cells  lining  the  l^^^'^J'^l^:^'^^^^^^^^^  on 
tween  these  cells  where      steSnin,  ^so^^^er.eA^^^^^^ 

Si  :f =^  -  tSsr  aS^lSe^:S:^Us  may  be  closed  by  an 

^"^^^^dSX  origin  of  th«^^ 

actual  knowledge  extends  beyond  the  smaU  vessels,  -R^^tHTKrlinnsen  and  oth  ers  have 
cial  net-work  of  the  skin.    Within  the  last  few  f  ^^^^^^      .i.^ributed  in  the 

assumed  the  existence,  in  the  connective  tissue  \'  J JL.,i^ic  vessels,  and  that 

organism),  of  minute  tu^-^— '  ^^^^^^^^^^  These  lit- 

these  are  the  true  vessels  of  origin  o  a  |;^f  ^/^ot  sustained  by  positive 

tie  vessels  are  called  --is  cana^^uli.  J^^^^tical;  and  the  same  may  be  said 
demonstrat  on  and  mn  t  ^tt^^  ^mpha«cs  originate  in  lacuna,  or  spaces  m  the 
oftheopimonadvancpdbysomethat  tne  y  1  ^^^^getive-tissue  corpuscles  and 

connective  tissue  or  m     ^^^^^^  ' TTot  one  lymphatic  vessel  has  ever  been 

fibres.    Sappey  asserts  vei^  X/^^l^^^^^^^  ;  -d  a  careful  study  of 

demonstrated  as  arising  from  the  substance  ui 

recent  observations  in  Germany  shows  f/.^  * V^;^ '  ly^J.^gg^jg,      found  nnmeroTis  small, 
lymphaUc  Olcmds.-ln  the  course  of  the  lymphatic  ^  esseis. 
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lenticular  bodies,  called  lymphatic  glands.  The  number  of  these  glands  is  very  groat,  al- 
thouo-h  it  is  estimated  with  difficulty,  from  the  fact  that  many  of  them  are  very  small  and 
are  consequently  liable  to  escape  obser- 
vation. It  may  be  stated  as  an  approxi- 
mation that  there  are  from  six  hundred 
to  seven  hundred  lymphatic  glands  in 
the  body.  Tlieir  size  and  form  are  also 
very  variable  within  the  limits  of  health. 
They  are  generally  flattened  and  len- 
ticular, some  as  large  as  a  bean,  and 
others  as  small  as  a  small  pea  or  even 
a  pin's-head.  They  are  arranged  in 
two  sets;  one  superficial,  correspond- 
ing with  the  superficial  lymphatic  ves- 
sels, and  a  deep  set,  corresponding  with 
the  deep  vessels.  The  superficial  glands 
are  most  numerous  in  the  folds  at  the 
flexures  of  the  great  joints  and  about 
the  great  vessels  of  the  head  and  neck. 
The  deep-seated  glands  are  most  numer- 
ous around  the  vessels  coming  from  the 
great  glandular  viscera.  A  distinct  set 
of  large  glands  is  found  connected  with 
the  lymphatic  vessels  between  the 
folds  of  the  mesentery.  These  are 
known  as  the  mesenteric  glands.  All 
of  the  lymphatic  vessels  pass  through 
glands  before  they  ai-rive  at  the  great 
lymphatic  trunks,  and  most  of  them 
pass  through  several  glands  in  their 
course. 

There  is  some  difference  of  opinion 
among  anatomists  concerning  the  inti- 
mate structure  of  the  lymphatic  glands.    Some  regard  them  as  composed  simply  of  a' 
plexus  of  lymphatic  vessels,  held  together  by  a  delicate  stroma  of  fibrous  tissue  ;  while 
others  deny  that  there  is  any  direct  communication  between  the  afferent  and  the  efferent 
vessels,  assuming  that  the  vessels  which  penetrate  the  glands  break  up  into  smaU  branches 
which  open  into  a  parenchyma  filled  with  closed  foUicles,  and  that  the  fluids  are  collected 
from  the  glands  by  a  second  set  of  capillaries  connected  with  the  efferent  lymphatics. 
According  to  the  latter  view,  the  mesenteric  glands  are  little  more  than  collections  of 
follicles  like  the  solitary  glands  of  the  intestines,  held  together  by  a  delicate  fibrous 
structure.    This  difference  of  opinion  seems  to  be  due  to  the  different  methods  which 
have  been  employed  in  studying  the  structure  of  the  glands.    Taking,  for  example,  the 
results  arrived  at  by  two  prominent  investigators,  Sappey,  who  has  studied  these  organs^ 
with  great  success  by  injections,  seems  to  have  clearly  demonstrated  a  lymphatic  plexus 
in  their  interior,  while  KoUilcer,  whose  investigations  Jiave  been  confined  chiefly  to  ex- 
aminations of  the  organs  in  a  recent  state,  has  not  been  able  to  follow  out  the  lymphatic' 
vessels,  but  has  accurately  described  the  contents  of  the  alveoli,  or  what  are  regarded  by 
others  as  closed  follicles.    In  attempting  to  represent  what  has  been  actually  demon- 
strated concerning  the  structure  of  these  bodies,  we  shaU  first  take  up  the  appearances 
which  are  observed  in  the  fresh  structures,  and  afterward,  those  points  which  have  been 
demonstrated  by  minute  injections. 

The  perfect,  healthy  glands  are  of  a  grayish-white  or  reddish  color,  of  about  the  con- 


FiG.  ^1.—LymphaUc»  and  Ij/m.phatic  glands.  (Sappey.) 
1,  upper  extremity  of  the  thoracic  duct,  passing  behind  the 
internal  jugular  vein ;  2,  opening  of  the  thoracic  duct  mto 
the  internal  jugular  and  left  subclavian  vein.   The  lym- 
phatic glands  ate  seen  in  the  course  of  the  vessels. 
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siatonce  of  the  liver,  presenting  a  hilum  where  the  larger  blood-vessels  enter  and  the 
efferent  vessels  emerge,  and  covered,  except  at  the  hilum,  with  rather  a  delicate  mem- 
hranc,  composed  of  inelastic,  with  a  few  elastic  fibres.  Their  exterior  is  somewhat  tu- 
berculiited,  from  the  projections  of  the  follicles  just  beneath  the  investmg  membrane. 
The  interior  of  the  glands  is  soft  and  pulpy.  It  presents  a  coarsely-granular  cortical 
substance,  of  a  reddish-white  or  gray  color,  which  is  from  one-sixth  to  one-fourth  of  an 
inch  in  thickness  in  the  largest  glands.  The  medullary  portion,  which  comes  to  the  sur- 
face at  the  hilum,  is  lighter  colored  and  coarser  than  the  cortical  substance.  Ihrough- 
out  the  gland,  are  found  delicate  fasciculi  of  fibrous  tissue  connected  witli  the  investing 
membrane,  which  serve  as  a  fibrous  skeleton  for  the  gland  and  divide  its  substance  into 
little  alveoli.    The  structure  is  far  more  delicate  in  the  cortical  than  in  the  medullary 

portion.  •    u  •  a- 

Within  the  alveoli,  are  irregularly-oval,  closed  follicles,  about  of  an  inch  in  di- 
ameter filled  with  a  fluid  and  with  cells  like  those  contained  in  the  solitary  glands  of  the 
intestines  and  the  patches  of  Peyer.  These  follicles  do  not  seem  to  occupy  the  medu  - 
lary  portion  of  the  glands,  which,  according  to  KciUiker,  is  composed  chiefly  of  a  net- 
work of  lymphatic  capillaries,  mixed  with  rather  coarse  bands  of  fibrous  tissue.  The 
follicular  structures  in  the  lymphatic  glands  resemble  the  closed  follicles  m  the  mucous 
membrane  of  the  intestinal  canal  and  the  Mulpighian  bodies  of  the  spleen. 

The  elaborate  researches  of  Sappey  leave  scarcely  any  doubt  as  to  the  course  and  ar- 
rano-ement  of  the  lymphatic  vessels  in  the  interior  of  the  lymphatic  glands,  although  the 
view  advanced  by  him  that  these  bodies  consist  mainly  of  lymphatics  with  a  httle 
fibrous  tissue  cannot  be  sustained.  By  pricking  a  perfectly  healthy  g  and  with  the  del  - 
cate  point  of  his  apparatus  for  injecting  the  lymphatics,  he  has  seen  the  mercuiy  succes- 
sively fill  the  difi-erent  capillary  vessels  and  pass  into  the  vasa  efi-erentia.  fappey  does 
not  appear,  however,  to  have  caused  the  injection  to  pass  from  the  afferent  to  the  efiei- 
en  V  ssels  entirely  hrough  this  plexus ;  and,  while  the  fact  of  the  contmuity  of  these 
:lels  tlrou^  a'capilla^y  plexus  is  extremely  probable,  it  has  not,  as  yet,  been  posi- 

^''trrhas  been  ascertained,  the  following  is  the  course  of  the  ^y^^^^^fy^^^ 

observed  to  pass  into  the  small  vems;  so  that  some  ^  ^^ood- 

is  a  connection  in  the  substance  of  the  glands  between  h    ^^P^^^^^^^^^^  ,,^3, 

form  one  or  more  large  veins,  which  genera  ly  ^^^^  ^  "he  lymphatic  glands. 

Very  little  is  known  regarding  the  distribution      ^r^'jVt'rierbut  they  have 
A  few  filaments  from  the  Bv-patl^etic  system  ent.^^^^^^^^^^ 
never  been  traced  to  their  final  distribution.  The  entiance 
spinal  system  has  never  been  demonstrated. 
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It  is  evident,  from  the  struotiu-o  of  the  lymphatic  glands,  that  they  must  materially 
retai-d  the  passage  of  the  lymph  toward  the  great  trunks;  and  it  is  well  known  in 
pathology  that  morbid  matters  taken 
up  by  the  absorbents  are  frequently 
arrested  and  retained  in  the  nearest 
glands. 

The  function  of  the  lymphatic 
glands  is  very  obscure.  By  some 
they  are  supposed  to  have  an  im- 
portant office  in  the  elaboration  of 
the  corpuscular  elements  of  the 
lymph  and  chyle;  and  it  has  been 
observed  that  the  lymph  contained 
in  vessels  which  have  passed  through 
no  glands  is  relatively  poor  in  cor- 
puscles, while  the  large  trunks  and 
the  efferent  vessels  contain  them  in 
large  numbers.  This  single  fact  is 
indefinite  enough,  as  regards  the 
mode  of  formation  of  the  lymph- 
corpuscles,  but  it  represents  about 
all  that  is  actually  known  concern- 
ing the  function  of  the  lymphatic 
glands. 

In  endeavoring  to  estimate  the 
share  which  the  lacteals  and  lym- 
phatics have  in  the  function  of  ab- 
sorption, it  becomes  an  important  question  to  determine  what  principles  these  vessels 
are  capable  of  taking  up,  beside  the  fatty  elements  of  the  food,  and  how  far,  if  at  all, 
they  assist  the  blood-vessels  in  the  absorption  of  the  general  products  of  digestion. 


Fig.  93. — Different  varieties  of  lymphatic  glands.  (.Sappey.) 


Absorption  of  Albuminoids  by  the  Lacteals. — Comparative  analyses  of  the  lymph  and 
chyle  always  show  in  the  latter  fluid  an  excess  of  albuminoid  matters.  As  we  may  rea- 
sonably suppose  that,  during  the  intervals  of  digestion,  the  lacteals  carry  ordinary  lymph — 
for,  at  this  time,  these  vessels  are  filled  with  a  colorless,  transparent  fluid,  having  the  gen- 
eral physical  characters  of  lymph — it  is  natural  to  infer  that  the  excess  of  nitrogenized 
matters  in  the  white  chyle  is  due  to  absorption  of  albuminoids  from  the  intestinal  canal. 
Mr.  Lane  collected  the  chyle  from  the  lacteals  of  a  donkey,  seven  and  a  half  hours  after 
a  full  meal  of  oats  and  beans,  and  compared  its  composition  with  that  of  the  lymph.  The 
analyses  were  made  by  Dr.  Rees,  who  found  that  the  chyle  contained  about  three  times 
as  much  albumen  and  fibrin  as  the  lymph.  While  by  far  the  greater  part  of  the  products 
of  digestion  of  the  albuminoids  is  absorbed  by  the  blood-vessels,  there  can  be  no  doubt 
that  a  small  portion  is  also  taken  up  by  the  lacteals. 


Aisoiytion  of  Glucose  and  Salts  by  the  Lacteals. — -What  has  just  been  stated  regard- 
ing the  absorption  of  albuminoids  applies  with  equal  force  to  saccharine  matters  and 
the  inorganic  salts.  Small  quantities  of  sugar  and  sometimes  lactic  acid  have  been 
detected  in  the  chyle  from  the  thoracic  duct  in  the  herbivora ;  and  the  presence  of  sugar 
in  both  the  lymph  and  the  chyle  has  been  accurately  determined  by  Colin. 

It  is  true  that  the  products  of  the  digestion  of  saccharine  and  amylaceous  matters  are 
taken  up  mainly  by  the  blood-vessels,  but  a  small  quantity  ia  also  absorbed  by  the  lac- 
teals. In  the  comparative  analyses  of  the  chyle  and  lymph  by  Dr.  Rees,  the  proportion 
of  inorganic  salts  was  found  to  be  considerably  greater  in  the  ohyle.    The  great  excess 
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in  tl.o  quantity  of  blood  coming  from  the  intestine  and  the  rapidity  of  its  circulation,  as 
compared  with  the  chyle,  will  explain  the  more  rapid  penetration  by  endosmosis  ol  the 
soluble  products  of  digestion. 

Absorption  of  Water  hy  the  Lacteals.— Thar q  can  be  no  doubt  that  a  small  portion  of 
the  liciuids  taken  as  drink  finds  its  way  into  the  cu-culation  by  the  lacteals,  although  the 
.greatest  part  passes  directly  into,  the  blood-vessels.  This  has  been  proven  by  experi- 
ments of  a  most  positive  character.  Leuret  and  Lassaigne  state  that,  when  an  animal  is 
fed  with  an  aliment  which  is  very  substantial  and  is  killed  during  digestion,  the  thoracic 
duct  contains  a  very  small  quantity  of  chyle ;  but,  when  the  anin.al  has  taken  liquids  with 
the  food,  the  thoracic  duct  and  the  lacteals  are  very  much  distended.  In  an  experiment 
by  Ernest  Burdacli,  a  dog  was  deprived  of  food  and  drink  for  twenty-four  hours,  after 
which  he  was  allowed  to  drink  water,  and,  in  addition,  half  a  pound  was  injected  into 
the  stomach.  The  animal  was  killed  a  half  an  hour  after,  and  the  thoracic  duct  was 
found  engorged  with  watery  lymph,  which  contained  a  very  small  number  of  lymph-cor- 

^"'in  discussing  the  question  of  absorption  by  the  blood-vessels  of  the  intestinal  canal 
we  alluded  to  experiments  which  showed  that  various  poisonous  substances  introduced 
into  the  intestines  produced  their  characteristic  eifects  upon  the  «y«tem  with  great 
rapidity  when  the  veins  leading  from  the  part  were  intact,  while  no  such  effects  followed 
wJ  n  Ihe  only  avenue  to  the  general  system  was  through  thelactea  s.  ^ithout  aga  n 
Icussing  these  observations  in  detail,  it  may  be  stated,  as  the  general  results  o  expeii- 
ments  on  this  subject,  that  few,  if  any,  of  the  active  poisons  were  found  o  be  abso  bed 
from  the  alimentai^  clnal,  except  by  blood-vessels  ;  and,  when  soluble  coloring  mat  s 
01  "its  which  could  be  easily  recognized,  were  found  in  the  acteals  or  the  t^or^  ^-^^ 
after  they  had  been  introduced  into  the  intestine,  they  penetrated  in  small  quantity  and 
veiT  s  owly ;  while  it  has  been  repeatedly  found  that  the  same  substances  were  taken  up 
by  the  veins  with  great  rapidity  and  excreted,  in  many  instances,  by  the  urme. 

Alsorptionfrom  Parts  not  connected  with  the  Digestive  System.-AB\da  from  the 
/*'"'^rj^^4'  into  the  blood  from  the  pulmonary  surface,  physiological  absorption  is 
'tr  entirtrconfined  to  the  mucous  membrane  of  the  alimentary  canal    It  .s  true 

matters  is  an  occasional  or  au  ^^^^^  ^^^^pt 

general  process  of  ;™  J^^^^"        some  ofher  structures  which  are 

the  epidermis  and  its  appendages,  the  epithenum,  an 
regularly  desquamated,       constantly  undergoing  ch^ 

result  from  their  decay  are  taken  up  by  what    ^^^^^^^  J^,^,  that  the  ves- 

ried  by  the  blood  to  the  proper  organs,  o  be  excreted^  it  P  ^^^^^^^  ^^^^^ 

sels  of  these  parts  would  also  be  ^^Pf  ^         t  °  i*^^^^^  ^^^'^^  '''' 

p.esented  to  them;  ^^^^^^^^^^^^^^^^  -s- 
nutritive  processes  are  even  moaeiateiy  acuvi., 
cular  parts  are  permeable. 

•     ^      ,7.  It  is  now  generally  admitted  that  absorption  can  take 

AUorption  from  the  Shm.-lt  is  now  ge        y  ^^^^  discussed 

place  from  the  general  surface,  although  at  one  t^^^;  ™  ^  -^^^  ,,,,  entrance  of  cer- 
by  physiologists  and  practical  physicians.  J^^  ^^^^'J^  now  entirely  conclusive ; 
tain  medicinal  preparations  from  the  surface  of       b°Y  /^re  frequently  as 

and  the  constitutional  effects  of  '-^1>-"- ;:^^^Xv  can ^  But  the  questioJ  which  is 
marked  as  when  they  are  taken  into  the  ahmentary  canal,    iiut  q 
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of  mo^t  interest  to  us  as  physiologists  concerns  tlie  normal  functions  of  tlio  slcin  as  an 
absorbia-  surface.  Looking  at  this  subject  from  a  purely  physiological  pomt  of  view, 
absorption  from  the  skin,  under  ordinary  conditions,  must  be  very  slight,  il,  mdeed,  it  take 
place  at  all  There  are  a  few  observations  by  the  older  physiologists  which  would  at 
first  seem  to  show  that  a  certain  amount  of  water  is  taken  up  by  the  skin  when  the 
atmosphere  is  unusually  moist.  In  all  of  these,  however,  this  conclusion  is  drawn  from  the 
circumstance  that  the  weight  is  occasionally  somewhat  increased  under  these  conditions; 
but  no  account  is  taken  of  the  fact,  that,  when  the  surrounding  atmosphere  is  moist,  the 
amount  of  the  exhalations  is  greatly  decreased.  The  lungs,  also,  present  an  immense 
absorbing  surface,  which  is  not  at  all  considered.  Experiments  on  this  point  are  not  suffi- 
ciently definite  to  warrant  any  positive  conclusions ;  but  it  is  evident  that,  if  any  articles 
enter  in  this  way,  the  quantity  must  be  excessively  minute. 

The  experiments  upon  the  entrance  of  water  and  soluble  substances  through  the  skin, 
when  the  body  has  been  immersed  for  a  long  time  in  a  bath,  are  somewhat  contradictory. 
Most  experimenters  have  noted  an  increase  in  the  weight,  which  they  attribute  to  absorp- 
tion of  water,  but  others  profess  to  have  observed  a  slight  diminution  in  the  weight  of  the 
body.  In  some  experiments  on  this  subject,  by  Madden,  in  which  all  necessary  precau- 
tions were  adopted,  the  air  being  respired  through  a  tube  passed  out  of  the  window  of  the 
room,  so  that  no  unusual  absorption  of  moisture  could  take  place  by  the  lungs,  the  results 
were 'very  conclusive.  In  experiments  of  this  kind,  there  are  many  modifying  infiuences 
to  be  guarded  against.  For  example,  it  has  been  found  to  be  important  to  regulate  care- 
fully the  temperature  of  the  bath ;  for,  when  it  exceeds  that  of  the  body,  there  may  be  a 
loss  of  weight  by  cutaneous  transpiration.  It  is  stated  by  Longet  that,  when  the  tem- 
perature of  the  water  is  lower  than  that  of  the  body,  there  is  a  gain  in  weight ;  but  that 
the  cutaneous  exhalation  and  absorption  are  balanced  when  the  temperature  of  the  bath 
and  the  body  are  the  same.  There  is  another  source  of  complication  in  these  observa- 
tions, which  has  been  brought  forward  very  strongly  by  a  French  writer,  M.  Delore. 
This  observer  has  carefully  noted  the  increase  in  weight  of  the  hair,  nails,  and  epidermis, 
after  immersion  for  half  an  hour  in  distilled  water,  and  has  always  found  it  to  be  very 
considerable.  He  assumes  that  this  is  more  than  sufficient  to  account  for  the  increase  in 
the  weight  of  the  entire  body  after  immersion  in  water  for  half  an  hour,  which  amounts 
to  about  seven  hundred  grains. 

There  are,  nevertheless,  facts  which  render  it  certain  that  water  can  be  absorbed  by 
the  skin.    In  an  elaborate  series  of  experiments  by  CoUard  de  Martigny,  it  was  proven 
conclusively  that  water  could  be  absorbed  in  small  quantity  by  the  skin  of  the  palm  of 
the  hand.    In  one  experiment,  a  small  bell-glass  filled  with  water  was  applied  hermeti- 
cally to  the  palm.    This  was  connected  with  a  tube  bent  in  the  form  of  a  siphon,  also 
filled  with  water,  the  long  branch  of  which  was  placed  in  a  vessel  of  mercury.  After 
the  apparatus  had  been  applied  for  an  hour  and  three-quarters,  the  mercury  was  found 
sensibly  elevated  in  the  tube,  showing  that  a  certain  quantity  of  the  water  had  disap- 
peared.   More  recently,  a  very  extended  series  of  observations  upon  the  absorption  of 
water  and  soluble  substances  has  been  made  by  Dr.  Willemin,  in  which  it  is  conclusively 
proven  tliat  water  is  absorbed  in  a  bath,  and  that  various  medicinal  substances  may  be 
taken  up  by  the  skin  in  this  way  and  can  be  detected  afterward  in  the  urine.    In  a  large 
number  of  experiments,  he  found  that  the  weight  of  the  body,  after  remaining  in  a  tepid 
bath  for  from  thirty  to  forty -five  minutes,  was  generally  stationary  ;  but  that  sometimes 
there  was  a  very  slight  diminution  in  weight  and  sometimes  a  very  shght  increase.  By 
comparative  observations,  however,  he  found  that  the  diminution  of  weight  in  the  bath 
was  always  less  than  the  amount  lost  by  the  same  subject  in  the  air.    Dr.  Willemin 
employed  a  very  delicate  apparatus  for  weighing,  and  his  observations  were  apparently 
conducted  with  great  care.    He  also  confirmed  the  statement  of  W.  F.  Edwards  and 
others,  that  transpiration  from  the  general  surface  goes  on  in  a  bath.    This  he  showed 
by  differences  in  the  composition  of  the  batli  before  and  after  immersion  of  the  body. 
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These  observations  do  much  to  reconcile  tlie  contradictory  experiments  of  others,  in  some 
of  which  a  diminution  in  weight  was  observed,  while  in  some  an  mcrease  was  noted.  In 
studying  this  subject,  it  must  always  be  remembered  that  there  is  a  constant  loss  of 
weight  by  evaporation  from  the  general  surface  and  from  the  lungs;  a  fact  which  was 
not  taken  into  account  by  some  of  the  earlier  experimenters 

It  has  been  frequently  remarked  that  the  sensation  of  tlm-st  is  always  least  pressing 
in  a  moist  atmosphere,  and  that  it  may  be  appeased  to  a  certain  extent  by  baths.    It  is 
true  that  in  a  moist  atmosphere,  the  cutaneous  exhalations  are  diminislied,  and  this 
might  account  for  the  maintenance  of  the  normal  proportion  of  fluids  m  the  body  with  a 
less  amount  of  drink  than  ordinary;  but  we  could  hardly  account  for  an  actual  allevia- 
tion of  thirst  by  i.umersion  of  the  body  in  water,  unless  we  assumed  that  a  certam 
quantity  of  water  had  been  absorbed.    A  strikmg  example  of  relief  of  thirst  in  this  way 
is  given  by  Captain  Kennedy,  in  the  narrative  of  his  sufferings  after  shipwreck  when  he 
and  his  men  were  exposed  for  a  long  time  without  water,  in  an  open  boat.    With  regard 
to  his  sufferings  from  thirst,  he  says :  "  I  cannot  conclude  without  making  mention  of 
L  great  advantage  I  derived  from  soaking  my  clothes  twice  a  day  m  salt-water, 
and  putting  them  on  without  wringing.  .  .  .  There  is  one  very  remarkable  c.rcum 
stance  and  worthy  of  notice,  which  was,  that  we  daily  made  the  same  quantity  of  urine 
as  it- w^  had  drulk  moderalely  of  any  liquid,  which  must  be  owing  to  a  body  of  water 
absorl^ed  through  the  pores  of  the  skin.  ...  So  very  great  advantage  did  we  derive 
tm  this  practice,  that  the  violent  drought  went  off,  the  parched  tongue  was  cured  in  a 
few  minutes  after  bathing  and  washing  our  clothes;  at  the  same  time  we  fo.md  ourselves 
as  much  refresbed  as  if  we  had  received  some  actual  nourishment. 

Aisorption  iy  the  Respiratory  Surface.-ln  studying  the  physiological  anatomy  of 
thefe^  Llry  apparatus,'^.e  have  seen  bow  admirably  ^ ^^1::^^:;^^^ 

::^^;tsLs.read^ 

natural  ^^f^'^^^^^^^^^^^^^  J  exceedingly  common,  and  this 

taken  into  the  blood  by  tbe  lungs  "ILses  ^e^  P^^^^^  in  this  way,  as  well 

tions.    It  is  supposed  that  many  ' Zt  cTZgLs.  With  regard  to  cer- 

as  some  fevers  and  other  general  diseases  which  ^^1^°*  ^  the  lungs 

tain  poisonous  ga.s  and  vola^^^^^^^^ 

are  even  more  striking.    Cai  bonic  oxiue  au  hydrocyanic  acid 

most  instantly,  even  when  inhaled  -^^^  J^^^^  ^Turp  ntine,  iodine,  'and  many 

acts  frequently  with  great  promptness  ^'^^^^f ;  .^.^^  by  inhalation  of  their  va- 
medicinal  substances  maybe  introduced  ^^^^^  ^^^^^^^^^ 

pors;  and  we  well  know  the  s™^^^^^^  the 
cury  in  persons  who  work  in  these  ai tides.  ^       ,  ^^^.^  ^^^^^ 

characteristic  reactions  m  the  urine.  =nbstances  in  solution,  when  injected 

As  would  naturally  be  expected  watei  ^fj™^^^^^^ 
into  the  respiratory  passages,  are  rapidly  absorbec^  and  V^^^^^.^'^  ,bis  subject 

manifest  their  peculiar  effects  with  great  promptness.  Experiment 
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have  shown  the  facility  with  which  hqnids  may  he  nhsorbed  from  the  lungs  and  the  air- 
passages  but  it  must  be  remembered  that  the  natural  conditions  are  never  such  as  to  ad- 
mit of  this  action.  The  normal  function  of  the  lungs  is  to  absorb  oxygen  and  sometimes 
a  little  nitrogen  from  the  air;  and  the  absorption  of  any  thing  else  by  these  surfaces  is 
unnatural  and  generally  deleterious. 

Absorption  from  Closed  Cavities,  Reservoirs  of  Glands,  eic— Facts  in  pathology  show- 
in"-  absorption  from  closed  cavities,  the  areolar  tissue,  the  muscular  and  nervous  tissue, 
the  coniunctiva,  and  other  parts,  are  sufficiently  numerous.  In  all  cases  of  effusion  of 
serum  into  the  pleural,  peritoneal,  pericardial,  or  synovial  cavities,  in  which  recovery 
takes  place,  the  liquid  becomes  absorbed.  It  has  been  shown  by  experiment  that  warm 
water  injected  into  these  cavities  is  disposed  of  in  the  same  way.  Effusions  into  the 
areolar  tissue  are  generally  removed  by  absorption.  In  cases  of  penetration  of ^  air  into 
the  pleura  or  the  general  areolar  tissue,  absorption  likewise  takes  place ;  showing  that 
gases  may  be  taken  up  in  this  way  as  well  as  liquids.  Effusions  of  blood  beneath  the 
skin  or  the  conjunctiva  or  in  the  muscular  or  nervous  tissue  may  become  entirely  or  in 
part  absorbed.  It  is  true  that  these  are  pathological  conditions,  but,  in  the  closed  cavi- 
ties, the  processes  of  exhalation  and  absorption  are  constantly  going  on,  although  not 
very  actively.  As  regards  absorption  from  the  areolar  tissue,  the  administration  of 
remedies  by  the  hypodermic  method,  which  is  now  so  common,  is  a  familiar  proof  of  the 
facility  with  which  soluble  principles  are  taken  into  the  blood  when  introduced  beneath 
the  skin. 

Under  some  circumstances,  absorption  takes  place  from  the  reservoirs  of  the  vaxious 
glands,  the  watery  portions  of  the  secretions  being  generally  taken  up,  leaving  the  solid 
and  the  organic  matters.  It  is  supposed  that  the  bile  becomes  somewhat  inspissated 
when  it  has  remained  for  a  time  in  the  gall-bladder,  even  when  the  natural  flow  of  the  se- 
cretion is  not  interrupted.  Certainly,  when  the  duct  is  in  any  way  obstructed,  absorption 
of  a  portion  of  the  bile  takes  place,  as  is  proven  by  coloration  of  the  conjunctiva  and 
even  of  the  general  surface.  The  serum  of  the  blood,  under  these  conditions,  is  always 
strongly  colored  with  bile. 

It  is  probable  that  some  of  the  watery  portions  of  the  urine  are  reabsorbed  by  the 
mucous  membrane  of  the  urinary  bladder,  when  the  urine  has  been  long  confined  in  its 
cavity,  although  this  resorption  is  ordinarily  very  slight.  A  great  many  cases  of  dis- 
charge of  urinary  matters  by  the  stomach  and  intestines,  skin,  etc.,  when  the  urine  has 
been  long  retained,  have  been  reported  by  the  older  physiologists  and  were  supposed  to 
indicate  resorption  of  these  principles  from  the  bladder.  The  mechanism  of  the  excretion 
of  urinary  matters  was  not  understood  before  the  experiments  of  Pr6vost  and  Dumas, 
who  showed  that  urea  accumulates  in  the  blood  after  the  extirpation  of  both  kidneys 
in  the  inferior  animals.  It  is  now  generally  admitted  that  this  takes  place  when  the 
function  of  excretion  of  urine  is  seriously  interfered  with,  and  that  an  attempt  is  made 
by  Nature  to  remove  these  effete  principles  fi-om  the  system  by  the  stomach,  intestine, 
skin,  and  lungs.  It  is  possible,  therefore,  that  the  vicarious  discharge  of  urinary  matters, 
in  the  cases  reported  before  the  true  process  of  excretion  by  the  kidneys  was  understood, 
was  due  to  accumulation  of  the  constituents  of  the  urine  in  the  blood,  and  not  to  their 
resorption  from  the  urinary  passages. 

Absorption  may  take  place  from  the  ducts  and  ther  parenchyma  of  glands,  although 
this  occurs  chiefly  when  foreign  substances  have  been  injected  into  these  parts. 

Absorption  of  Fats  and  Insoluble  Substances. 

The  general  proposition  that  all  substances  capable  of  being  absorbed  are  soluble  in 
water  or  in  the  digestive  fluids  must  be  modified  in  the  case  of  the  fats.  These  are  never 
dissolved  in  any  appreciable  quantity  in  digestion,  the  only  change  which  they  undergo 
being  a  minute  subdivision  in  the  form  of  a  very  fine  emulsion.    In  this  condition,  the 
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fats  are  taken  up  by  the  laoteals  and  may  bo  absorbed  in  small  quantity  by  the  blood- 
vessels AltL?gh  it  is  now  pretty  well  understood  bow  endosmot.c  hquids  pass  through 
Ihe  wdls  ol  the  blood-vessels  and  absorbents,  the  mechanism  ot  the  penetration  of  fatty 
^articles  which  is  no  less  constant,  is  still  somewhat  obscure.  . 

^  S  Ian  be  no  question  with  regard  to  the  actual  penetration  of  the  mmu  e  parti- 
cles^f  tCliyl  i^r^^^  blood-vessels.    In  bn-ds  indeed  ac 

:X"BLard,allthcfatwI.ch  e  -J:-e.,the 

lymphatics  ot;the  ;n— Tt^^^^^^^^^  it  mfst  be  admitted  that 
Z  rC^n  1  See  of  ori  Js  in  the  walls  of  the  lacteals  even  if  we  deny  the 
t'ual  anatomical  demonstration  of  these  openings,  becomes  almost  necessary ;  for  the 
accual  anatomica  ^^^.^^^^  ^^^^^^  membranes  are  certainly 

TJZ2ZZj    ^Zf^nto  consideration  aU  of  the  facts  bearing  upon  the  question, 

very  "^^^t''^^'=*°'f " ,      ,  exist  in  the  vessels  than  that  the  fatty  particles  pene- 

it  seems  moi^  probable  hat  oufac^  ^^^^  ^^.^  .^^^  ^^^^^  ^^^^ 

infrequently  he  case  that  we  ar  pbysiological  phenomena,  when  act- 

arrangements  as  the  only  leasoudui^.  .        i„pfeals  when  we  remember 

ual  demonstrations  are  unsatisfactory.  ^^^^^^  Ise  adSon  oV^  walls  to  the 
the  excessive  tenuity  of  the  vessels  of  ^^'^S^-^^  f  Z  sSg  processes,  and  the  fact 
surrounding  tissues,  the  novelty  and  "^^^^^^^fj// ^^'^^^^^^^^^^  of  or  gin  have  any 

that  some  anatomists  deny  that  the  finest  ^'-''f  '^'^^^^fZ^^^^  ,ega?d  the  exist- 
distinct  walls,  it  is  readily  understood  ^'/^  .'^f^^^'f^f^^^^^^^  of  explaming  well- 
ence  of  stomata  in  the  lymphatics  as  anatomical  fact, 

established  physiological  phenomena,  rathei        '1°''^;;^^^^  i^testmal  villi, 

In  studying  the  mechanism  of  the  V^^f^^^lfJ^^^^^^^  epithehal  cells 

covering  the  villi  play  an  important  part  in  this 
process  It  was  first  ascertained  by  Goodsir  that, 
during  the  digestion  of  fat,  these  cells  became 
filled  with  fatty  granules.  This  fact  has  been 
confirmed  by  Gruby  and  Delafond,  Kolliker, 
Funke,  and  others.  Funke,  in  his  atlas  of  physi- 
ological chemistry,  figures  the  appearances  of  he 
intestinal  epithelium  during  the  digestion  of  fat, 
as  contrasted  with  the  epithelium  observed  dur- 
ing the  intervals  of  digestion,  showmg  the  cells, 
during  absorption,  filled  with  fatty  gi-anules. 

It  is  true,  as  a  general  law,  that  insoluble  sub- 
stances, with  the  exception  of  the  fats  are  never 
regularly  absorbed,  no  matter  l^ow  finely  they 
rolj  be  divided.  The  apparent  exceptions  to  this 

— ^-^S/^rf  ^'^^  ;-ticS:  inthe 

ease  of  mercury,  it  is  well  ki.wn  that  ^::^-Z^  ^^^^^^^  ^ 
introduced  into  the  system  by  P^j^l^^^ed  fn^^^^^^^^^^  carbonaceous  particles 

instance  of  physiological  absorption.  ^  ^.ehanieal.    The  same  thing  may 

through  the  pulmonary  membrane  ^X^aiTLroduced  into  the  alimentary 

possibly  occur  when  fine,  sharp  particles  of  cartoon  ^^^^  particularly  those 

canal;  but  the  experiments  of  Mialhe  l^Y^^ced  into  the  intestinal  canal  of 
of  B6rard,  Robin,  and  Bernard  with  lamp-black  mtioduce 
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animals,  showed  that,  althougli  the  intestinal  mucous  membrane  became  of  a  deep  black, 
this  could  easily  be  removed  by  a  sti-eam  of  water,  and  no  carbonaceous  particles  could 
be  discovered  in  the  mesenteric  veins,  the  lacteals,  or  the  mesenteric  glands.  When  the 
carbon  is  used  in  the  form  of  lamp-black,  tlie  particles  are  very  minute  and  rounded,  and 
they  do  not  present  the  sharp  points  and  edges  which  sometimes  enable  the  grains  of 
pulverized  charcoal  to  penetrate  the  vessels  mechanically. 


Fig.  95.—Epitheliumfrom  the  duodenum  of  a  rob-  Sio,.  96. — ViUi^jUi^'i  with  fat.  from  the  smaM  in- 

bit,  two  hours  after  having  been  fed  with  melt-  testine  of  an  executed  criminal,  one  hour  after 

ed  butter.   (Fiiiike,)  death.  (Fimke.) 


Variations  and  Modifications  of  Absorption. 

Very  little  is  known  concerning  the  variations  in  lacteal  or  lymphatic  absorption ; 
but,  in  absorption  by  blood-vessels,  important  modifications  occur,  due,  on  the  one  hand, 
to  dilferent  conditions  of  the  fluids  to  be  absorbed,  and,  on  the  other,  to  differences  in  the 
constitution  of  the  blood  and  in  the  conditions  of  the  vessels. 

The  different  conditions  of  the  fluids  to  be  absorbed  apparently  do  not  always  have 
the  same  influence  in  physiological  absorption  as  in  endosmotic  experiments  made  out  of 
the  body.  Saccharine  solutions  of  different  densities  confined  in  distinct  portions  of  the 
intestinal  canal  of  a  living  animal  do  not  present  any  marked  variations  in  the  rapidity 
of  their  absorption,  and  they  are  taken  up  by  the  blood,  even  when  their  density  is 
greater  than  that  of  the  blood-plasma.  Solutions  of  nitrate  of  potash  and  sulphate  of 
soda  of  greater  density  than  the  serum,  which  would,  therefore,  attract  the  endosmotic 
current  in  an  endosmometer,  are  readily  taken  up  by  the  blood-vessels  in  a  living  animal. 
Indeed,  nearly  all  soluble  substances,  whatever  be  the  density  of  their  solutions,  may  be 
taken  up  by  the  various  absorbing  surfaces  during  life.  The  woorara  poison  and  most  of 
the  venoms  are  remarkable  exceptions  to  this  rule.  In  a  series  of  very  interesting 
experiments  upon  the  absorption  of  woorara,  Bernard  has  shown  that  this  curious  poison, 
which  is  absorbed  so  readily  from  wounds  or  when  introduced  imder  the  skin,  generally 
produces  no  effect  when  introduced  into  the  stomach,  the  small  intestine,  or  the  urinary 
bladder.  This  result,  however,  is  not  invariable,  for  poisonous  effects  are  produced  when 
woorara  is  introduced  into  the  stomach  of  a  fasting  animal.  This  peculiarity  in  the 
absorption  of  many  of  the  animal  poisons  has  long  been  observed  ;  and  it  is  well  known 
that  the  flesh  of  animals  poisoned  with  woorara  can  be  eaten  with  impunity.  It  is 
curious,  however,  to  see  an  animal  carrying  in  the  stomach  without  danger  a  fluid  which 
would  produce  death  if  introduced  under  the  skin ;  and  the  explanation  of  tliis  is  not 
readily  apparent.  The  poison  is  not  neutralized  by  the  digestive  fluids,  for  woorara 
digested  for  a  long  time  in  gastric  juice,  or  taken  from  the  stomach  of  a  dog,  is  found  to 
possess  all  its  toxic  properties,  as  we  have  frequently  shown  (repeating  the  experiment 
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•     •         •        wUi,  wnf>rnrft  drawn  by  a  fistula  from  the  stomacli  of 
,„e«,bra»o  of  tl,o  .lo.nach  and  small  tolestmc,  »0lwrtl»toJ.ng  that  cicc.amMy 

SI  '''xbrrLrrL^treisnsfen  „p «„  biood.™....  ti,o..i,  ,...1.. 

the  subject  of  endosmosis. 

erally  takes  place  with  great  activity.    This  is  ^^^.^^^^/^^.t  ,,3  at  one  time 

already  shown,  in  treating  of  the  action     ^^^^^^^^^^^^^  ,Lels'.    It  has  been 

cess  may  be  impeded  or  even  arrested  by  t^^^^^^^^;^";^^^^^^^  the  vascularity  of  differ- 
evident,  also,  that  absorpt.on  is  f.^^^  ^^^^^^^^^^  in  the  acti^aty  of  the 

:LCon  t^^^rZ^:^^^^^-^  undoubtedly  has  an  inauence 
np'^the  rapidity  with  whicH  the  products  of  digestion  are  taken  up. 

influence  of      Ker.ous  System  ^^Z^^T^^Sl^^^ 
the  nervous  system  on  absorption  are  still  !^  ^  ^^^^^^^^^^    '  l^^^^j,  be  dependent  upon 
especially  in  the  stomach,  is  subject  to  vanations  whi  b  can    a  ^^^^^^ 
any  thing  but  nervous  action.    Water  and  other  liquids,  w  ^^^^^ 
soiled  from  the  stomach,  are  sometimes  retained  for  a  ^-^^  ^^^  ^hat  the  most 

in  nearly  the  condition  in  which  ttiey  wer^  take-    It    prot,  ^ 

important  influences  thus  ^^^^^'^^X  I  IZ^^^^^^^  the  sympathetic  system  of 
latL.    The  recent  experiments  of  Berna  d  •'^^^  o^^^^^^^^^  J  ^  „f 

nerves  and  its  connection  with  the  muscular  ^^^^  °^  ^J^^^"  Vut  a  line  of  experimenta- 
.hich  the  supply  of  blood  in  different  parts  is  ^^^^'^^^^^X^  ,,j,,rtant  variations  in 
tion  which  would  probably  throw  mudi  hght  -^-  ^^^L  may  become  so  contracted 
absorption.    When  it  is  remembered  that  the  smal  aite  y      ^^^^^^  obliterated, 

under  the  influence  of  the  ^^-^^^'^^''^J^'ri^^^^^       and  venous  circulation  in  the 

system  of  nerves.  ,  ovstpm  is  concerned,  it  has  been  ascer- 

As  far  as  the  influence  of  the  cerebro-spma  «y        ^^"^^^  ^he  alimentary  canal  will 
tained  that,  while  section  of  some  of  the  Jer  entirely  arrested.  Lon- 

slightly  retard  the  absorption  of  poisonous         nces  lUs  ne  ^       ^  ^^.^^ 

get  found  that  the  operation  of  strychnme  injected  into 


IMBIBITION  AND  ENDOSMOSIS. 


321 


both  pneiimogastric  nerves  had  been  divided  was  retarded  about  five  minutes ;  but  that 
the  convulsions,  when  they  occurred,  were  fully  as  severe  as  in  an  animal  which  had 
received  an  equal  dose,  without  section  of  the  nerves. 

t 

Imbibition  and  Endosmosis. 

The  ideas  of  physiologists  concerning  the  mechanism  of  the  absorption  of  soluble  sub- 
stances have  become  radically  changed  since  the  beginning  of  the  present  century ;  and 
it  is  now  generally  admitted  that  this  process  takes  place  chiefly  by  blood-vessels,  and 
that  the  absorbents  have  no  such  wonderful  elective  power  as  was  attributed  to  them  by 
the  older  writers.  This  involves  the  passage  of  liquids  through  the  coats  of  the  blood- 
vessels and  lymphatics ;  a  process  which  has  been  the  subject  of  numerous  experiments;, 
resulting  in  the  development  of  many  important  physical  laws  capable  of  application  to 
physiological  absorption.  At  the  present  day,  therefore,  the  history  of  absorption  is  not 
complete  without  a  consideration  of  the  laws  of  imbibition  and  endosmosis. 

If  hquids  can  pass  through  the  substance  of  an  animal  membrane,  it  is  evident  that 
the  membrane  itself  must  be  capable  of  taking  up  a  certain  portion  of  the  liquid  by 
imbibition;  and  this  must  be  considered  as  the  starting-point  in  absorption.  Imbibi- 
tion is,  indeed,  a  property  common  to  aU  animal  structures.  One  of  the  most  strik- 
ing characteristics  of  organic  principles  is  that  they  may  lose  water  by  desiccation  and 
regain  it  by  imbibition.  It  is  also  a  well-known  fact  that  the  tissues  do  not  imbibe  all 
solutions  with  the  same  degree  of  activity.  Distilled  water  is  the  liquid  which  is  al- 
ways taken  up  in  greatest  quantity,  and  saline  solutions  enter  the  substance  of  the  tis- 
sues in  an  inverse  ratio  to  their  density.  This  is  also  the  fact  with  regard  to  mixtures 
of  alcohol  and  water,  imbibition  always  being  in  an  inverse  proportion  to  the  quantity 
of  alcohol  present  in  the  liquid.  Among  the  other  circumstances  which  have  a  marked 
influence  upon  imbibition,  is  temperature.  It  is  a  familiar  fact  that  dried  animal  mem- 
branes may  be  more  rapidly  softened  in  warm  than  in  cold  water ;  and,  with  regard  to 
the  imbibition  of  liquids  by  sand,  the  researches  of  Matteucci  and  Cima  have  shown  an 
immense  increase  at  a  moderately-elevated  temperature.  "While  nearly  all  the  structures 
of  the  body,  after  desiccation,  will  imbibe  liquids,  the  membranes  through  which  the  pro- 
cesses of  absorption  are  most  active  are,  as  a  rule,  most  easily  permeated;  and  we  shaU 
see,  when  we  come  to  study  the  mechanism  of  the  passage  of  liquids  through  these  mem- 
branes, that  the  character  of  the  liquid,  the  temperature,  etc.,  have  a  great  influence 
upon  the  activity  of  this  process.  For  example,  all  liquids  which  have  a  tendency  to 
harden  the  tissues,  such  as  saline  solutions,  alcohol,  etc.,  pass  through  with  much  less 
rapidity  than  pure  water.  These  facts  will  be  found  particularly  interesting  in  connec- 
tion with  observations  on  the  passage  of  liquids  through  membranes,  in  experiments  on 
endosmosis  with  artificial  apparatus. 

Mechanism  of  the  Passage  of  Liquids  through  Membranes. — The  attention  of  physi- 
ologists was  first  directed  to  this  subject  by  the  researches  of  Dutrochet,  in  1826.  Al- 
though not  by  any  means  the  first  to  observe  the  phenomena  which  he  described  under 
the  name  of  endosmosis,  to  Dutrochet  is  generally  ascribed  the  honor  of  having  first 
mdicated  the  applications  of  the  laws  of  endosmosis  to  the  nutrition  of  plants  and  ani- 
mals. Undoubtedly,  Dutrochet  was  the  first  to  make  experiments  upon  endosmosis  which 
attracted  the  attention  of  scientific  men  in  difi'erent  parts  of  the  world  and  which  were 
immediately  repeated  and  extended;  but  the  experiments  made  upon  living  animals  by 
Lebkuchner,  in  1819,  and  by  Magendie,  in  1820,  had  already  demonstrated  most  conclu- 
sively the  passage  of  liquids  through  the  walls  of  the  blood-vessels ;  and  the  explanation 
ofi'ered  by  these  physiologists  was  fully  as  definite  as  that  proposed  by  Dutrochet. 

Dutrochet  constructed  an  instrument  called  the  endosmometer,  which  consists  sim- 
ply of  a  small  bell-glass,  the  lower  opening  of  which  is  closed  by  a  membrane,  the  open- 
ing above  being  connected  with  a  long  glass  tube  by  which  the  force  with  which  liquids 
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through  the  ...m.™«e  c«n  b,  .ea„»a    The  W  Ji-^eS 
Ipia  cpoblo  of  .tlractihg  .  current  '      "^^r  these  circumstances,  there 

w'.ter,  BO  that  the  membrane  .s  «°»Pf°'?'/Xcb  will  cau«  the  liquid  to  mount  in  the 
is  a  eurrent  or  water  tbroug  the  — ^^^--j;  «■» ,71,  i.  a  feebler 

tubo,  sometimes  to  the  height  ot  seveiai       ,       ,  p^^.^chet  called  the  stronger, 

current  from  the  interioi-  of  tl-  appo^a^us  to^^^  ^^^^^^  ^^utio^^^  nomenclature, 
the  endosmotic  current,  and  the  feebler  ne  ^^^^ 
l.owever,  is  not  «t™tly  aecumte ;  foi,  x^^^b^^  1^^^^  remembered, 

stronger  current  is  exosmot.c  and  the  feebler  is  t„  jnci- 

therefore,  ^^J^f  —  to  ti  eu^lt  in  th'e  opposite  direction 

gist  in  theur  application  to  absorption.    While  ^^^^  *  J  '   ^1     1,   ieal  principles, 

of  physiological  absorption  cannot  as  yet  ^J^^^^^^^f^^^.^.^are  LvoL       this  pro- 
it  is  nevertheless  important  to  --^•^-^..^^J;'^,^^^^^^^^^^^^     phenomena  of  endosmosis, 
cess    With  this  end  in  view,  we  shall  study  tne  pnyMua  i 
chiefly  with  reference  to  their  P^^^'  jologjcal  apph^^^^^^^^^  ^^^^^^^^^ 

It  is  now  definitely  ascertained  that  the  loliowmg  ouu 
operation  of  endosmosis  and  exosniosis :  j^terposed  membrane,  or,  in  other 

1.  That  both  liquids  be  capable  of  /r°""f    '  K  tat  one  of  the  liquids 
words,  that  the  membrane  be  ^^V^"^'' ^^^^l  ^^^^^^^ 

can  wet  the  membrane,  the  current  can  t^^t^P^^^^^^^^      \^  differently  constituted.    Al-  • 

2.  That  the  hqoids  be  nnscible  wi  h      h  ottier  .  ^ 

though  it  is  found  that  the  currents  "^^^^^  ^^^^^^^^^^^  ^ill  take  place  between  solutions 
sities!  this  condition  is  not  ^f^l'^^f^^l^^^^^^^^  when  they  have  precisely  the 

of  different  substances,  such  as  salt,  su^ar, 

same  density.  ,    j  endosmosis  can  now  be  more  fully 

The  physiological  ^PP^f^.^T^i^lbove  conditions  are  fulfilled  whenever  absorption 
appreciated,  as  it  is  evident  that  the  above  ^^-ei,  tas  been  specially 

tls  place,  with  the  single  ^-^P^°^jJ^f  ^.flLolved  or  liquefied  before  they  are  ab- 
considered.    For  example,  all  substances  are  a  ^^^^^  blood-vessels 

::rbed,  and,  in  this  condition,  ^^^^ JJ^^f  ^g^^  plasma  of  the  blood.  What 
All  the  liquids  absorbed  are  capable,  "J     ^^^^^i^r  of  albumen  in  endosmotic  ex- 

makes  this  application  stiU  more  comp^^^^^^^^^  ^  predominance  of  the 

periments.    In  physiological  -}>''f^'^^Z^^^^^  or  exosmosis,  of  the  albuminoid 

endosmotic  current,  and  there  ^^-^^^'^^^Z,  there  is  a  constant  absorption  of  albu- 
constituents  of  the  blood.    On  the  other  han  ^.^^.^  ^^,,ers  of  the  blood. 

nJnose,  which  is  destined  to  be  ^^^^^^f  out  clearly  by  Dutrochet,  that  a  bn- 

Eecognizing  the  fact,  which  ^ as  indeed  po  ^^^^^^^  ^^^^  other 

men  is  capable  of  inducing  a  more  powerful  endo  membranes  in  the  exosmotic 

hquid,  it  has  been  shown  that  it  never  ^^^^^^^^^  ^/ ,,^,,t^on  into  albuminose  or 
curreit;  but  that  '^^buminoids,^  after  tra^tom  J  ^^^^^anes  with  great  facility 
albumen  mixed  with  gastnc  juice,  pa    ^b  ^^^g^  ^^.^  ^^^^  eonclusive  and  are 

The  experiments  by  which  these  f^^^^/^'^o^^^emoving  part  of  the  shell  of  an  egg,  so 
of  the  'highest  physiological  ^„g?,^^pure  water,  the  passage  of  water  into 

as  to  expose  its  membranes  and  mineising  ^.^^^^^^^  membranes;  but, 

the  egg  was  rendered  C      ^linc  and  the  appropriate  tests  revealed 

although  the  ^^o.n^^:^^rZ:^l^  the  egg,  the  presence  of  albumen 
the  presence  of  some 'Of  the  morfcauii. 
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could  never  be  detected.    When  the  contents  of  the  egg  were  replaced  by  the  serum 
of  the  blood,  the  same  result  followed.    "  After  six  or  eight  hours  of  immersion,  the 
serum  had  yielded  to  the  water  in  tlie  vessel  all  its  saline  elements,  chlorides,  sulphates, 
phosphates,  which  were  easily  recognized  by  their  peculiar  reactions,  but 
not  an  atom  of  albumen." 

A  very  simple  apparatus  for  illustrating  endosmotic  action  can  be  con- 
structed in  the  following  way :  Eemove  carefully  a  circular  portion, 
about  an  inch  in  diameter,  of  the  shell  from  one  end  of  an  egg,  which 
may  be  done  without  injuring  the  membranes,  by  cracking  the  shell  into 
small  pieces,  which  are  picked  off  with  forceps.  A  delicate  glass-tube, 
about  six  inches  in  length,  is  then  introduced  through  a  small  opening  in 
the  shell  and  membranes  of  the  other  end  of  the  egg,  and  is  secured  in  a 
vertical  position  by  wax,  the  tube  penetrating  the  yolk.  The  egg  is  then 
placed  in  a  wine-glass  partly  filled  with  water.  In  the  course  of  half  an 
hour  or  an  hour,  the  water  will  have  penetrated  the  exposed  membrane, 
and  the  yolk  will  rise  in  the  tube. 

Influence  of  Membranes  tipon  Osmotic  Currents. — The  force  with 
which  liquids  pass  through  membranes,  called  endosmotic  or  osmotic 
force,  is  to  a  great  degree  dependent  upon  the  influence  of  the  mem- 
branes themselves.  This  influence  is  always  purely  physical,  in  experi- 
ments made  out  of  the  body ;  and  physiological  absorption  can  be  ex- 
plained, to  a  certain  extent,  by  the  same  laws.  It  must  be  remem- 
bered, however,  that  the  properties  of  organic  structures,  which  are 
manifested  only  in  living  bodies,  are  capable  of  modifying  these  physical 

phenomena  to  a  remarkable  degree.    For  example,  all  living  tissues  are   

capable  of  selecting  and  appropriating  from  the  nutritive  fluids  the  ma-  ^^s- 97.— ^ccjaj-e- 

j_i    •  .  pared  so  as  to  il- 

tenals  necessary  tor  then-  regeneration ;  and  the  secretmg  structures  of  itish-ate  mdoa- 
glands  also  select  from  the  blood  certain  principles  which  are  used  in 
the  formation  of  their  secretions.  At  the  present  day,  these  phenomena  and  their  modi- 
fications through  'the  nervous  system  cannot  be  fully  explained.  This  is  true,  also,  of 
many  of  the  phenomena  of  absorption  and  their  modifications,  which  are  probably  de- 
pendent upon  the  same  kind  of  action.  In  view  of  these  imdoubted  facts,  the  Influence 
of  the  structures  through  which  liquids  pass  in  physiological  .absorption  may  be  divided 
as  follows:  first,  into  physical  influences,  which  maybe  illustrated  by  endosmotic  ex- 
periments with  organic  membranes  out  of  the  body ;  and  second,  modifications  of  these 
phenomena,  which  are  presented  only  in  the  living  organism. 

Numerous  experiments  have  demonstrated  that  both  the  endosmotic  and  the  exos- 
raotic  current  may  be  produced  by  using  a  porous  instead  of  a  membranous  septum, 
though  then  they  are  always  comparatively  feeble.  The  phenomena  thus  presented  are 
to  be  explained  entirely  by  the  laws  of  capillary  attraction  and  of  the  difi"usion  of  liquids. 
These  laws  would  enter  largely  into  the  explanation  of  the  passage  of  liquids  through 
animal  membranes,  if  it  could  be  demonstrated,  or  even  rendered  probable,  that  these 
membranes  are  invariably  porous,  or  provided  with  capillary  openings.  It  will  be  neces- 
sary, however,  to  study  this  question  very  carefully  and  to  examine  all  the  properties  of 
animal  membranes,  both  within  and  without  the  living  organism. 

In  the  first  place,  is  there  any  proof  that  all  membranes  which  will  admit  the  passage 
of  liquids  are  porous?  This  is  a  most  important  question ;  and  it  lie?  at  the  foundation 
01  the  explanation  of  the  phenomena  of  endo'smosis  by  the  laws  of  capillary  attraction. 

In  all  membranes  which  possess  an  anatomical  structure  discoverable  by  the  micro- 
scope, there  are  undoubtedly  interstices  between  the  fibres,  cells,  etc.,  of  which  the  tis- 
sue IS  composed;  but,  on  the  other  hand,  animal  membranes  generally  liave  a  layer  like 
me  basement-membranes  of  mucous  tissues,  which  is  absolutely  homogeneous  and  struct- 
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neai-ly  liomogeneoiis.    lake,  to  example,  i  ,         -fl^jg  membrane  is 

.bich  the  greatest  part  of  if  ^  ^   SeTy  1"  Ls,  with  the  exception  of 

from^to  ^o.  an  r^^^  th^  aTsumpLn  that  invisible  capillary  orifices 

the  liuiBg  epithelium  with  ^     ^^.^^         the  so-called  stomata,  is  purely 

exist  in  these  th iu,  ^"^"^^0^  which  could  lead  to  such  a 

hypothetica  and  is  -J^^^^^^J^^  J.^nl  can  be  penetrated  by  liquids.  . 
supposition  is  the  fact  that  these  ^^"^^^^  explanation  ot  endosmosis 

"^It  is  manifestly  unphilosophical  and  '^^^'^^^  *°  '    ,     ort  in  the  exist- 

through  structureless  niembranes  an  ^TPO^^l^^^^^  This  Jode'if  reasoning  is  all 
ence  of  the  phenomena  which  it  is  ^losmos^  are  very  far  from  being  completely 
the  more  unsound,  as  the  phenomena  '^^jtrf  mi'nic  structures,  which  bear  directly 
understood,  and  as  many  '-^Vort.n  .vro^'^^^^^^  example,  physiological  absorp- 

upon  the  question  under  consideration,  ^^'J^'^^knov^n  phy  ical  laws.    It  undergoes 
tion  does  not  always  take  place  ^'^/'^^jt  /xoll  ned  on  the  supposition  that  the  Uquids 
modifications  which  can  at  present  only  be  ^^V}^'^'^^  ^  and  partake  of  their  peculiar 
become,  for  the  time,  part  of  the  ^-^^  ^^^  ^f  ^^'^ 
properties;  one  of  them,  the  property  constitution  and  regenera- 

organic  and  the  morganic  principles  J^^.*;;^ "  ^'^^l,,,,,  ignorance  of  its  essen- 

tion,  is  called  by  ^ome,  vital;  a  word  which^^^^ 

tial  character.    It  must  be  ^"'1^^^*°°^' ^^^ion  but  onlv  to  certain  of  its  unexplained 
general  phenomena  of  endosmosis  or  absorption,  but  oniy 

modifications.  .  wbipb  is  icrnored  by  those  who  explain 

A  most  important  property  of  organic  bygrometricity.    All  the 

absorption  on  the  principle  of  -P^"-^  f  ^^tTabTe  o^^^^^  composi- 
organic  nitrogenized  proximate  P^^.^/P^^^^^^J^ion  The  water  which  enters  into  their 
tion  by  desiccation  and  of  ^ i^  n  e^^^^^^^^        the  tissue,  but,  in  the  case  of 

composition  is  not  necessarily  contained  in  inters^^^^^^^  .^^  ^.^^^^^ 

structureless  parts  especially  is  ™  f^.^^^f^^  part.    This  action  of 

throaghout  the  organic  substance,  j'"^^ ^^^Xg like  the  diffusion  of  liquids;  the 
certain  liquids  upon  the  organic  ^T^^^f  y.YcHslSsed  in  the  semisolid,  the  semisohd 
difference  being  that  it  is  the  liquid  only  ^^^"'^^^  ^  ^^^^^  that  aU  liquids  are  not 
being  incapable  of  diffusing  in  ^f.^"^''-  .^^^^.'^^^I^bibe  different  liquids  with  dif- 
equJly  subject  to  capillary  f  ^'/^^^  urin  a  Bieasure  for  the  variations  m 
ferent  degrees  of  activity;  a  fact  which  will  account 

the  endosmotic  currents  with  ^^f^^l^'^^'^^^^  imbibition  or  diffusion,  when  it  cannot 
Examples  are  not  wantmg  of  «f  7°^°''' ^^..^sity  in  the  septum.    The  following 
be  assumed  that  there  is  any  ;  ^  I  Le  was  partly  Med  with  a  col- 

experiment  of  Lhermite  fully  illustrates  ^^^^  P°^^^  ^,ter,  and  above  it  a  layer  of 

Ju  of  chloroform;  and  upon  P^^  ^^^^^  T^,,,r  and  passed  to  the  chloroform, 

ether.    The  ether  gradually  penetrated  the  ayer  ot  ^^^^  ^.^^^^^      ^^^^  1 

mingling  with  it.  After  a  cer  am  tun  aU  ^^  ^al  volume.  We  have  repeated  this 
roform  and  the  layer  of  water  retamed  its  on^inai  g^lphuric  acid,  then  a 

experT^ent  with  some  slight       f  ^^^f ^^^Jl^^^N^'Xhol ;  aid,  in  a  very  short 
.    ayer  of  water,  and  finally  a  .^.'^.^.i^'J^rii  mus  above.    A  liquid  septum  is 

time,  the  acid  penetrated  the  -•'^t-;^,^;;'',tr  and  the  explanation  of  the  pT^enomenon 
certdnly  not  porous,  in  any  sense  of       ^o  d^^  ,f  diffusion  o  hqmds,  the 

of  endosmosis  through  liquids        ^J^Tfo  that  they  will  admit  the  molecules 

molecules  of  the  liquids  bsmg  held  togethe  so  tc^b  y 

of  other  liquids  with  which  ^^-^^    J^lt i^^hTffei' ut  septa,  the  foUowing  seem  to  be 

With  regard  to  the  passage  ofJ^^^^V   plv  settled  • 
the  facts  which  can  be  considered  as  definitely  settled . 
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The  cohesive  attraction  of  the  constituent  particles  of  insoluble  solids  is  so  great,  that 
the  entrance  of  fluids  is  impossible,  unless  the  substance  be  porous,  and  this  always 
involves  the  law  of  capillary  attraction;  but,  in  liquids,  the  cohesive  attraction  is  so 
slight  as  to  admit  of  the  penetration  and  diffusion  of  certain  other  liquids. 

^Homogeneous  animal  membranes,  which  are  of  a  semisolid  consistence,  are  capable 
of  imbibing  certain  liquids ;  and  any  liquid  which  can  pass  into  such  membranes  will 
pass  through  them  under  proper  conditions.  The  cohesive  attraction  of  the  particles  of 
the  membrane  is  not  such  as  to  allow  them  to  imbibe  an  indefinite  quantity  of  any  liquid ; 
but  it  is  one  of  the  distinctive  properties  of  organic  tissues,  that  a  limited  quantity  of 
liquid  can  be  taken  up  in  this  way. 

In  view  of  these  facts,  it  is  not  necessary  to  assume  the  existence  of  infinitely  small 
capillary  openings  in  homogeneous  membranes  through  which  osmotic  currents  can  he 
made  to  take  place,  in  order  to  explain  the  mechanism  of  these  currents.  In  the  case  of 
two  liquids  capable  of  diffusing  with  each  other  and  separated  by  an  animal  membrane, 
the  mechanism  of  the  endosmotic  and  exosmotic  currents  is  very  simple.  In  the  first 
place,  the  membrane  imbibes  both  the  liquids,  but  one  is  always  taken  up  in  greater 
quantity  than  the  other.  If  water  and  a  solution  of  common  salt  be  employed,  the  sur- 
face of  the  membrane  exposed  to  the  water  will  imbibe  more  than  the  surface  exposed  to 
the  salme  solution  ;  but  both  liquids  will  meet  in  its  substance.  The  first  step,  therefore, 
in  the  production  of  the  currents  is  imbibition.  Once  in  contact  with  each  other,  the 
liquids  diffuse,  the  water  passing  to  the  saline  solution,  and  vice  versa.  This  takes  place 
by  precisely  the  same  mechanism  as  that  of  the  passage  of  liquids  through  porous  septa. 

The  osmotic  currents  may  be  modified  with  the  same  liquids  by  using  different  mem- 
branes. This  fact  was  well  illustrated  in  some  of  the  experiments  of  Matteucci  and  Cima, 
in  which  comparative  observations  were  made  upon  the  currents  through  the  skin  of  the 
torpedo,  the  skin  of  the  frog,  and  the  skin  of  the  eel.  Tlie  results  obtained  with  these 
different  membranes  showed  marked  and  constant  variations.  The  same  observers, 
using  the  mucous  membrane  of  the  stomach  of  the  lamb,  found  a  marked  difference  in  the 
endosmotic  phenomena  when  the  surface  exposed  to  the  water  was  reversed.  In  two 
experimenrs,  with  the  epithelial  surface  of  the  membrane  turned  toward  the  interior  of 
the  endosmometer,  the  elevations  of  the  liquid  in  an  hour  and  a  quarter  were  forty- 
four  and  fifty-six  millimeters;  but,  with  the  membrane  reversed,  so  that  the  attached  sur- 
face was  turned  toward  the  interior,  the  elevations  during  the  same  period  were  sixty-six 
and  seventy-two  millimeters.  This  difference  is  readily  explained  by  the  difference  in  the 
constitution  of  the  two  surfaces  of  the  membrane  used.  From  these  facts,  it  is  evident 
that,  while  the  diffusion  of  liquids  as  they  meet  in  the  substance  of  a  membrane  is  the 
actual  cause  of  the  osmotic  currents,  which  are  continued  as  the  liquids  drffuse  with  each 
other  upon  either  side  of  the  membrane,  the  determination  of  a  predominating  or  endos- 
motic current,  the  ordinary  conditions  being  undisturbed,  is  effected  by  the  greater  at- 
tractive force  which  the  membrane  exerts  upon  one  of  the  liquids. 

Influence  of  Different  Liquids  upon  Osmotic  Currents. — The  action  of  the  liquids  be- 
tween which  endosmotic  currents  take  place  is,  as  we  have  seen,  most  intimately  con- 
nected with  the  force  by  which  the  liquids  enter  the  membrane,  be  it  capillary  attraction 
or  imbibition ;  but  the  attractive  force  exerted  by  the  membrane  is  never  capable,  in  itself, 
of  producing  a  current.  It  is  evident,  therefore,  that 'the  properties  of  the  liquids  must 
have  an  important  influence  upon  osmosis,  both  from  differences  in  the  attraction  of  the 
membrane  for  the  liquids  and  their  different  degrees  of  diffusibility.  In  order  to  appre- 
ciate fully  all  the  physical  phenomena  of  osmosis,  it  will  be  necessary  to  study  carefully 
the  laws  of  diffusion  of  liquids  and  the  diffusibility  of  different  solutions  ;  hut  it  will  be 
sufficient  for  our  present  purpose  to  state  a  few  general  propositions,  which  will  be  found 
more  or  less  applicable  to  physiological  absorption. 

When  two  liquids,  capable  of  mixing  with  each  other,  are  brought  together,  they 
diffuse  with  greater  or  less  rapidity,  until  the  constitution  of  the  mixture  becomes  uniform. 
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Different  liquids  possess  widely  different  degrees  of  diffusibility ;  and  as  a  rule  in 
sali^lthtns!the  L  of  diffusion  increases  in  ^oportion  to  t  -  th  o  the  solu 

^^i"^^^^^^^^^  oxperinaent  and  will  progressives,  as  the 

..  ™tm.m  md  the  two  liquids  assamo  a  more  nearly  unitorm  density. 
°°'Cr.te  7dXtn  oVdl'en.  solutions  i.  generally  increased  by  a  tnoderate  el.™- 

SSri-uld^sltion^^^^^^^^ 

intensity  any  given  liquid,  P^';/!,^  f  ^.       -^^  an  endosmometer,  may  be 

'""irtr::  :C:i:,fa™'r:any  ..eepti„»,  pure  water  will  penetra.  ani^ 
,nal  LUt':  more  readily  than  any  other  ^^^J^^;;:^  'ZZ 
water  to  the  liqaid  eo.tuined  in  the  *°  J™™?,  ' 

takes  place.    Liquids  like  aieohol  sa  me        ;»»■•»  '^^j^'^t,^^^^^^^  ta'  the 

said  to  he  positiyel,  ^«''''V''°T  l7oehL  J  a^rh^  of  pl"l-"». 

opposite  direetiou,  such  a.  o.ahc  arf,  ^,  Jj^f  ;™  ^''^  „,th  different  liquids, 

r.L"xreLrrri& 

pression  in  its  level. 

Applications  of  Physical  Laws  to  the  Function  of  Absorption. 
Tn  no  experiments  performed  out  of  tlie  body,  can  the  conditions  favorable  to  the 
pas  a,e  of  ^qu  trough  membranes  in  accordance  with  purely  pbysical  laws  be  resized 
passage  oi/iquiu          b  ^  ^^^^^^  of  tbe  absorbing  surfaces ;  the  great 

TrtVand  permeSy  of  the  membranes;  the  rapidity  with  which  principles  are  car- 

n'b;  thft^itt'^^^^      circulation,  as  soon  as  they  pass  tl-.l^.^^!~^^^^ 
the  uniformity  of  the  pressure,  notwithstanding  the  penetration  ^j!^^^ 
the  physical  phenomena  of  absorption  m  a  way  wb.ch  ca-    be  ^^^l^^J^^ 
constructed  apparatus.    It  is  not  necessary  to  -J^^^^^^^^jf  ^^P^^^ed  of  the  laws 
explain  the  ordinary  phenomena  of  absorption.    Enough  has  been  ^earne 
wh^cb  regulated  endosmosis  and  exosmosis  to  enable  us  to  explain  ^^'^^^ ^^^^^^^f^^^^ 
"u'pon  physical  principles.    ™b  fact  has  been  apparent  m 
pies  in  their  relation  to  absorption  in  the  Imng  body  ;  bnt  it  is      ^P"''*;  . j^^l 
Ttermine  whether  this  be  applicable  to  -"f  .f  ^  ^  ^ 

sorption.    In  other  words,  are  there  any  modifications  m  this  function 
vet,  be  explained  by  physical  laws?  ^f;„„  tnVPs  place  in  accordance 

'    AdmitLg  the  fact  that  the  general  process  o  ^^'^''^'''^ '^'^l'^^^^^^  ,.Weh  ap- 
with  the  laws  of  endosmosis,  we  shall  -^'^^Y^^ /^^^ti^J'Srapplication  of 
pear  to  be  in  opposition  to  known  physical  prmc.ples,  or  in    hich         1 P 
these  principles  seems  to  be  imperfectly  understood.  ^^^^.^ 

It  Is  not  easy  to  understand  how  particles  o  ^^^^'f^^Jf^^^^^^  of  orifices, 

the  walls  of  the  lacteals  and  Wood-vessels,  imless  .  adm,^^^^ 
such  as  have  been  described  by  recent  anatomists,    ^ho   xpeiimei  ^^^^^^ 
alkaline  emulsions  seem  to  show  that  alkalmity  is  a  condition  nece.sa  y 
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tion  of  fatty  particles,  althougli  they  do  not  ofler  au  explanation  of  the  mechanism  by 
^vhich  these  particles  pass  through  membranes.  It  has  been  demonstrated  that  the  epi- 
thelium which  covers  these  membranes  becomes  filled  with  fatty  granules  durmg  the 
ahsorotion  of  emulsions,  and  some  physiologists  invoke  the  aid  of  "  cell-actiou,"-con- 
Lrnin-  which  it  must  be  confessed  that  there  exists  very  little  definite  informat,on-m 
exDlanation  of  this  phenomenon.  The  penetration  of  fatty  particles  through  membranes 
must  be  regarded  as  one  of  the  points  which  cannot  bo  explained  by  the  laws  of  endos- 

There  are  certain  experiments  on  absorption  in  the  living  body,  to  which  a  great  deal 
of  importance  was  attached  by  Longet,  which  are  seemingly  in  opposition  to  physica 
laws  This  author  states  that,  when  solutions  of  sugar  of  diflerent  densities  are  secured 
in  isolated  portions  of  the  intestine  of  a  living  animal,  the  denser  solutions  are  absorbed 
with  as  much  rapidity  as  those  which  are  less  concentrated.  He  also  shows  that  sahne 
solutions  of  greater  density  than  the  blood  are  absorbed  in  the  Imng  animal,  when, 
according  to  physical  laws,  the  cm-rent  should  take  place  in  the  opposite  direction.  The  . 
view  that  these  facts  are  in  opposition  to  physical  laws  is  very  successfully  controverted 
by  Milne-Edwards.  This  author,  referring  to  some  experiments  by  Von  Becker  in  sup- 
port of  his  position,  asserts  that  there  is  first  an  exosmosis  of  the  watery  portions  of  the 
blood  to  these  dense  solutions,  with  a  feeble  penetration  of  the  solutions  mto  the  blood- 
vessels, until,  by  the  laws  of  diffusion,  the  solutions  become  so  diluted  as  to  be  readily  taken 
into  the  circulation.  Such  an  action  as  this  could  not  take  place  between  two  sahne 
solutions  in  an  endosmometer,  for  both  the  currents  would  be  equal  when  the  liquids 
became  of  equal  density ;  but  it  has  been  shown  that,  after  endosmosis  in  an  endosmome- 
ter has  ceased,  it  may  be  again  induced  by  simply  agitating  the  liquids.  In  physiological 
absorption,  the  motion  is  constant  and  very  rapid,  and  solutions  in  their  passage  along  the 
alimentary  canal  are  continually  exposed  to  fresh  absorbing  surfaces.  Farthermore,  the 
albuminoid  matters  of  the  blood,  which  are  very  slightly  exosmotic,  will  attract  an  en- 
dosmotic  current  from  liquids  even  when  they  are  of  the  same  density.  The  kind  of 
action  described  by  Milne-Edwards  would  be  by  no  means  an  isolated  example  of  a 
liquid  passing  out  of  the  blood-vessels  to  be  again  absorbed  after  it  has  acted  upon  mat- 
ters contained  in  the  alimentary  canal.  This  takes  place  with  aU  the  digestive  fluids ; 
and  the  liquid  is  effused,  not  by  simple  exosmosis,  but  by  an  act  of  secretion  excited  by 
the  impression  made  upon  the  mucous  membrane.  We  are  not  justified,  therefore,  in 
assuming,  with  Longet,  that  the  absorption  of  solutions  of  greater  density  than  the  blood 
is  always  in  opposition  to  the  laws  of  endosmosis. 

The  imbibition  of  the  coloring  matter  of  the  bile  by  the  coats  of  the  gall-bladder 
after  death,  whUe  nothing  of  the  kind  takes  place  during  life,  is  not  due  to  the  absence 
of  so-called  vital  action.  During  life,  the  circulation  in  the  mucous  membrane  of  this 
reservoir  would  readily  remove  the  few  particles  of  coloring  matter  which  might  pene- 
trate from  the  bile,  and  of  course  there  is  no  time  for  any  coloration  to  take  place. 

In  treating  of  the  variations  and  modifications  of  absorption,  we  noted  an  apparent 
elective  power  in  the  mucous  membrane  of  some  portions  of  the  alimentary  canal.  This 
is  illustrated  in  the  failure  of  the  mucous  membrane  to  absorb  woorara  and  various  of 
the  animal  poisons,  which,  as  a  rule,  produce  their  effects  only  when  introduced  into  a 
wound  or  injected  into  the  areolar  tissue.  The  separatwn  of  various  soluble  substances  by 
the  process  known  as  dialysis  may  throw  some  light  upon  this  subject,  but  as  yet  we  have 
no  facts  which  offer  a  satisfactory  explanation  of  this  phenomenon.  Certain  of  these  phe- 
nomena which  show  an  apparent  elective  power  in  absorbing  membranes  are  probably 
due  to  a  cell-action  resembling  secretion  ;  for  all  these  surfaces  are  covered  with  epithe- 
lium, which  must  be  penetrated  before  the  fluids  can  get  to  the  blood-vessels.  But,  even 
with  regard  to  the  selection  of  materials  from  the  blood  to  form  secretions,  very  little  of 
a  definite  character  is  known. 

Those  who  believe  that  absorption  is  often  modified  by  so-called  vital  action  offer  this 
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in  explanation  of  the  important  influence  of  the  nervous  system  upon  this  function.  Pre- 
cisely how  tlio  nervous  system  afifects  absorption,  in  all  instances,  it  is  impossible,  in  the 
present  state  of  our  knowledge,  to  determine  ;  but  modifications  are  frequently  efiected 
through  the  sympathetic  nerves.  These  nerves,  as  is  well  known,  are  capable  of  pro- 
ducing important  local  changes  in  the  circulation,  and  can  even  temporarily  arrest  the 
capillary  circulation  in  some  parts ;  and  it  is  in  this  way  that  many  of  the  variations  in 
absorption  may  bo  produced. 

Lymph  and  Chyle. 

To  complete  the  history  of  physiological  absorption,  it  will  he  necessary  to  treat  of 
the  origin,  composition,  and  properties  of  the  lymph  and  chyle.    It  is  only  within  a  few 
years  tliat  physiologists  have  been  able  to  appreciate  the  importance  of  the  lymph,  for 
the  experiments  indicating  the  enormous  quantity  of  this  liquid  which  is  continually 
passin-  into  the  blood  are  of  recent  date.    The  earUer  experimenters  never  succeeded  m 
obtaining  more  than  a  small  quantity  of  fluid  from  the  lymphatic  system.    On  the  other 
hand  for  the  long  period  during  which  it  was  supposed  that  aU  the  products  of  diges- 
tion entered  the  system  by  the  thoracic  duct,  the  importance  of  the  chyle  was  much 
exaggerated :  but  the  researches  upon  intestinal  absorption  by  Magendie  and  those  who 
followed  him,  and  the  experiments  of  Colin  on  the  quantity  of  fluid  wliicl.  passes  mto 
the  blood  by  the  thoracic  duct  during  the  intervals  of  digestion,  have  enabled  physiologists 
to  form  a  better  estimate  of  the  importance  of  the  lymph  and  chyle.    In  studying  the 
properties  of  these  fluids,  the  consideration  of  the  lymph  naturally  precedes  that  of  the 
chyle,  as  the  latter  consists  simply  of  lymph,  to  which  certain  of  the  products  of  diges- 
tion liave  been  added  by  absorption  from  the  alimentary  canal. 

^^X^^  or  by  exp^mg  -^^^^Z^~ 
duct  and  collecting  the        Xtlnti  ^o  chJl^cL^^^^^^^^         from  the  thoracic  duct 

tity  of  fluid  during  the  intervals  ^'J^^^^^' o7^^^  it  normal  characters,  from  the 
selves  for  obtaining  ^^-P^^'  ^J^.f^^^  ^/^.^  S  tances,  there  existed  some  pathologi- 

"^Z^^^  ^  — ^^^"^  '''' 

obtained  was  in  a  perfectly  healthy  ^ere  obtained  in  quan- 

The  first  successful  experiments  m  which  ^^^^^11^"^^  {  ^^^^^  particularly 
tity  were  made  by  Colin.  This  o^^'XTiSng  tS^  hoSciTduct  ;rar  its  junc- 
the  ruminants,  experienced  no  gi-eat  difficulty  '^''^^'^c  tube  of  sufficient  size  to  allow 
tion  with  the  subclavian  vein  and  -^^^^^-^^J  ^^^f "  ^'l^^^  and  the  larger  rumi- 
the  free  discharge  of  fluid.    These  J^/of  hquids  (lymph  and  chyle) 

pants,  were  the  first  to  g  ve  any  clear  ^^^^  ^ ^Ir^'^^,^  ^^eow  of  medium  size,  he 
which  pass  through  the  thoracic  duct.  ll^'^ZTr.  enormous  quantity  of  105-3  lbs. 
succeeded  in  collecting,  in  the  course  of  t^f  7^^'  '^ch  greater  amount  can  be 
av.  (47,963  grammes) ;  and  he  farther  ^-^es  tha  a  veu  r- g.^  ^ 

the  animal  fluids.  discharged  from  the  thoracic  duct,  which 

Among  the  observations  upon  l  e  fluids  ^^^^^^^f^^      ^^^^^^  1859,  by  Dal- 

followed  the  experiments  of  Cohn,  the  °^°f  v°^^^^  animals.    These  experiments 

ton,  who  operated  upon  carnivorous  as  well  as  lieibivorous  anima 
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w«v^  norformed  ucon  young  goat8  and  dogs,  and  the  general  resulls  with  regard  to  the 
rit^  f  r'lsTchargel^  eorresponded  with  those  obtained  hy  Colin.  The 
onera  ion  of  making  the  fistula  in  goats  is  not  very  difficult,  all  that  is  necessary  being 
to  eat  down  ^on  the  subclavian  vein  at  the  point  where  the  duct  empties  into  it  and  to 
fix  in  i  a  tube  of  appropriate  size ;  but,  in  dogs,  the  vessels  are  more  deeply  situated,  and 
the  op  rttiv  procedure  is  much  more  tedious.  This,  however,  is  the  only  way  in  which 
lymph  and  chyle  can  be  obtained  from  the  lower  animals  m  any  considerable  quantity. 

Quantity  of  Xymi^A.-Although  the  experiments  just  described  might  at  first  seem 
suffident  to'giie  a  pretty  clear  idea  of  the  entire  quantity  of  lymph  discharged  into  the 
venous  system,  it  is  evident  that  the  conditions  of  the  circulation  ot  his  fluid  must  be  so 
seriously  modified  by  the  establishment  of  a  fistula,  that  the  results  thus  obtained  are  far 
;  m"  lg  entirely  Satisfactory.  In  the  first  place,  Colin  found  that  the  canal,  at  its 
unction  with  the  subclavian  vein,  was  seldom  single ;  and,  in  many  of  his  observations 
in  which  a  very  large  quantity  of  liquid  was  obtained,  there  were  several  vessels  of  nearly 
equal  size  emptying  into  the  venous  system.  In  the  experiment  to  winch  we  have 
referred,  however,  the  opening  was  single ;  and  the  quantity  of  fluid  obtamed  represented 
all  that  passed  up  the  thoracic  duct  during  the  time  that  the  observation  was  continued. 
As  we  should  naturally  expect,  the  discharge  of  liquid  was  subject  to  certain  variations, 
its  maximum  corresponding  with  the  period  of  greatest  activity  in  digestion  and  absorption. 

It  is  not  possible  to  estimate  the  influence  of  the  unobstructed  discharge  of  lymph 
and  chyle  by  a  fistulous  opening  upon  the  absolute  quantity  which  passes  out  of  the 
canal ;  and,  in  the  natural  course  of  the  circulation,  there  is  a  certain  amount  of  obstruc- 
tion to  its  entrance  into  the  vein,  which  might  sensibly  retard  the  current. 

Accordmg  to  the  estimates  of  Dalton,  deduced  from  his  own  observations  upon  dogs 
and  the  experiments  of  Colin  upon  horses,  the  total  quantity  of  lymph  and  chyle  pro- 
duced in  the  twenty-four  hours  in  a  man  weighing  one  hundred  and  forty  pounds  is  from 
six  to  six  and  a  half  pounds.  And,  again,  reasoning  from  experiments  made  upon  dogs 
eighteen  hours  after  feeding,  when  the  fluid  which  passes  up  the  thoracic  duct  may  be 
assumed  to  be  pure,  unmixed  lymph,  the  total  quantity  of  lymph  alone,  produced  in  the 
twenty-four  hours  by  a  man  of  ordmary  weight,  would  be  between  three  and  a  half  and 
four  pounds  (3-864  lbs.).  These  estimates  can  only  be  accepted  as  approximative,  and 
they  do  not  indicate  the  entire  quantity  of  lymph  actually  contained  in  the  organism.^ 

There  are  no  very  satisfactory  recent  researches  with  regard  to  the  physiological 
variations  in  the  quantity  of  lymph.  Collard  de  Martigny  made  a  series  of  elaborate 
investigations  a  number  of  years  ago,  with  regard  to  the  effects  of  starvation  upon  the 
constitution  and  the  quantity  of  the  lymph.  He  found  the  lymphatics  always  distended 
with  fluid  in  dogs  killed  after  two  days  of  total  deprivation  of  food.  This  condition  con- 
tinued during  the  first  week  of  starvation ;  but,  after  that  time,  the  quantity  in  the  ves- 
sels gradually  diminished,  and,  a  few  hours  before  death,  the  lymphatics  and  the  thoracic 
duct  were  nearly  empty.  In  comparing  the  quantity  of  fluid  in  the  lymphatics  of  the 
neck  during  digestion  and  absorption  with  the  quantity  which  they  contained  soon  after 
digestion  was  completed,  the  same  observer  found  that,  while  digestion  and  absorption 
were  going  on  actively,  the  vessels  of  the  neck  contained  scarcely  any  fluid ;  but  the 
quantity  gradually  increased  after  these  processes  were  completed. 

Properties  and  Composition  of  Lymph.— Ljmph  taken  from  the  vessels  in  various 
parts  of  the  system,  or  the  fluid  which  is  discharged  from  the  thoracic  duct  during  the 
intervals  of  digestion,  is  either  perfectly  transparent  and  colorless  or  of  a  slightly  yellow- 
ish or  greenish  hue.  When  allowed  to  stand  for  a  short  time,  it  becomes  faintly  tinged 
with  rod,  and  frequently  it  has  a  pale  rose-color  when  first  discharged.  Miscroscopical 
examination  shows  that  this  reddish  color  is  dependent  upon  the  presence  of  a  few  blood- 
corpuscles,  which  are  entangled  in  the  clot  as  the  lymph  coagulates,  thus  accounting  for 
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the  deepening  of  the  color  when  the  fluid  has  been  allowed  to  stand  The  origin  of  these 
tne  aeepeninfc  oi  „„Ki„pt  nf  discussion    Their  constant  presence  in  lymph 

red  corpuscles  has  long  been  a  subject  of  di  cu  Mon  i 

or  chyle  discharged  by  fistulous  opemnp^^^^^^  ^J^^^^  ^^^^^ 

constituents  of  these  fluids ;  and  this  vie  v  ^^^^  ^^'^'J  ^^^.^^  ,orvuso\e.,  or  leuco- 

who  assume  that  t^^J.  -d.or^^^^^  '^^IT.llts  of  the  Jlood  be  adopted, 
cytes.  It  this  view  of  ™  J^^^^i  not  be  formed  from  the  leucocytes  in 

there  is  no  good  reason  why  '^°;P~^^  ^^^^  particularly  as  the  clear  fluid  of  the 
the  lymph  and  chyle  as  ^^^^  ^  ^^^^^X^^^^^^^  found  in  the  plasma  of  the  blood.  On 
lymph  and  chyle  ^^^'^ZTlIi^s  r^^^^^^^^  of  red  Lrpuscles  as  always  acci- 

the  other  hand  ^^itV^tC  SS^^  briugs  forward  the  fact  Jhat  red  corpuscles  are 
;  "J'  n  3  1 1  n^^^^^^^^  i-l'^^^^  two  ligatures 

is  c'tainly  fvty  U^^^^^  against  the  constant  and  normal  existence  o  red 

J^^uX  inte  lympV  parLlarly  as  the  — n^-e^^^^^^^^^ 

rrrn  ti^I^S  -^"vrevitcl^^rfoi^^^  cor^ 

^crf^omit^^Ves;  and  ifitbetL 

Len  from  a  portion  of  a  lymphatic  ij^f      ^f^^  "e  1  a'ccidenLl,  and  that 

assume  that  the  presence  of  these  corpuscles  in  lymph  and  cnj 

they  are  always  derived  from  the  blood  ^^^.^^     ^^^^^^  ^^-^^ 

Lymph  has  no  decided  or  characteristic  odor.  It  ^ J^^^  ^  y  Magendie 
almo^sipid.  Its  specific  gravity  is  much  ower  ti  n  ^  the ^^^^  .^^ 
found  the  specific  gravity  m  the  dog  ^q^q^q  ,ecent  analyses,  by 

gravity  of  the  defibrinated  serum  ^l/jXeL^^^^ 

Dahnhardt,  of  the  lymph  taken  from  ^^^''^.^''t^^^^^^^^  in  the  last  instance 

specific  gravity  was  only  lOOY.  _        -ee^^^^^^^^  The  difficulty 

would  rather  lead  to  the  ^P^^^.^  *  f  ^^.^^jtndi^^^  from  the  human  subject  has  ren- 
in obtaining  this  fluid  m  a  perfectly  even  approximatively ;  but  it 
dered  it  impossible  to  ascertam  ^f.^^^^ft  7/  Se  blood!  The  reaction  of  the 
evidently  possesses  a  density  much  mfenoi  to  that 

lymph  is  constantly  alkaline.  ^         I,       chyle  undergo 

I  few-minutes  after  discharge  from  ^^^^         J'^^  coUecteTfrom  the  thoracic  duct 
spontaneous  coagulation.    According  to  Cohf  ,  ^^^^^^  ^.^^^^^^  ^^^^.^^^ 

in  the  large  ruminants  *^^^f  .^IV^.J^fm^         ^  is  contained.    Cohn  states  that 

a  mass  having  exactly  the  foi-m  of       vessel  m  w  o^taneous  separation  of 

the  clot  is  tolerably  consistent  but  t^^^V'^^tJe  lmph  and  the  chyle  of  the 
serum.    This  may  be  the  fact  with  ^^^^^  ™  ,p,,  dogs  and  goats,  after  a  few 

nants,  but,  in  the  observations  of  f  f  ^^^^^t  „/ginal  L,  precisely  Uke  coagu- 
hours'  exposure,  the  clot  contracted  to  ^^^^^^^^^^^^^^^^  \^  instance,  in  the  dog,  the 
lated  blood,  expressing  a  considerab  e  ^^^-^^^  f  ^'^^^^^  twice  that  of  the  contract- 
volume  of  serum,  after  twenty-four  houi^  onepose^^^^^  ^^^^ 
ed  clot.  Mihie-Edwards,  quotmg  ^^^^^^^^^^^^  does  not  coagulate  in  the  vesse  s, 
Academy  of  Sciences,  in  1858  s  ates  that  tb«  J"  I  ^^^^  ^^^er  ordinary  condi- 

even  when  the  circulation  -  -t-^"Pf  ,  J^^'J^'Ud  by  Flandrin,  that  coagulation 
tions,  when  the  vessels  ^^^^P^^  *^,ted  Ito  t^^^  thoraci^  duct  so  completely  that  he 
obst;ucted  the  tubes  which  he  ^^^^ 

was  able  to  obtain  but  a  small  T^'^'^^^ ^^^^^^  3,,ffiees  to  reestablish  the  flow,  for 
Colin,  who  states  that  "  the  elearmg  of  the  tube  rarely  ^^^^  ^.^^^^^^  .^^^ 

the  coagulum  formed  in  the  tube  ^«  P  the  vessels  during  hfe  if  it  occur 

terior  of  the  thoracic  duct."    ^oagu  ation  o    ymp.^^         ^^^^  ^^^^^^^^^^^ 

nt  all,  must  be  exceedingly  3"*'^  """^ 

is  very  slow  and  irregular,  as  compared  with  tlie  circu 
probably,  to  frequent  interruptions. 
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Although  numorous  analyses  havo  been  made  of  lymph  from  the  human  subject,  the 
conditions''under  which  the  fluid  has  been  obtained  render  it  probable  that,  in  thema- 
iority  of  instances,  it  was  not  entirely  normal.  It  will  be  necessary,  therefore,  to  com- 
pare these  analyses  with  observations  made  upon  the  lymph  of  the  inferior  animals;  as, 
in  the  latter  this  fluid  has  been  collected  under  conditions  which  leave  no  doubt  as  to  its 
normal  chai-acter.  In  the  experiments  of  Colin  especiaUy,  the  fluids  taken  from  the  tho- 
racic duct  during  the  intervals  of  digestion  undoubtedly  represented  the  normal,  mixed 
lymph  collected  from  nearly  all  parts  of  the  body ;  and  the  operative  procedure  m  the 
large  ruminants  is  so  simple  as  to  produce  little  if  any  general  disturbance.  The  follow- 
ing is  an  analysis  by  Lassaigne  of  specimens  of  lymph  collected  by  Colin  from  the  thoracic 
duct  of  a  cow,  under  the  most  favorable  conditions : 

Composition  of  Lymph  from  a  Cow. 

Water   9640 

Fibrin   0-9 

Albumen   28-0 

Fatty  matter   0'* 

Chloride  of  sodium  -   6"0 

Carbonate,  phosphate,  and  sulphate  of  soda   1'2 

Phosphate  of  lime   0"6 

1,000-0 

The  proportions  given  in  the  table  are  by  no  means  invariable,  the  differences  in  coag- 
ulability indicating  differences  in  the  proportion  of  fibrin,  and  the  degree  of  lacteseence 
showing  great  variations  in  the  amount  of  fatty  matters.  The  table  may  be  taken,  how- 
ever, as  a  pretty  close  approximation  of  the  average  composition  of  the  lymph  of  these 
animals,  during  the  intervals  of  digestion. 

The  analysis  of  human  lymph  which  seems  to  be  the  most  reliable,  and  in  which  the 
fluid  was  apparently  pure  and  normal,  is  that  of  Gubler  and  Qu6venne.  The  lymph, 
in  this  case,  was  collected  by  Desjardins  from  a  female  who  suffered  from  a  varicose  dila- 
tation of  the  lymphatic  vessels  in  the  anterior  and  superior  portion  of  the  left  thigh. 
These  vessels  occasionally  ruptured,  and  the  lymph  could  then  be  obtained  in  consider- 
able quantity.  When  an  opening  existed,  the  discharge  of  fluid  could  be  arrested  at  will 
by  flexing  the  trunk  upon  the  thigh.  Gubler  and  Qu6venne  made  elaborate  analyses  of 
two  different  specimens  of  the  fluid,  with  the  following  results : 

Composition  of  Human  Lymph. 

First  analysis.        Second  analysis. 

Water   939-87  934-77 

Fibrin   0-B6  0-63 

Caseous  matter  (with  earthy  phosphates  and  traces  of  iron)  42-75  42-80 
Fatty  matter  (ui  the  second  analysis,  fusible  at  102-3°  Fahr.)  3-82  9-20 
Hydro-alcoholic  extract  (containing  sugar,  and  leaving, 
after  incineration,  chloride  of  sodium,  with  the  phos- 
phate and  the  carbonate  of  soda)   13-00  12-60 


1,000-00  1,000-00 

The  above  analyses  show  a  much  larger  proportion  of  solid  constituents  than  was 
found  by  Lassaigne  in  the  lymph  of  the  cow.  This  excess  is  pretty  uniformly  distributed 
throughout  all  the  constituents,  with  the  exception  of  the  fatty  matters  and  fibrin ;  the 
former  existing  largely  in  excess  in  the  human  lymph,  especially  in  the  second  analysis, 
while  the  latter  is  smaller  in  quantity  than  in  the  lymph  of  the  cow.  It  is  evident,  how- 
ever, from  a  comparison  of  the  two  analyses  by  Gubler  and  Qu6venne,  that  the  composi- 
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tion  of  the  lymph,  even  when  it  is  unmixed  with  chyle,  is  subject  to  great  variations. 
The  caseous  matter  given  by  Gubler  and  Qu6venne  is  probably  equivalent  to  the  albu- 
minous matter  of  other  chemists.  .    ■,  , 

The  distinctive  characters  of  the  different  principles  found  m  the  lymph  do  not  de- 
mand extended  consideration,  inasmuch  as  most  of  tliem  have  already  been  treated  ol  m 
connection  with  the  blood.  In  comparing,  however,  the  composition  of  the  lymph  with 
tliat  of  the  blood,  we  are  at  once  struck  with  the  great  excess  of  sohd  constituents  in  the 

latter  fluid.  .         .    ,  ,  , 

In  all  analyses,  except  those  of  Lh6ritier,  the  organic  nitrogenized  compounds  have 
been  found  to  be  very  much  less  in  the  lymph  than  in  the  blood.  This  is  generally  most 
marked  with  regard  to  the  elements  of  fibrin ;  but,  as  before  stated,  the  proportion  ot 
aU  these  ingredients  is  quite  variable.  On  account  of  this  deficiency,  lymph  is  much  infe- 
rior to  the  blood  in  coagulability,  and  the  coagulum,  when  it  is  formed,  is  soft  and  fria- 
ble. There  does  not  appear,  however,  to  be  any  actual  difterence  between  the  coagulat- 
ing principles  of  the  lymph  and  of  the  blood.  ,          •  .1 

Fatty  matters  have  generally  been  found  more  abundantly  m  the  lymph  than  in  the 
blood ;  but  their  proportion  is  even  more  variable  than  that  of  the  albuminoid  substances. 

Yery  little  remains  to  be  said  concerning  the  ordinary  inorganic  constituents  of  the 
Ivmph  The  analyses  of  Dahnhardt  have  shown  that  nearly  if  not  all  of  the  inorgnmc 
matters  which  have  been  demonstrated  in  the  blood  are  contained  in  the  lymph ;  and 
even  a  small  proportion  of  iron  is  given  in  the  analyses  by  Gubler  and  Qu6venne. 

These  facts  indicate  a  remarkable  correspondence  between  the  composition  of  the 
lymph  and  that  of  the  blood.    All  of  the  constituents  of  the  blood,  except  the  red  cor- 
puscles, exist  in  the  lymph,  the  only  difference  being  in  their  relative  proportions. 
^    In  addition  to  the  constituents  of  the  lymph  ordinarily  given,  the  presence  of  glucose 
and  more  lately,  the  existence  of  a  certain  proportion  of  urea,  have  been  demonstrated 
L  twrfluid.   li  has  not  been  ascertained  how  the  sugar  contained  in  the  lymph  takes  its 
orimn  and  its  function  in  this  situation  is  equally  obscure. 
The  presence  of  urea  in  considerable  quantity  in  both  the  chyle  and  the  lymph  ha 
been  determined  by  Wurtz ;  and  it  is  thought  by  Bernard  that  the  lymph  is  the  prmcipal 
flu  d,  f  not  the  only  one,  by  which  this  excrementitious  substance  is  taken  -V^ro^J^e 
Ses    Although  urea  always  exists  m  the  blood,  its  quantity  is  less  than  m  the  lymph 
tissues.    ^       b  Corpuscular  Elements  of  the  Lymph.— In 

every  part  of  the  lymphatic  system,  in  addition 
to  a  few  very  minute  fatty  granules,  there  are 
found  certain  corpuscular  elements  known  as 
the  lymph-corpuscles.  These  exist,  not  only  in 
the  clear  lymph,  but  in  the  opaque  fluid  con- 
tained in  the  lacteals  during  absorption.  They 
are  now  regarded  as  identical  with  the  color- 
less, globular  corpuscles  found  in  the  blood, 
known  under  the  name  of  wbite  blood-corpus- 
cles, or  leucocytes.  Although  these  bodies 
have  been  pretty  fully  described  in  treating  of 
the  corpuscular  elements  of  the  blood,  they 
present  some  peculiarities  in  the  lymphatic  sys- 
tem, particularly  in  their  mode  of  development, 

ir,a  98  -ofivie  taken  from  the  lacuais  and  tho-  which  demand  consideration. 
^"^■ZTc^atct  JfTdZinal  executed  during       ^he  leucocytes  found  in  tho  lymph  and 

digestion.  (Funke.)  Mwlo  nrA  ritlipr  less  uniform  in  size  and  gen- 

TWs  fienro  shows  the  le)acocytes  and  excessively   chyle  are  ratuer  less  uiuiw  o 

fine  granules  of  fatty  emulsion.  ^^^t^  appearance  than  the  white  corpuscles  or 
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f  ^.«=«ntino-  but  few  granulations  and  an  indistinct  nuclear  appearance  in 
transparent,       ^nbng  but  le    g  ^^^^^  ^^^^^^^^ 

then-  7  7;^b"t  otbe-  -  g  q      ^^^^  ^^^^^^        ^^^^^^^^^^  ^^^^  ^^.^ 

character  in  the  1^™?^^;  iyi^ph„tic  system.    Treated  with  acet.c  acid, 

collected  in  masses  n  di^  J  ^  very  transparent,  then  pre- 

the  corpuscles  geneiany  become  swo  ^^^^.^  ,11  „ther  re- 

;rrrthrb:i?p^e^^^^^^^^^^        characters  as  the  leucocytes  of  the  blood,  and  they 

'^^^tv^tli^Sl^^lSlSltrtl^at  the  lymph-corpuscles  are  more  abundant  in 
theh  ^    tb  smaller  vessels,  and  that  they  have  been  thought  to  be  particu- 

ariy  numo  ous  in  the  vessels  coming  from  the  lymphatic  glands.  It  is  -ver  heless  tru 
hat  corpuscles  exist  even  in  the  smallest  vessels,  and  they  are  sometimes  quite  abundant 
n  im  b  which  has  not  passed  through  the  glands.  These  considerations  n^tui^ally  lead 
to  tlT  theory  of  the  development  of  leucocytes  in  the  lympbat  cs,  as  well  as  m  the  oi.li- 
nary  vascular  system,  partiiularly  as  the  constant  discharge  of  lympb  and  chyle  into  he 
Wood-vessels  renders'  ft  more  than  probable  that  most  of  the  leucocytes  found  m  the 

blood  are  derived  from  the  lymph.  .       i  i   

The  researches  of  Robin,  and  of  others,  by  whom  his  observations  have  been  some- 
what extended,  have  conclusively  demonstrated  that  leucocytes  may  be  developed,  under 
Iper  conditi;ns,  in  a  clear,  structureless  blastema,  without  the  intervention  of  any 
glandular  organ;  and,  farthermore,  it  is  not  necessary  that  the  blastema  should  be  en- 
dosed  in  any  system  ;f  vessels.  These  facts  refute  completely  the  idea  that  the  lymph- 
corpuscles  are  formed  exclusively  either  by  the  lymphatic  glands  or  by  the  walls  of  he 
lymphatic  vessels.-  Observations  have  also  shown  that  leucocytes  exist  in  the  blood  of  the 
embryon  before  any  lymphatic  vessels  can  be  demonstrated;  a  fact  wbicb  shows  that 
these  bodies  may  be  developed  de  now  in  the  blood-plasma. 

As  regards  the  lymph,  there  is  no  fluid  in  the  body  which  is  placed  under  conditions 
more  favorable  to  the  development  of  leucocytes.  It  is  enclosed  in  a  system  of  ves- 
sels possessing  extremely  thin  walls  and  undoubtedly  subjected  to  active  osmotic  cur- 
rents. It  contains,  likewise,  a  considerable  quantity  of  coagulating  matters;  and  tue 
proportion  of  these  principles  has  always  been  found  to  influence  the  rapidity  of  the  devel- 
opment of  white  corpuscles.  Its  circulation  is  not  very  rapid,  and  the  obstacles  to  the 
current  which  are  presented  in  the  lymphatic  glands  undoubtedly  give  time  for  the  per- 
fection of  the  structure  of  leucocytes.  It  is  in  this  way  that  the  increase  in  the  number 
of  leucocytes  as  the  lymph  passes  from  the  periphery  to  the  larger  vessels,  and  especially 
as  the  fluid  passes  through  the  glands,  can  be  explained.  , 

From  the  fact  that  leucocytes  are  developed  before  the  lymphatic  system  makes  its 
appearance,  that  they  are  found  in  lymph  which  has  never  passed  through  lymphatic 
glands,  and  from  observations  showing  their  spontaneous  formation  m  an  amorphous 
blastema,  it  is  the  inevitable  conclusion  that  nearly  if  not  quite  all  of  the  lymph-cor- 
pnscles  are  developed  by  genesis  in  the  clear  lymph-plasma,  and  that  their  development 
goes  on  as  the  fluid  circulates  toward  the  venous  system.  With  regard  to  the  influence 
of  the  lymphatic  glands  upon  the  generation  of  leucocytes,  there  is  no  evidence  that  the 
corpuscles  which  are  developed  in  the  course  of  the  lymph  through  these  organs  are.not 
here,  as  elsewhere,  formed  simply  from  the  blastema  ;^  and  it  is  not  necessary  to  invoke 
any  special  formative  action  taking  place  in  the  peculiar  structures  of  the  glands. 

The  function  of  the  lymph-corpuscles  is  obscure.  They  are  discharged  into  the  blo'od, 
of  which  they  form  a  constant  constituent.  Aside  from  the  hypothesis  that  they  are 
concerned  in  the  formation  of  the  red  blood-disks,  no  definite  and  reasonable  theory  of 
their  physiological  office  has  been  proposed. 

In  addition  to  the  ordinary  leucocytes  and  a  certain  number  of  fatty  granules,  a  few 
small,  clear  globules  or  granules,  about  of  an  inch  in  diameter,  called  sometimes 
globulins,  are  almost  constantly  present  in  the  lymph.    These  are  insoluble  in  ether  and 
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acetic  acid,  hnt  are  dissolved  by  ammonia.  They  are  regarded  by  Kobin  as  a  variety  of 
leucocytes  and  are  described  by  bim  as  free  nuclei.  Tbey  make  tlieir  appearance  in  tlie 
blastema  before  tbo  larger  leucocytes  are  developed. 

Origin  and  Function  of  the  Lymph.— Thero  can  hardly  be  any  doubt  concerning  the 
source  of  most  of  the  liquid  portions  of  the  lymph,  for  they  can  be  derived  only  from  the 
blood.  Although  the  exact  relations  between  the  smallest  lymphatics  and  the  blood- 
vessel's  have  not  been  made  out  in  all  parts  of  tlie  system,  there  is  manifestly  no  ana- 
•tomical  reason  why  the  water,  mixed  with  albuminoid  matters  and  holding  salts  in  solu- 
tion should  not  pass  from  the  blood  into  the  lymphatics ;  and  this  is  rendered  neariy 
certain  if  it  can  be  demonstrated  that  the  lympbatics  partly  or  entirely  surround  many 
of  the  blood-vessels,  for,  under  these  circumstances,  endosmotic  and  exosmotic  currents 
would  inevitably  take  place.  We  bave  seen,  in  comparing  the  composition  of  the  lymph 
with  that  of  the  plasma  of  the  blood,  that  the  constituents  of  these  fluids  are  neariy  if 
not  quite  identical ;  the  only  variations  being  in  their  relative  proportions.  This  is  an- 
other strong  argument  in  favor  of  the  passage  of  most  of  the  constituents  of  the  blood 

into  tbe  lymph.  .'     ,  .  .        r-  .1    i      1  • 

One  of  the  most  important  physiological  facts  in  the  chemical  history  of  tbe  lymph  is 
the  constant  existence  of  a  considerable  proportion  of  urea.  This  cannot  be  derived  from 
the  blood,  for  its  proportion  is  greater  in  the  lymph,  notwithstanding  tbat  this  flmd  is 
being  constantly  discharged  into  the  blood-vessels.  The  urea  which  exists  in  tbe  lymph 
is  derived  from  the  tissues;  it  is  discharged  then  into  tlie  blood,  and  is  constantly  bemg 
removed  from  this  fluid  by  the  kidneys.  ' 

The  positive  facts  upon  which  to  base  any  precise  ideas  with  regard  to  the  general 
function  of  the  lymph  are  not  very  numerous.  From  the  composition  of  tbis  flmd  its 
mode  of  circulation,  and  the  fact  that  it  is  being  constantly  discharged  into  the  blood  it 
would  not  seem  to  have  an  important  function  in  the  active  processes  of  nutrition.  The 
experiments  of  Collard  de  Martigny  sustain  this  view,  inasmuch  as  the  quantity  and  the 
proportion  of  solid  constituents  of  the  lympb  were  rather  increased  than  di™H|;«Jed  m 
animals  that  had  been  deprived  of  food  and  drink  for  several  days ;  while  it  is  well  kno^  n 
that  starvation  always  hnpoverisbes  the  blood  from  the  first  On  ^^^^^'^Z^LZ  l 
one  of  the  most  important  of  tbe  products  of  destructive  metamorphosis  of  tissu  s  is 
undoubtedly  taken  up  by  the  lympb  and  conveyed  in  this  fluid  to  the  blood  It  re- 
mains now  for  future  investigations  to  determine  whether  otber  excrementi  lous  princi- 
ples mayTot  be  taken  up  from  the  tissues  in  the  same  way-a  question  of  great  importance 
in  it';  relations  to  the  mecbanism  of  excretion.  . 

What  s  ?os  tively  known  with  regard  to  tbe  functions  of  tbe  lymph  may  be  summed 
UP  in  a  very  ?ew  words:  A  great  part  of  its  constituents  is  evidently  derived  from  the 
I  d,  an  lTheTelltions  of  tf  ese  principles  to  nutrition  are  not  -<3-tood^  The  same 
mZ  be  said  of  sugar,  also  a  constant  constituent  of  the  lymph,  the  origin  of  wbicb,  even 
^  not  known  Sea  and  perhaps,  other  excrementitious  matters  are  taken  up  from  the 
tissues  by  Uie  lymph,  and'  ai-e  dis'charged  into  the  blood,  to  be  removed  by  the  appropriate 

"Th^TThf  blld  ^-evidently  the  great  nutritive  fluid  of  the  body,  being  constancy 
re^e^e  ated  and  purified  by  tbe  absorption  of  nutritive  matters,  by  respiration,  and  by  he 
act-r  oflreting  organs'  the  lymph  has  an  important  function  in  removing  from  the 
tissues  some,  at  least,  of  the  products  of  physiological  decay  of  the  orgamsm. 

Chyle. 

During  the  intervals  of  digestion,  the  intestinal  l^P^''^^'- Viin^cTrtifnutS 
ordinary  lymph  •  but  as  soon  as  absorption  of  alimentary  matters  begms,  certain  nutrit^e 
;r  d7e?arf  tken in  quantity  by  these  vessels,  and  their  contents  are  now  ^own 
Lder  the  name  of  cbyle.    But  little  remains  to  be  said  concerning  this  fluid,  as  we j,a^ 
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considered  pretty  fully  the  composition  and  properties  of  the  lymph  as  well  ns  the  diflerent 
principles  taken  up  by  the  lacteal  vessels  which,  with  the  lymph,  form  the  chyle.  Some 
general  considerations,  however,  remain  concerning  the  composition  and  properties  of 

the  chyle  as  a  distinct  fluid.  .    ,  ,1^1      x-      *i    i    ^  , 

In  the  human  subject  and  in  carnivorous  animals,  the  chyle,  taken  from  the  lacteals 
near  the  intestine,  where  it  is  nearly  pure,  or  from  the  thoracic  duct,  when  it  is  mixed 
with  lymph,  is  a  white,  opaque,  milky  fluid,  of  a  slightly  saline  taste,  and  an  odor  which 
is  said  to  resemble  that  of  the  semen.  The  odor  is  also  said  to  be  characteristic  of  the 
animal  from  which  the  fluid  is  taken ;  although  this  is  not  very  marked,  except  on  the 
addition  of  a  concentrated  acid,  the  process  employed  by  Barreul  to  develop  the  charac- 
teristic odor  in  the  fluids  from  difi"erent  animals.  Bouisson  has  found  that  the  peculiar 
odor  of  the  dog  was  thus  developed  in  fresh  chyle  taken  from  the  thoracic  duct. 

The  chyle  taken  from  a  fistula  into  the  thoracic  duct  is  frequently  of  a  more  or  less 
rosy  tint ;  and  it  has  been  a  question  whether  this  be  due  to  a  peculiar  coloring  matter  or 
to  the  accidental  presence  of  a  few  red  blood-corpuscles.  Colin,  whose  experunents  in 
collecting  chyle  from  living  animals  have  been  very  numerous  and  successful,  assumes  that 
the  red  coloration  is  always  due  to  blood-corpuscles  commg  from  the  subclavian  vein ;  the 
valve  at  the  orifice  of  the  thoracic  duct  not  being  always  sufficient  to  prevent  i-egurgita- 
tion.  He  has  never  found  blood  in  the  fluid  taken  from  the  mesenteric  vessels  or  the 
receptaculum  chyli,  and  he  states,  farthermore,  that  the  chyle  from  these  vessels  never 
becomes  colored  under  the  influence  of  the  air  or  of  oxygen. 

The  reaction  of  the  chyle  is  either  alkaUne  or  neutral.  Dalton  noted  an  alkaline  re- 
action in  the  chyle  of  the  goat  and  of  the  dog ;  and  a  specimen  of  chyle  taken  from  a 
criminal  immediately  after  execution,  examined  by  Rees,  was  neutral.  Leuret  and  Las- 
saigne  obtained  the  fluid  from  the  receptaculum  chyli  in  a  man  that  had  died  of  cerebral 
inflammation,  and  found  its  reaction  to  be  alkaline. 

The  specific  gravity  of  the  chyle  is  always  less  than  that  of  the  blood ;  but  it  is  very 
variable  and  depends  upon  the  quality  of  the  food  and  particularly  upon  the  quantity  of 
liquids  ingested.  Lassaigne  found  the  specific  gravity  of  a  specimen  of  pure  chyle  taken 
from  the  mesenteric  lacteals  of  a  bull  to  be  1013,  and  the  specific  gravity  of  the  specimen 
of  human  chyle  examined  by  Eees  was  1024. 

The  differences  in  the  appearance  of  the  chyle  in  different  animals  depend  chiefly  upon 
the  diet.  Colin  found  it  excessively  milky  in  the  carnivora,  especially  after  fats  had  been 
taken  in  quantity ;  while,  in  dogs  that  were  nourished  with  articles  containing  but  little 
fat,  its  appearance  was  hardly  lactescent.  Tiedemann  and  Gmelin  found  the  chyle  almost 
transparent  in  herbivora  fed  with  hay  or  straw.  They  also  observed  the  fact  that  the 
chyle  was  nearly  transparent  in  dogs  fed  with  liquid  albumen,  fibrin,  gelatine,  starch,  and 
gluten ;  while  it  was  white  in  the  same  animals  fed  with  milk,  meat,  bones,  etc. 

It  is  impossible  to  give  even  an  approximative  estimate  of  the  entire  quantity  of  pure 
chyle  taken  up  by  the  lacteal  vessels.  When  it  finds  its  way  into  the  thoracic  duct,  it  is 
mingled  immediately  with  aU  the  lymph  from  the  lower  extremities ;  and  the  immense 
quantities  of  fluid  which  have  been  collected  from  this  vessel  by  Colin  and  others  give 
no  idea  of  the  quantity  of  chyle  absorbed  from  the  intestinal  canal.  We  cannot,  therefore, 
attempt  to  give  even  an  approximate  estimate  of  the  absolute  quantity  of  chyle  ;  but  it  is 
evident  that  this  is  variable,  depending  upon  the  natuyd  of  the  food  and  the  quantity  of 
liquids  ingested. 

Like  the  lymph,  the  chyle,  when  removed  from  the  vessels,  speedily  undergoes  coagu- 
lation. Different  specimens  of  the  fluid  vary  very  much  as  regards  the  rapidity  with 
which  coagulation  takes  place.  The  contents  of  the  thoracic  duct  taken  from  the  inferior 
animals  generally  coagulate  in  a  few  minutes.  The  first  portion  of  the  fluid  collected 
from  the  human  subject  by  Dr.  Eees  (the  chyle  was  collected  in  this  case  in  two  portions) 
coagulated  in  an  hour.  Received  into  an  ordinary  glass  vessel,  the  chyle  generally  sepa- 
rates more  or  less  completely  after  coagulation  into  clot  and  serum,  the  density  and  size 
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of  the  clot  indicating  tlie  proportion  of  fibrin.  The  serum  which  thus  separates  is  quite 
variable  in  quantity  and  is  never  clear.  Its  n.ilkiuess  does  not  depend  entirely  upon  the 
presence  of  particles  of  emulsified  fat,  and  it  is  not  rendered  transparent  by  ether.  It  con- 
tains, in  addition  to  these  particles,  numerous  leucocytes  and  organic  granules 

Nnmerous  observations  have  been  made  with  reference  to  the  influence  of  different 
kinds  of  food  npon  the  chyle  ;  but  these  have  not  been  followed  by  any  defimte  results 
tliat  can  be  applied  to  the  human  subject.  It  is  usual  to  find  the  chyle  fluid  m  the  lac- 
teals  and  in  tile  thoracic  duct  for  many  hours  after  death  ;  but  it  f^*^,  f  ^^^^^^ 
posure  to  the  air.  Although  the  entu-e  lacteal  system  is  sometimes  found  m  the  human 
subject  and  in  the  inferior  animals,  filled  with  perfectly  opaque,  coagulated  chyle,  the 
fluid  does  not  often  coagulate  in  the  vessels. 

Composition  of  the  Chyle. -An^^^J^es  of  the  milky  fluid  taken  from  the  thoracic  duct 
during  1^11  digestion  by  no  means  represent  the  composition  of  pure  chyle  ;  and  it  is  only 
by  collecting  the  fluid  from  the  mesenteric  lacteals,  that  it  can  be  obtained  without  a 
vL  large  admixture  of  lymph.  In  the  human  subject,  it  is  rare  even  to  have  an  oppor- 
S  of  taking  the  fluid  from  the  thoracic  duct  in  cases  of  sudden  death  durmg  diges- 
tion and,  in  most  of  the  inferior  animals  which  have  been  operated  upon  it  is  difficult  to 
obtain  fluid  from  the  small  lacteals  in  quantity  sufficient  for  accurate  analysis.  In  opei- 
atilg  upon  the  ox,  however,  Colin  has  succeeded  in  collecting  pure  chyle  an  cousidera- 

?he         complete  analysis  of  chyle  from  the  human  subject  is  given  by  Dr.  Eees. 
The  Sui'was  taken  from  the  thoracic  duct  of  a  vigorous  man,_a  little  more  ^jan  an  ho- 
S  er  his  execution  by  hanging.    The  subject  was  apparently  .n  per  ect  ^ealth^P  to  t, 
moment  of  his  death.    The  evening  before,  he  ate  two  J^^^^^fJ^^^^^^^^^ 
of  meat    At  seven  o'clock  a.  m.,  precisely  one  hour  before  death,  he  took  t^  o  cups  o: 
iTntapiece  of  toast;  andhedranka^^ 

milky  chyle  were  collected.  The  fluid  was  neutral  and  had  a  specific  giavity  of  10.4. 
The  following  was  its  proximate  composition : 

Composition  of  Human  Chyle  from  the  Tlioracie  Duct. 

  904-8 

Water   70-8 

Albumen,  with  traces  of  fibrinous  matter  ■  ^.g 

Aqueous  extractive   5-2 

and  oxides  of  iron     9-2 

Fatty  matters    

1,0000 


r;.r:oXsjri-irr^^^^^^^     ^  ..0. ......  .l. 

of  these  principles.  „„„  Hi„  ,„imixed  Ivmph  .md  the  chyle  is 

The  difference  in  chemical  composition  '^^^^fZ^^ r.^^on  from  a  don- 

very  well  illustrated  in  a  comparative  ^^^^^'^^^  l^Jf'';^' taken  from  the  lacteals 
key    The  fluids  were  collected  by  Mr.  I^'^-'  J^d  sevL  houi^^  after  a  full  meal 

before  reaching  the  thoracic  duct.    The  '^^^^^J^.^.^.f  by  Dr.  Rees : 

of  oats  and  beans.   The  following  analyses  of  the  flmds  we.  e  maa  y 
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Composition  of  Chyle  and  Lymph  before  reaching  the  Thoracic  Duct. 

Chyle.  Lymph. 

Water   902-37  965-36 

Albuminous  matter   35-16  12-00 

Fibrinous  matter   3-'70  1-20 

Animal  extractive  matter  soluble  in  water  and  alcohol   3-82  2-40 

Animal  extractive  matter  soluble  in  water  only   12-33  13-19 

Fatty  matter   36-01  a  trace 

Salts  \  -^^^^^^^  chlorides,  sulphates,  and  carbonates,  with  ) 

^  ^' I     traces  of  alkaline  phosphates,  oxide  of  iron  \"  ^  ®^ 

1,000-00  1,000-00 

The  above  analyses  show  a  very  marked  difference  in  the  proportion  of  solid  constitu- 
ents in  the  two  fluids.  The  chyle  contains  about  the  same  proportion  of  albumen 
and  fibrin  as  the  lymph,  with  a  much  larger  proportion  of  salts.  The  proportion  of  fatty 
matters  in  the  chyle  is  very  great,  while  in  the  lymph  there  exists  only  a  trace.  The 
individual  constituents  of  the  chyle  given  in  the  above  tables  do  not  demand  any 
farther  consideration  than  they  have  already  received  under  the  bead  of  lymph.  The 
albuminoid  matters  are  in  part  derived  from  the  food,  and  in  part  from  the  blood,  through 
the  admixture  of  the  chyle  with  lymph.  The  fatty  matters  are  derived  in  greatest  part 
from  the  food.  As  far  as  has  been  ascertained  by  analyses  of  the  chyle  for  salts,  this 
fluid  has  been  found  to  contain  essentially  the  same  inorganic  constituents  as  the 
plasma  of  the  blood.  All  of  these  principles  are  rapidly  poured  into  the  blood,  where 
they  assist  in  supplying  the  material  which  is  being  constantly  consumed  in  the  process 
of  nutrition. 

The  presence  of  sugar  in  the  chyle  was  first  mentioned  by  Brande,  who  described 
it,  however,  rather  indefinitely.  Glucose  was  distinctly  recognized  in  the  chyle  by 
Tronimer,  and  its  existence  in  many  of  the  higher  orders  of  animals  has  since  been  fully 
established  by  Colin. 

Microscopical  Characters  of  the  Chyle. — The  milky  appearance  of  the  chyle  as  con- 
trasted with  the  lymph  is  due  to  the  presence  of  an  immense  number  of  excessively 
minute  fatty  granules.  The  liquid  becomes  much  less  opaque  when  treated  with  ether, 
which  dissolves  many  of  the  fatty  particles.  In  fact,  the  chyle  of  the  thoracic  duct  is 
nothing  more  than  lymph  to  which  an  emulsion  of  fat  in  a  liquid  containing  albuminoid 
matters  and  salts  is  temporarily  added  during  the  process  of  intestinal  absorption.  The 
quantity  of  fatty  granules  in  the  chyle  varies  considerably  with  the  diet,  and  it  generally 
diminishes  progressively  from  the  smaller  to  the  larger  vessels,  on  account  of  the  con- 
stant admixture  of  lymph.  The  size  of  the  granules  is  pretty  uniformly  from  ^zhrv  to 
-nrroTT  of  an  inch.  They  are  much  smaller  and  more  uniform  in  size  in  the  lacteals  than 
in  the  cavity  of  the  intestine.  Their  constitution  is  not  constant;  and  they  are  com- 
posed of  the  different  varieties  of  fat  which  are  taken  as  food,  mingled  together  in  varia- 
ble proportions. 

The  ordinary  corpuscular  elements  of  the  lymph  (leucocytes  and  globulins)  are  also 
found  in  variable  quantity  in  the  chyle.    These  have  already  been  fully  considered. 

Movements  of  the  Lymph  and  the  Chyle. 

Compared  with  the  current  of  blood,  the  movements  of  the  lymph  and  chyle  aro 
feeble  and  irregular ;  and  the  character  of  these  movements  is  such  that  they  are  evi- 
dently duo  to  a  variety  of  causes.  As  regards  those  elements  which  are  derived  directly 
from  the  blood,  the  lymph  may  bo  said  to  undergo  a  true  circulation  ;  inasmuch  as  there 
•s  a  constant  transudation  at  the  peripheral  portion  of  the  vascular  system,  of  fluids  which 
are  returned  to  the  circulating  blood  by  the  communications  of  the  lymphatic  system 
22 
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with  the  creat  veins    But  we  have  seen  that  the  lymph  is  not  derived  entirely  from 
:;::^!^^—le  portion resnltin..^^^ 

phatie  system  and  from  the  ahsorpt^on       ^    ^        ^'^^^^.^ts  of  the  lymph  and 

from  ihe  general  vuscnlar  ^y^^^jf,^;;;;;^™^;^^^^^^^^^         any  bearing  upon  the  move- 
As  far  as  the  mode  of  ongm  of  the  lymph  /       l^,°,,een  the  imbibi- 
.ents  of  these  fluids  in  the  ^^^ij^^^^^^^^^^^^^^  and  the  transudation 
tion  of  new  -at-.alB  trom       ^^^^^^                  of  the  passage  of  liquids  from  the 
of  the  hqmd  ^.'^''^'^^ '''''' ^^^^^^              of  the  blood  eannot  be  felt.    An  illustratmn 
blood-vessels  is  such  that  the  motive  powL^                         portions  of  the  secretions, 
of  this  is  in  the  mechanism  o  th^^*^^^^^^^^^       Ltc'^^^Clands  is  enormous  and 
The  force  with  which  fluids  ^  «                           ^^^tirely  to  the  force  of  transudation 
is  independent  of  the  action  of  the  heart,  being  aue          ^  ^  of 
and  secretion.    This  is  combined  with  the  f^^/.^^^^  ^^^^^^^            n^ovements  are 
the  important  agents  in  the  movements  ot  th  ^^^J^f  ^^^^^^^^  ^^^^^.^     that,  under 
studied  with  great  difficulty    One  o  the  ^-^^J  f  ^^^^^^^f^^^^^^^    of  fluid  which  they 
normal  conditions,  the  vessels  are  «eldoin  distended  and  the  q        y  ^^^^^^^  ^^^.^^ 

contain  is  subject  to  considerable  variation  ^l  .^'  ^r  l^^^^  only  to  certam  moment- 
size  is  concerned,  the  movement  is  probably  <^'f'2T  ^  InL  Lge  vessels  situated 
ary  obstructions  or  accelerations  ^^■^^^'''''''\''Zlo^^^^  marked  degree 

Jar  the  thorax  and  in  those  within  '^^^^^^^'^ have  observed  the 
remittent,  or  they  may  even  be  intermittent    All  ^JP^^™/        ^^^^  ^oted  a  constant 

relir^ith  etf afof  e^.ptt^^^^^^^^^  -P-  synchronous  with  the  pulsa- 

numerous  valves  by  which  <liff-t /rin'^Se'Cse  Slt  undoubtedly  subject  to 
to  estimate  the  general  pressure  o  fl^/J.^j^^^J^^,,  ^ell  as  in  different  parts  of  the 
great  variations  in  the  same  vessels  at  *  ^^^^^         amount  of  distention  of  the 

fymphatic  system.    It  is  well  ,ot  infrequently  being  many  times 

thoracic  duct  is  exceedmgly  vauable  ts^ca^^^^ 

increased  during  active  absorption    At  tne  sa  obstructing  the  circulation  and 

to  any  part  of  the  lymphatic  lf  27v^^rrZ      force  with  which  liquids  pene- 

cient  to  rupture  the  vessel.  lymphatic  vessels  has  never  been  accurate- 

The  general  rapidity  of  the  current  j^^J^^^^^  -.^  the  distention  of  these  ves- 
ly  estimated.  As  a  natural  consequence  of  f^^^'llZnst.^t  modifications.  Bdclard 
sels,  the  rapidity  of  t^e  circu lat«t^^^^^^^^^^^^^  ^^^^^       ^^,,,,ity  of  fluid 

making  his  calculation  from  tbe  ^-^^^^TeZ^^  -to  the  thoracic  duct,  estimates  that 
discharged  in  a  given  time  rom  ^''^"^^^'  ^^^^  inch  per  second.  This  estimate,  how- 
the  rapidity  of  the  flow  in  this  that  the  flow  must  be  much  less  rapid 

ever,  ^an  be  only  approximative  ;  and  ^^^^J'^^^ as  the  liquid  moves  in  a  space 

in  the  vessels  near  the  V^r^^g^^^^.^^^^^^  the  openings  into  the  venous  system.  J 
which  becomes  rapidly  conti  acted  as  iiapi;  ^ 

ni'  the  Movements  of  the  Lymph  and  Chyle.  M 
Causes  of  tne  movui         j  t  of  fluids  in  the  lymphatic  sys-^ 

Various  influences  combine  to  produce  the  movement^9_    intermittent  or  occasional, 
tem,  some  being  constant  in  their  °P^™' order  of  their 
These  will  be  considered,  as  nearly  as  possible,  m  the 
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Influence  of  the  Forces  of  Endosmosis  and  Transudation  (vis  a  tergo). — The  forces 
of  endosmosis  and  transudation  are  undoubtedly  the  main  causes  of  the  lymphatic  circu- 
lation, more  or  less  modified,  however,  by  influences  which  may  accelerate  or  retard 
the  current ;  but  this  action  is  capable  in  itself  of  producing  the  regular  movement  of 
the  lymph  and  chyle.  It  is  a  force  which  is  in  constant  activity,  as  is  seen  in  cases  of 
lisation  of  the  thoracic  duct,  an  operation  which  must  finally  abolish  all  other  forces 
which  aid  in  producing  the  lymphatic  circulation.  "When  the  receptaculum  chyli  is  rup- 
tured as  a  consequence  of  obstruction  of  the  thoracic  duct,  the  vessel  gives  way  as  the 
result  of  the  constant  endosmotic  action,  in  the  same  way  that  the  exposed  membranes 
of  an  egg  may  be  ruptured  by  endosmosis,  when  immersed  in  water. 

We  have  already  alluded  to  the  influence  of  transudation  from  the  blood-vessels  and 
have  compared  it  to  the  force  with  which  the  secretions  are  discharged  into  the  ducts  of 
the  glands ;  and  in  placing  this,  with  the  force  of  endosmosis,  at  the  head  of  the  list  of  the 
agents  which  effect  the  lymphatic  circulation,  its  importance  is  not  over-estimated.  This 
conclusion  can  hardly  be  avoided  when  we  consider  the  anatomy  of  the  lymphatic  sys- 
tem. The  situations  in  which  tlie  endosmotic  force  originates  are  at  the  periphery,  where 
the  single,  homogeneous  wall  of  the  plexus  is  excessively  thin,  and  where  the  extent  of 
absorbing  surface  is  enormous.  If  liquids  can  peqetrate  with  such  rapidity  and  force 
through  the  walls  of  the  blood-vessels,  where  their  entrance  is  opposed  by  the  pressure 
of  the  fluids  already  in  their  interior,  they  certainly  must  pass  without  difiiculty  through 
the  walls  of  the  lymphatics,  where  there  is  no  lateral  pressure  to  oppose  their  entrance, 
except  that  produced  by  the  weight  of  the  column  of  liquid.  This  pressure  is  readily 
overcome ;  and  the  numerous  valves  in  the  lymphatic  system  effectually  prevent  any 
backward  current.  The  liquid  that  passes  into  the  lymphatics  by  endosmosis  or  by 
transudation  produces  movement  by  displacing  an  equal  bulk  of  liquid  contained  in  the 
vessel.  "We  observe  with  the  microscope  the  rapid  filling  and  rupture  of  microscopic 
cells  when  immersed  in  water ;  and  the  rough  experiments  by  which  the  operation  of 
endosmosis  is  ordinarily  illustrated,  in  which  the  extent  of  endosmotic  surface  is  infinite- 
ly small  as  compared  with  that  of  the  lymphatic  system,  exhibit  a  current  of  considerable 
force  and  rapidity.  "When  we  remember  that  the  infinitely  numerous  lymphatic  radicles 
are  bathed  in  fluids  which  undoubtedly  pass  into  their  interior  with  great  facility,  and 
when  we  compare  the  probable  extent  of  this  endosmotic  surface  with  the  diameter  of  the 
thoracic  duct,  we  can  hardly  be  surprised  that  this  force  should  be  capable  of  producing  a 
movement  in  the  great  trunk  at  the  rate  of  an  inch  per  second.  The  great  elasticity  of 
the  vessels  and  the  fact  that  they  are  never  completely  filled  allow  of  considerable  dis- 
tention of  isolated  portions  of  the  lymphatic  system  when  there  is  any  obstruction  to  the 
current  that  is  not  readily  overcome.  In  this  way  we  account  for  the  variations  in  the 
flow  of  the  lymph  and  chyle  which  are  of  such  constant  occurrence. 

Influence  of  the  Contractile  Walls  of  the  Vessels. — In  treating  of  the  anatomy  of  the 
lymphatic  system,  it  has  already  been  observed  that  the  large  vessels  and  those  of  me- 
dium size  are  provided  with  unstriped  muscular  fibres  and  are  endowed  with  contractil- 
ity. This  fact  lias  been  demonstrated  by  physiological  as  well  as  anatomical  investiga- 
tions. Beclard  states  that  he  has  often  produced  contractions  of  the  thoracic  duct  by 
the  application  of  the  two  poles  of  an  inductive  apparatus.  It  is  not  uncommon  to  see 
the  lacteals  become  reduced  in  size  to  a  mere  thread,  even  while  under  observation. 
Although  experiments  have  generally  failed  to  demonstrate  any  regular  rliythmical  con- 
tractions in  the  lymphatic  system,  it  is  probable  that  the  vessels  contract  upon  their  con- 
tents, when  they  are  unusually  distended,  and  thus  assist  the  circulation,  the  action  of  the 
valves  opposing  a  regurgitating  curreut.  This  action,  however,  cannot  have  any  consid- 
erable and  regular  influence  upon  the  general  current. 

Influence  of  Pressure  from  Surrounding  Paris.— Contractions  of  the  ordinary  vol- 
untary muscles,  compression  of  the  abdominal  organs  by  contraction  of  the  abdominal 
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muscles  peristaltic  movements  of  the  intestines,  and  pulsations  of  large  arteries  situ- 
7:tilT£Xn.V^^^^^^  trunks,  particularly  the  thoracic  aorta,  are  all  capahle  of 
increalg  the  rapidity  ofthe^vOa^^j^o^^^^ 

The  contractions  of  -^^^^^J^^^^g^^  J^^l.^a  in  thJ  venous  system;  and  we  have 
^tllnT     ::r^::i^^o  ...  ...  aU-eady  heen  said  on  this  suhject  in 

connection  -tl;  *be  venous  ci^^^^^^^^^^^^  ^^^^  ^^^^^^     compression  of  the 

intestines.       ,     .  i  tho  unner  part  of  the  thoracic  duct,  it  is  frequently 

,  '''n,%?h:fiuidttsra^ged  .  i  n'cSd  force  at  each  pulsation  of  the  heart, 
the  case  that  the  fluid  is  discuaigea  w  p^eriments  on  the  thoracic  duct,  and  he 

This  was  frequently  observed  by  Dalton  m  his  ^fj*^""^;^;  °^  ^^^^^  circulation 
describes  the  jets  as  being  "like  blood  «  duct  as  it 

is  somewhat  impeded."    This  impulse  is  dne  to  co^P^^^^^^^^^^^  ly^pl, 
passes  under  the  arch  of  the  aorta    Its  mflu  nee  ,p  n  1^^^  ^^^^^^^^..^^     Haller,  who 
and  chyle  is  probably  insignificant,  but  the  fact       '^^^^l  t  e 
attached  to  it  a  great  deal  more  importance  than  it  is  now 

as  by  far  the  most  important  agent  -/^^  f^^^^^.^lf  iJTm'portant  aid  from  the 
movements  of  fluids  in  the  thoracic  duct  '''''^l?'^!'^^^     the  works  of  Haller  will 

respiratory  acts.    This  fact  has  ong  "^^'^ ^^'^f^^^^.^^ Z  of  the  movements  of  the 
bo  found  a  full  discussion  of  the  influence  of  the^  ^^.^  ^^^.^^^ 

thorax  upon  the  circulation  «  f/^^  ^^^^^^^^^^^^  a  fistula  into  the  thoracic  duct 
most  valuable,  as  he  was  the  first  to  ^'^'^^^^^  4  .  the  flow  of  chyle  from  a  hs- 

in  large  auimals.  He  always  found  a  "^'^^k^^^^.^^^*^^^^^^^^^  ^ith  the  movements  of 
tula  into  the  thoracic  duct,  which  was  abso  u^y  ^^iff^^        ^ed,  and,  with  inspira- 

respiration.    With  each      «f  I^^P^'^^^'  i-P'J-^  "'^^^ 

tioi,  the  flow  was  very  much  dimmish  d  l^^'l^^^'^^^^^^  ,Sovt.  became  violent.  The 
mor'e  marked  when  respiration  was  ^^^^^  the  pulsations  were  repeated 

intei-mitteney  of  the  current  was  sometimes  «°  ^J^"^^^'        „f  ,^„u,eting  the  fluid, 
in  a  long  elastic  tube  attached  tof  ^« Z^^^.^^;  upon  the  flow  of  the 

The  amount  of  influence  exerted         ^v  fj^^^^^g"  arcMly  the  mechanism  of  its 
lymph  and  chyle  can  be  best  appreciated  by  examimng 

operation.  _  . ,  ^  ^s  the  air,  are  drawn  toward  the 

With  each  act  of  inspiration,  all  the  H^^^  'Jis  we  ^^^^  ^^^^^^^  ^^^^ 

cavity  of  the  thorax.    In  this  way,  the         cio  ^uct  ,ig,t  lymphatic 

distended  with  fluid.  At  the  same  t™;-;^^  ^/"^ftt  To  thoracic  duct  has  been  thus 
duct  into  the  right  subclavian  vem  is  "^/^^J^^;.^^^^^^  .^ith  aU  the  other  parts 

dilated  in  inspiration,  at  the  moment  ^^'^^^^^^^ .  t^,  ^,i^es  prevent  the  reflux  of 
contained  within  the  thorax,  it  -^-^^^  P^^^^ '  is  thea  discharged  with  increased 
its  contents,  and,  as  a  necessary  conseq^ience  tl- ^^^^  the  act  of  inspira- 
t::^^:^^  r^L^u^  -mbelow,  opposes  the  .scharge 

tr ns,  it  ^^:a::^^:z:;rz:^ 

stances  capable  of  modifying  the  ^-^•^''^  '""^^ll^^^^^  vessels  themselves  some- 
lymph  and  chyle  depends  chiefly  upon  the  3;  '  J^'-^^;„,io„al  compression  from  sur- 
tLes  undergo  contraction,  and  tl^^J/^^^;  J^^^^^^^^  ^"^l.es  in  the  vessels,  must  favor 
rounding  parts,  which,  from  the  existence  of  numcio 
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the  current  toward  the  venous  system.  The  alternate  dilatation  and  compression  of  the 
thoracic  duct  with  the  acts  of  respiration  likewise  aid  the  circulation,  and  they  are  more 
efficient  than  any  other  force,  except  the  via  a  tergo.  The  action  of  the  valves  is  pre- 
cisely the  same  in  the  lymphatic  as  in  the  venous  system. 


LEEDS  <S<WEST-RIDING 
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secretion: 

General  considerations-Differences  between  the  secretions  axid  fluids  containing  formed  anatomical  elements-Classi- 
fication of  the  secretions-Mechanism  of  the  production  of  the  true  secretions-Mechanism  of  the  production  of 

of  the  secreted  fluids-Secretions  proper  (permanent  fluids;  transitory  fluids)- Excretions-Fluids  containing 
formed  anatomical  elements-Physiological  anatomy  of  the  serous  and  synovial  membranes-Pericardial  peri 
toneal,  and  pleural  secretions-Synovial  fluid-Mucus-Mucous  membranes-Mechanism  of  the  secretion  of  mucus  ' 
-Composition  and  varieties  of  mucus-Microscopical  characters  of  mucus-General  function  of  mncus-Non- 
nbsorption  of  certain  soluble  substances,  particularly  venoms,  by  mucous  membranes-Sebaceous  fluids-Phvsio- 
ogical  anatomy  of  the  sebaceous,  cermninous,  and  Meibomian  glands-Ordinary  sebaceous  matter-Smegma  of 
the  prepuce  and  of  the  labia  minora-Vernix  caseosa-Cerumen-Meibomian  secretion-Function  of  the  Meibo- 
mian secretion-Mammary  secretion-Physiological  anatomy  of  the  mammary  glands-Condition  of  the  mam- 
mary  glands  durmg  the  intervals  of  lactation-Structure  of  the  mammary  glands  during  lactation-Mechanism 
of  the  secretion  of  mi  Ic-Conditions  which  modify  the  lacteal  secretion-Quantity  of  milk-General  characte" 
of  milk-Microscop.cal  characters  of  milk-Composition  of  milk-Variations  in  the  composition  of  milk-CoIos! 
trmu-Lacteal  secretion  in  the  newly-born. 

Secretion  in  General. 
The  phenomena  classed  by  physiologists  under  the  head  of  secretion  are  intimately 
connected  with  the  general  process  of  nutrition.    In  the  sense  in  which  the  term  secre- 
tion is  usually  received,  it  embraces  most  of  the  processes  in  which  there  is  a  separation 
of  material  from  the  blood  or  a  formation  of  a  new  fluid  out  of  matters  furnished  by  the 
blood.    The  blood  itself,  the  lymph,  and  the  chyle,  are  no  longer  regarded  as  secre- 
tions.   These  fluids,  like  the  tissues,  are  permanent  constituents  of  the  organism  under- 
gomg  those  changes  only  that  are  necessary  to  their  proper  regeneration    They  are 
likewise  characterized  by  the  presence  of  certain  formed  anatomical  elements  which 
themselves  undergo  the  processes  of  molecular  destruction  and  regeneration  '  These 
characters  are  not  possessed  by  the  secretions.    As  a  rule,  the  latter  are  homogeneous 
fluids,  without  formed  anatomical  elements,  except  as  accidental  constituents,  such  as  the 
(iesquamated  epithelium  in  mucus  or  in  sebaceous  matter.    The  secretions  are  not  per- 
manent, self-regenerating  fluids,  except  when  they  perform  simply  a  mechanical  function 
as  the  humors  of  the  eye,  or  the  liquids  in  serous  and  synovial  cavities.    They  are  either 
discharged  from  the  body,  when  they  are  called  excretions,  or,  after  having  performed 
their  proper  function  as  secretions,  are  taken  up  again  in  a  more  or  less  modified  form 
Dy  tne  blood. 

With  the  exception  of  those  fluids  which  have  a  function  almost  entirely  mechanical 
tiie  relations  of  the  secretions  to  nutrition  are  so  close,  that  the  production  of  many  of 
them  forms  almost  a  part  of  this  great  function.  It  is  diflacult,  for  example  to  con 
ceive  of  nutrition  without  the  formation  of  the  characteristic  constituents  of  the  urine 
toe  bile,  and  the  perspiration;  and  it  is  impossible,  indeed,  to  study  satisfactorily  the 
phenomena  of  nutrition  without  considering  fully  the  various  excrementitious  principles 
^Lr'  pT'  ^^•^'-'ti^'^.  creatinine,  etc.,  for  the  constant  formation  and  dis- 

-^arge  of  these  principles  by  disassimilation  create  the  necessity  for  the  deposition  of 

r*""^""  °f       ^-^etions,  as  cont md  stin 

gu  shed  from  the  excretions,  are  concerned  in  the  preparation  of  food  by  dSon  fo 
the  regeneration  of  the  great  nutritive  fluid.  ^  digestion,  loi 
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A3  would  naturally  bo  supposed,  tho  general  mechanism  of  secretion  was  very  im- 
perfectly understood  early  in  the  history  of  physiology,  when  l.tt  o  was  known  o  the 
lirculat  on,  the  functions  of  the  digestive  fluids,  and  particularly  of  "U;  /'-o  n  s 

etymology  the  term  should  signify  separation ;  but  it  is  now  known  that  rnany  of  «^ 
secreted'Lds  are  formed  in  the  glands  and  are  not  s.mply  -X;!htids  ^^^^^^^^^^^ 
the  blood    Physiologists  now  regard  secretion  as  the  act  by  which  fluids,  holding  cer 
ain  soM  principles  in  solution,  and  sometimes  containing  liqmd  nitrogenized  prmci- 
Z  hn  not  necessarily  possessing  formed  anatomical  elements,  are  separated  from  the 
N     ^i  mTufTctoed  by  special  organs  out  of  materials  furnished  by  the  blood. 
T^et^rg  L  may  rr^em^^^^^^^^^  folliclfs,  or  collections  of  follicles  or  tubes.    In  the 
Iheso  oigans.ma^  u  ,  formed  are  called  secretions; 

:;*t'X;o.u'c.  of  s,cre«on,  are  re.,,  ^^'^^f^'l^:':^:^X^^^'^oZZ. 

the  mechanism  by  which  the  secretions  are  P"-"^"  f^^"         J^m  "^'^  e  or  less  disin- 
matter  and  not  as  a  product  of  secretion. 

very  distinct.  onrl  Inve  imnortant  functions  to 

Certain  of  the  fluids  are  fo™^^^^ ^P^^^^^„  ^^T'  o^^anlm  Tese  may  be  classed 
perform  which  do  not  involve  their  discharge  from  t'^'^^'  f  "^^^^  '^j^^  4ive  fluids, 
as  the  true  secretions;  and  the  most  striking  rnds  which  generally 

Each  one  of  these  fluids  is  formed  by  a  special  g^-id  or  set  of^g  and  ,    hrc    g  7^ 

has  no  other  function ;  and  they  are  never  P^-o^^-^^d  ^  t  u  secretions  out  of  mate- 
^hich  produces  the  characteristic  element  f^^^f  ne'  e  pi-st  in  the  circu- 
rials  furnished  by  the  blood ;  and  the  principle  ^^^^^f^^mTgenerally  intermittent; 
latiog  fluid.  The  function  which  these  -ds  ^^^^^^^^^  f^tTeSent,  taMng  place  only 
and,  when  this  is  the  case,  the  flow  oi  the  ^       true  secretions 

princt  ICS  in  solution,  which  result  from  the  Pj^f^^^^^^^^^^^^ 

principles  have  no  function  to  perform     f  J  J'^^iif^;;;"^  ,e  classed  as  excretions, 
from  the  blood  to  be  discharged  from  f!^^^^^,    ^jf 'f^^^^^^^ 
the  urine  being  the  type  of  fluids  of  this  kind,    ^he  chaxacten^^^^^^  P   ^^^^^  ^ 

mentitious  fluids  are  formed  in  the  tissues  as  one  of  the  ^^^-^^  ^^^^^^  ,y 
going  on  in  all  organized,  living  structures,  ^^^f.^^'^^^^e  result  of  a  sort  of  elective 
which  they  are  eluninated  but  appear  m  the  secretion  as  the  result 
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filtration  from  the  blood.  They  always  preexist  in  the  circulating  fluid  and  may  be  elim- 
inated, either  constantly  or  occasionally,  by  a  number  of  organs.  As  they  are  produced 
continually  in  the  substance  of  the  tissues  and  are  taken  up  by  the  blood,  they  are  con- 
stantly discharged  into  the  substance  of  the  proper  eliminating  organs.  When  the  glands 
which  thus  eluninate  these  principles  are  destroyed  or  when  their  functions  are  serious- 
ly impaired,  the  excrementitious  matters  may  accumulate  in  the  blood  and  give  rise  to 
certain  toxic  phenomena.  These  effects,  however,  are  often  retarded  by  the  vicarious 
discharge  of  such  principles  by  other  organs. 

There  are  some  fluids,  as  the  bDe,  which  perform  important  functions  as  secretions, 
and  which  nevertheless  contain  certain  excrementitious  matters.  In  these  instances,  it  is 
only  the  excrementitious  matters  that  are  discharged  from  the  organism. 

In  the  sheaths  of  some  tendons  and  of  muscles,  the  substance  of  muscles,  and  in 
some  other  situations,  are  found  fluids  which  simply  moisten  the  parts,  and  which  contain 
very  little  organic  matter,  with  but  a  small  proportion  of  inorganic  salts.  Although 
these  are  frequently  spoken  of  as  secretions,  they  are  produced  generally  by  a  simple, 
mechanical  transudation  of  certain  of  the  constitnents  of  the  blood  through  the  walls 
of  the  vessels.  Still,  it  is  difficult  to  draw  a  hne  rigorously  between  transudation  and 
some  of  the  phenomena  of  secretion;  particularly  as  late  experiments  upon  dialysis  have 
shown  that  simple,  osmotic  membranes  are  capable  of  separating  complex  solutions,  allow- 
ing certain  constituents  to  pass  much  more  freely  than  others.  This  fact  explains  why 
the  transuded  fluids  do  not  contain  all  the  soluble  principles  of  the  blood  in  the  propor- 
tions in  which  they  exist  in  the  plasma.  All  the  secreted  fluids,  both  the  true  secretions 
and  the  excretions,  contain  many  of  the  inorganic  salts  of  the  blood-plasma. 

Mechanism  of  the  Prodicction  of  the  True  Secretions.— Althongh  the  characteristic  ele- 
ments of  the  true  secretions  are  not  to  be  found  in  the  blood  or  in  any  other  of  the  animal 
fluids,  they  can  generally  be  extracted  in  quantity  from  the  glands,  particularly  during 
their  intervals  of  repose.  This  fact  has  been  repeatedly  demonstrated  with  regard  to 
many  of  the  digestive  fluids,  as  the  saliva,  the  gastric  juice,  and  the  pancreatic  juice ;  and 
artificial  fluids,  possessing  many  of  the  physiological  properties  of  the  natural  secretions, 
have  been  prepared  by  simply  infusing  the  glandular  tissue.in  water.  There  can  be  no 
doubt,  therefore,  that,  even  during  the  periods  when  the  secretions  are  not  discharged, 
the  glands  are  taking  from  the  blood  matters  which  are  to  be  transformed  into  principles 
characteristic  of  the  individual  secretions,  and  that  this  process  is  constant.  Extending 
our  mquiries  into  the  nature  of  the  process  by  which  these  peculiar  principles  are  formed. 
It  IS  fonnd  to  bear  a  close  resemblance  to  the  general  act  of  nutrition.  There  are  certain 
anatomical  elements  in  the  glands  which  have  the  power  of  selecting  the  proper  material 
from  the  blood  and  causing  them  to  undergo  a  peculiar  transformation ;  in  the  same  way 
that  the  muscular  tissue  takes  from  the  great  nutritive  fluid  albuminoid  matters  and 
transforms  them  into  its  own  substance.  The  exact  nature  of  this  property  is  unex- 
plamed.  It  belongs  to  the  class  of  phenomena  observed  in  living  structures  only  and  is 
sometimes  called  vital. 

In  all  of  the  secreting  organs,  a  variety  of  epithelium  is  found,  called  glandular,  which 
seems  to  possess  the  power  of  forming  the  peculiar  elements  of  the  diflerent  secretions 
Inasmuch  as  the  epithelial  cells  lining  the  tubes  or  follicles  of  the  glands  constitute  the 
only  peculiar  structures  of  these  parts,  the  rest  being  made  up  of  basement-membrane 
connective  tissue,  blood-vessels,  nerves,  and  other  structures  which  are  distributed  gen- 
erally in  the  economy,  we  should  expect  tliat  these  alone  would  contain  the  elements  of 
the  secretions.  In  all  probability  this  is  the  fact ;  and,  with  regard  to  some  of  the  glands 
this  has  been  satisfactorily  demonstrated.  It  has  been  found,  for  example,  that  the  liver' 
cells  contain  the  glycogenic  matter  formed  by  the  liver ;  and  it  has  been  farther  shown 
tuat,  when  the  celkilar  structures  of  the  pancreas  have  been  destroyed,  the  secretion  is 
no  longer  produced.    There  can  be  hardly  any  doubt  with  regard  to  the  application  of 


344 


SECRETION. 


this  principle  to  the  glands  generally,  both  secretory  and  excretory.  Indeed,  ,t  ,s  well 
known  to  pathologists,  that,  when  the  tubes  of  the  kidney  have  become  denuded  of  the..- 
epithelium,  they  arc  no  longer  capable  of  separating  from  the  blood  the  pecuhar  const.tu- 

ents  of  the  urine.  ^.  •  ■ 

With  regard  to  the  origin  of  the  principles  peculiar  to  the  true  secretions,  it  is  impos- 
sible  to  entertain  any  other  view  than  that  they  are  produced  in  the  epithehal  structures 
of  the  glands;  and  the  old  idea  that  they  exist  ready-formed  in  the  blood  cannot  be 
maintained.    While  the  secretions  contain  morganic  salts  in  solution,  transuded  from  the 
blood,  the  organic  constituents,  such  as  pepsin,  ptyaline,  pancreatine,  _e  c.,_  are  readily 
distinguished  from  all  other  albuminoid  principles  by  their  pecuhar  physiological  proper- 
ties;  although  some  of  them  a.-e  apparently  identical  with  albumen  in  their  ultimate 
composition  and  in  most  of  their  chemical  reactions.  „f 
It  may  be  stated,  then,  as  a  general  proposition,  that  the  characteristic  elements  of 
the  true  secretions,  as  contradistinguished  from  the  excretions,  are  formed  de  no^o  by  the 
epithelial  structures  of  the  glands,  out  of  material  furnished  by  the  b  ood.    Their  forma- 
tion is  by  no  means  confined  to  what  ,is  usually  termed  the  period  ot  functional  activity 
of  the  Jands,  or  the  time  when  the  secretions  are  poured  out,  but  it  takes  place  more 
or  less  constantly  when  no  fluid  is  discharged. 

It  is  more  than  probable  that  the  formation  of  the  elements  of  the  secretions  takes  place 
with  fully  as  much  activity  in  the  intervals  of  secretion  as  durmg  the  discharge  of  flu  d  , 
Intmost  of  the  glands  connected  with  the  digestive  system  seem  to  require  certain  mter- 
vals  of  repose  and  are  capable  of  discharging  their  secretions  for  a  hmited  time  only 

Wh  n  a  secreting  organ  is  called  into  functional  activity-like  the  gastric  mu  ous 
membrane,  or  the  pancreas,  upon  the  introduction  of  food  into  t^^^/^-^ary  canaL-a 
maSed  change  in  its  condition  takes  place.  The  circulation  m  the  Pf  -  ^hen  v  ry 
much  increased  in  activity,  thus  furnishing  water  and  the  inorgamc  elements  of  the 
Zretion  Thfs  difference'in  the  vascularity  of  the  glands  during  then-  activity  is  very 
TaSd  when  the  organs  are  exposed  in  a  Hving  animal  and  ^^^^^^^^^ 
bearing  upon  the  mechanism  of  secretion.  Beaumont  observed  his  m  his  e^P<^r™^ 
on  St  MaS  and  was  the  first  to  show  conclusively  that  the  gastric  jmce  is  secreted  only 
whenloodTtakr  i^^  the  stomach  or  when  some  stimulus  is  applied  to  its  mucous 
mtmbi^e  Bernard,  in  his  experiments  upon  the  pancreas,  noted  the  pale  appearance 
r^he  dand  during  the  intervals  of  digestion  and  its  reddened  and  congested  conditi  n 
Jhln  tleTecretion^flowed  from  the  duct;  and  these  observations  have  been  confirmed 
by  all  who  have  experimented  upon  the  glands  in  living  animals 

in  Ta  er  experiments  upon  the  circulation  in  the  salivary  glands  and  its  relation  o 
«P.,Sion  Bernard  has  fuUy  investigated  the  vai-iations  in  the  vascular  supply  to  tl^e 

h  ,    ntu/dlchavgea  in  th,  S.M™,  the,  '»  XoTLmtg  fro.  ,1,. 

anism  of  secretion.    As  tai  as  tuo  t-umi  -..^^infjnn    Wlien  the  gland  is  in 

le<l,pe„de«  mainly  .,po.  the  moJificat.om  m  ' '«  J^^^^^^ 

ropo.;,  .1,0  Hoofl  coming  from  it  h..  tlje         Umk,  'Jj^y  o!  Wood  parsing 

p/op„;ti.„  o,  carbonio  aCd ;  '"^  i  j.^ 

r;?p:"o7rc':='.i  ™a.r"  I't tL,  ...  ..ooa  .s  .o^non.. 
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discharged  from  the  vein  pulsatim  to  the  distance  of  several  inches.  The  cause  of  tliis 
difference  in  color  is  very  easDy  understood.  During  the  intervals  of  secretion,  the  blood 
is  sent  to  the  gland  for  the  purposes  of  nutrition  and  the  manufacture  of  the  elements  of 
the  secretion.  It  then  passes  through  the  part  in  moderate  quantity  and  undergoes  the 
usual  change  from  arterial  to  venous,  in  which  a  great  part  of  the  oxygen  disappears  and 
carbonic  acid  is  formed;  but,  when  secretion  commences,  the  ordinary  nutritive  changes 
are  not  sufficient  to  deoxidize  the  increased  quantity  of  blood,  and  the  venous  charatcer 
of  tlie  blood  coming  from  the  part  is  very  much  less  marked.  These  facts  enable  us  to 
form  a  pretty  clear  idea  of  the  mechanism  of  secretion ;  although  the  exact  nature  of 
the  forces  which  effect  the  changes  of  the  organic  principles  of  the  blood  into  the  charac- 
teristic elements  of  the  secretions  is  not  understood.  Experiments,  however,  have  shown 
tliat,  in  the  act  of  secretion,  there  are  two  tolerably  distinct  processes : 

1.  It  may  be  assumed  that,  at  all  times,  the  peculiar  secreting  cells  of  the  glands  are 
formmg,  more  or  less  actively,  the  elements  of  the  secretions,  which  may  be  washed  out 
of  the  part  or  extracted  by  maceration  ;  but,  during  the  intervals  of  secretion,  the  quan- 
tity of  blood  received  by  the  glands  is  relatively  small. 

2.  In  obedience  to  the  proper  stimulus,  when  a  gland  takes  on  secretion,  the  quantity 
of  blood  which  It  receives  is  four  or  five  times  greater  than  it  is  during  repose.  At  that 
time,  water,  with  certain  of  the  salts  of  the  blood  in  solution,  passes  into  the  secreting 
structure,  takes  up  the  characteristic  elements  of  the  secretion,  and  fluid  is  discharged 
by  the  duct. 

In  all  the  secretions  proper,  there  are  intervals,  either  of  complete  repose,  as  is  the 
case  with  the  gastric  juice  or  the  pancreatic  juice,  or  periods  when  the  activity  of  the 
secretion  is  very  greatly  diminished,  as  in  the  saliva.  These  periods  of  repose  seem  to 
be  necessary  to  the  proper  performance  of  the  function  of  the  secreting  glands  •  forming 
a  marked  contrast  with  the  constant  action  of  the  organs  of  excretion.  It  is  well 
known  for  example,  that  the  function  of  digestion  is  seriously  disturbed  when  the  act  is 
too  prolonged  from  the  habitual  ingestion  of  an  excessive  quantity  of  food 

From  the  considerations  already  mentioned,  it  is  evident  that  the  secretions,  as  a 
rule,  are  formed  by  the  epithelial  structures  of  the  glands.    There  has  been  a  great  deal 
ot  speculation  with  regard  to  the  mechanism  of  this  action  of  the  ceUs.    As  we  before 
remarked,  this  question  cannot  be  considered  as  settled.    It  does  not  seem  probable  that 
the  cells  are  ruptured  during  secretion  and  discharge  their  contents  into  the  ducts  for 
under  these  circumstances,  we  should  expect  to  find  some  of  their  structure  in  the 
secreted  fluid ;  whereas,  aside  from  accidental  constituents,  the  secretions  are  homogene- 
ous and  do  not  contain  any  formed  anatomical  elements.    There  is  no  good  reason  for 
supposing  that  this  action  takes  place  and  that  more  or  less  of  the  glandular  epithelium 
is  destroyed  whenever  secretion  occurs  ;  and,  in  the  present  state  of  our  knowledge  we 
can  only  assume  that  the  secreting  cells  induce  certain  transformations  in  the  oro-'anic 
elements  of  the  blood  and  modify  transudation,  without  pretending  to  understand  the 
exact  nature  of  this  process. 

The  theory,  that  the  discharge  of  the  secretions  is  due  simply  to  mechanical  causes  and 
IS  attributable  solely  to  the  increase  in  the  pressure  of  blood,  cannot  be  sustained  Press- 
ure undoubtedly  has  considerable  influence  upon  the  activity  of  secretion;  but  the  flow 
will  not  always  take  place  in  obedience  to  simple  pressure,- and  secretion  may  be  induced 
101  a  limited  time  without  any  increase  in  the  quantity  of  blood  circulating  in  the  gland 

tbe  glands  possess  a  peculiar  irritability,  which  is  manifested  by  their  action  in 
ntTrr  During  secretion,  they  generally  receive  an  increased 

quantity  of  blood;  but  this  is  not  indispensable,  and  secretion  may  bo  excited  without 
any  modification  of  the  circulation.  This  irritability  will  disappear  when  the  artery  sup- 
Plymg  the  part  with  blood  is  ligated  for  a  number  of  hours;  and  secretion  cannouZi 

SL      1  ;  fr''  '^g'^'"  ^"«^<^^^  t°  "■•°"l^te-    If  the  gland  be  no 

depnved  of  blood  for  too  long  a  period,  the  irritability  is  soon  restored   butt  may  be 
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ii-ritability,  although  their  properties  are  manifested  m  very  different  ways. 

.     •        /7,«  Production  of  the  Excretions.— GQrtuxn  of  the  glands  have  the  func- 

under  the  J'^'^'^.^^i^  of  L  secietions.  The  formation  of  excrementitious  principles 
eharactenstio  d  men  s  of^  with  the  general  process  of  nutrition;  and  in 

that  the  quantity  of  blood  which  this  organ  ^^^'^^^^J^^^ll'l^^  ^Te  and  inorganic  salts 
nutrition,  the  excess,  as  in  the  secreting  organs  ^^^^ J  f 

that  are  found  in  the  urine.    It  has  also  heen  sl^own  that,  ^^^^  ^^^^^  ,,1 
interrupted,  the  blood  of  the  renal  veins  becomes  dark,  like  the  blooa  m  b 

^^"S:r:L  of  excretion  is  not,  under  all  -^1.0^,^01^^  -  tl.  or^^^^^  ex^- 
tory  organs.    When  their  action  is  ^^^^^^^^^ 

follicles  of  the  stomach  and  mtestine,  may  "^  ^S  of  foreign  matters  ft-om  the  ^ 
but  this  is  abnormal  and  is  analogous  to  the  ehmination  ot  lorc  b  ^ 

blood  by  the  glands.  H 

Influence  of  the  Composition  an,  ^---^       f^^^  Xh^t"^^^^^^  ■ 
mal  conditions,  the  composition  of  the  blood      ^^'J^^^^^^^  cha-cteristic  principles  ^ 
ing  organs,  as  it  simply  furnishes  the  "^f^^^^^n  ^tr  a^^^^^^^^^    into  tie  system 
of  the  secretion  are  formed;  but,  ^^^f ''f  f  J^  fm^^^^^^^^  different  glandular 

or  are  injected  into  the  blood-vessels,  they  are  "^^^^^  J^^^^^  ^^^er  of  selection 
organs,  both  secretory  and  excretory    ^hese  oijans  s^^^^^^  ^^^^.^^^ 
in  the  ehmination  of  different  substances    ^hu  ,  sugar  terr^  y  ^^^^^ 
the  salts  of  iron,  are  eliminated  in  greates  quantity 

the  kidneys  and  the  gastric  tuhules;  and  -^^^  '  ^[  ^^^f^f  ^^Lrease  in  the  pressure  of 
The  act  of  secretion  is  almost  always  —^^^^Y^f^^,  Xown,  on  the  other  hand, 
blood  in  the  vessels  supplying  the  glands;  ^^^/^^/^^     ^^t  exert  an  opposing 
that  an  exaggeration  in  the  pressure,  ^      ^^^jf  of  Bernard  on  this  point 

influence,  increases  the  activity  of  secretion.  Jl^«  ^^^^.^tion,  particularly  the 

show  the  influence  of  pressure  upon  the  saliva^^y  and  t,e  lenal  ^^^P^  ^^^^^ 

latter.    After  inserting  a  tube  into  one  of  the  ^^/^^^ 

activity  of  the  renal  secretion  could  ^^^^^^^^  ^^  tls  tSen  found  that  the  flow  of 
was  increased  by  tying  the  afterward  diminished  by  the  abstrac- 

urine  was  markedly  increased.    The  pi  essure  was  a  ^  quantity  of  unne. 

Ln  of  blood,  which  was  followed       ^^^^^1^:1'^^  Jhe  suhmaxillary 

The  same  phenomena  ^'^^^  f^'^'^'^ZeTeSZ.^l  not  demonstrate  that  secretion 
secretion.    These  striking  lacts,  as  we  have  ah  ^ady  seen 

is  due  simply  to  an  increase  in  the  pressu  e  of  bloo^^^^^^  ^^^^^.^^  ,e 

edly  exerts  an  ^^V^^^^^,  l^^S^Z^o  be  effective.    Experiments  h^ve 


favorable  to  the  act  of  secretion  for  this  1""=;"  ^  ^^^^^^^  of  urine,  operating 
shown  that  pain  is  capable  of  completely  a  esjng  the  secre^^  ^^^^^^^^  ^^^^ 
undoubtedly  through  the  nervous  system.  "^J"  ^j^g^.^ce  the  secretion.  To  iHus- 
an  increase  in  the  pressure  of  blood  in  the  part  fails  to  influenc 
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trate  this  fact  more  fully,  Bernard  divided  the  nerves  on  one  side,  through  which  the 
reflex  nervous  action  was  communicated  to  the  kidney,  leaving  the  other  side  intact.  He 
then  found  that  increase  in  the  arterial  pressure,  accompanied  with  pain,  diminished  the 
flow  of  urine  upon  tlie  sound  side,  tlirough  which  the  nervous  action  could  operate  and 
increased  it  upon  the  other.  ' 

The  influence  of  pressure  of  blood  upon  secretion  may,  then,  bo  summed  up  in  a  few 
words:  There  is  always  an  increase  in  the  activity  of  secretion  when  the  pressure  of 
blood  in  the  glands  is  increased,  and  a  diminution  when  the  pressure  is  reduced;  except 
when  there  is  some  modifying  influence  operating  through  the  nervous  system. 

Influence  of  the  Mrvons  System  vpon  Secretion.-The  fact  that  the  secretions  are  gen- 
erally intermittent  in  their  flow,  being  discharged  in  obedience  to  impressions  which  are 
made  only  when  there  is  a  demand  for  the  exercise  of  their  functions,  would  naturallv 
lead  to  the  supposition  that  they  are  regulated,  to  a  great  extent,  through  the  nervous 
system;  parti^cularly  as  it  is  now  weU  established  that  the  nerves  are  capable  of  modifv- 
mg  and  regulating  local  circulations.  The  same  facts  apply,  to  a  certain  extent,  to  the 
excretions,  whicb  are  also  subject  to  considerable  modifications.  A  few  years  ago 
mdeed,  there  was  considerable  discussion  regarding  a  subdivision  of  the  reflex  system  of 
nerves,  which  was  supposed  to  preside  over  secretion  and  was  called  the  excito-secre- 
tory  system.  The  facts  which  led  to  the  description  of  this  system  of  nerves  had  long 
been  observed,  and  they  simply  illustrated  the  production  of  the  secretions  in  response  to 
irritation. 

Experiments  have  clearly  demonstrated  the  importance  of  the  nervous  influence  in  the 
production  of  the  secretions ;  but  the  observations  of  Bernard  show  that  the  effects  are 
produced  mainly  by  increasing  the  activity  of  the  circulation  in  the  glands.  This  takes 
p  ace  in  greatest  part  through  filaments  from  the  sympathetic  system,  which  are  dis- 

t  ^UU^l"       Tr      •  '''''''''  °^  ^'^PI^^^-    ^^^^  fil^^^ents  are 

divided,  he  circula  ion  is  increased  here,  as  in  other  situations,  and  secretion  is  the  result  • 

nhfvesLfstr  '     i\l  t^^l  -i^^  the  gland  be  galvanized,  contraction 

ot  tne  vessels  follows,  and  the  secretion  is  arrested 

With  regard  to  many  of  the  glands,  Bernard.has  shown  that  the  influence  of  the  sym- 
pathetic IS  antagonized  by  nerves  derived  from  the  cerebro-spinal  system,  which  latterTe 
caUs  the  motor  nerves  o  the  glands.  The  motor  nerve  of  the  submaxillary  is  the  horda 
of  th  '  "  I  ""'^  ^y-pathetic,  together  with  the  excretory  duct 

seSon  with  ^i'i^  "If       *  1'  '-'^""'^'^        '''''''''  sympathetirinduces 

Z7   Onn  l^  increase  m  the  circulation  in  the  gland,  the  blood  in  the  vein  becoming 

a  Lts  ^e  ^e.,  *       wJ'  °        ^^"'■'^'^  ^^'^P^^^'  '"^^  «y^P-thetic  being  intact! 

Serves  bo  ?'^'°'r^*rr"'  gl'^^l  <i-rk.   If  th^ 

thetic  .rn?     ^  n   alternately,  it  will  be  found  that  galvanization  of  the  sympa- 

SuTh  ifknol  J  '""T'  ''''''''''       ^"•^"l^*^^^       ^^«ites  secretion, 

inference  thrnT/  \'  ""^''^  ^^^^-^^ion,  to  admit  of  the 

Iff!  !     1  ^^^"'^^       possessed  of  nerves  through  which  reflex  nhenomonn 

btu^wv^rr"':"^'  '"'^  P^'^^^-  '"^^  or  ffnclna  ^   ve  of  he  gland 

St  aid  thf  "      °°         P^^^^  '•  ''''  ''^fl^^"-  °f       sympathetic  being  on 

Slant  and  the  same  as  in  other  parts  where  it  is  distributed  to  blood-vessels. 

quest  on  to  d^/^^^'^^Vr^  of  a  nervous  centre,  it  becomes  an  interesting 

ove  Z  P^''"°''^"  P'^'-t^  °f       ««°t'-al  nervous  system  pJI  id! 

origin  of  th  pneulTs^^^^  and  thoTlT   '  "'"^'^      i  '^  '''''  '''''''''''' 

pneumogastncs  and  the  auditory  nerves,  in  the  floor  of  the  fourth  ventricle 
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Mental  emotions,  pmn,  ana  ^""""^  ^     '  tem.    Numerous  familiar 

tionhas  long  been  such  as  the  seeretion  of  tears; 

instances  of  this  W  ^^o tuwrs-  etL^^^  arrest  of  the  secretion  of  the 

arrest  or  I'^'^fll^l'^^^^^^^         increase  in  the  secretion  of  the  kidneys  or  of  the 

other  examples  .hich  it  is  unnecess..  to 

^^X^cts  of  destruction  of  the  ^l^:^' Z 
glandular  organs  are  ^f-^^  ^.^^^^^^^'^.^'^^trf  was  the  secretion  arrested 

is  distributed  to  the  submaxillary  gland. 

General  Structure  of  Secretin,  Or,ans.-In  f  ^^^^^^j/ 
and  excretion,  it  has  been  evident  that  ^^^^f  ^^^^^^  ^Jf^f,^"^^^^^^^  changes 
to  furnish  the  materials  for  secretion  J^tteV^^^^^^^^ 
these  matters  into  the  ^l^^^acteristic  elements  of  the  se^^^^  ^ 

peculiar  principles  formed  by  the  cells  i^gtween  transndation  and  the  simplest 

Although  it  is  somewhat  difficult  to  d  aw  a  hue  betwee  ^     j^;^^  exhaled 

forms  of  secretion,  it  may  be  ---^j;;^f  f^^,  ^on  5  gla'llar  apparatus  or  of  a 
directly  from  the  blood-vessels,  withou  ^^y^^^^^^^^^"  ^^^^  ,i„,ple  membranes 
secreting  membrane,  are  transudations    wh^e  a  1  tlmas  P  secretions.  This 

or  by  follicles,  or  which  are  ^^^^^^Jl'^'^l^^^^^^^^^  L  all  ^oft  tissues  among  the 
division  places  the  intermuscular  ^^^^^^^  the  secretions, 

transudations,  and  the  serous  and  synovial  ^'''^^  "^l^  ,^^^  ^^^m  of  a  secreting  apparatus. 

The  serous  and  synovial  -^^^-^^  \°nd    ^^^^      surfaces,  are  arranged  one 
Blood  is  supplied  to  them  in  small  quant  ^,  and  o^h^^^^  ^^^^  ^^^^  ^^^^^^ 

or  two  layers  of  epithelial  cells  which  ^ff^^* J^^^^^^^^^  pleura  and  peritoneum,  the 

transuded  fluids.    In  some  of  the  ^^^^^  ^^^^^  ^  .e  ^^"^  ''"^'^'"^ 

amount  of  secretion  is  very  sma  1 ;  but  o  hei  7;;^      ,f  ,11  of  these  membranes 

^^^Srtve  now  a  pretty  "  ^  tj.  ~ 

glandular  organs ;  and  it  will  be  seen  ha  they  -  f^.^f^^^^^^ressed,  as  it  were,  into  a 

the  secreting  surface  is  increased,  and  at     o  sarn^^ 

comparatively  small  space.    The  ^^^^^dina  T  ^  ^'^^^^  "^^^''^ 

portion  of  the  mucous  membrane  ;  while  the  °  '^"^7  ducts.    These  ideas  con- 

ihan  collections  of  follicles  around  the  extremities  of  exc.etoiy 
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cerning  the  general  anatomy  of  the  glands  date  from  the  observations  of  Malpighi,  wlio 
was  the  first  to  correct  the  old  notion  that  the  secretions  were  discharged  into  the  glan- 
dular organs  through  openings  in  the  blood-vessels.  It  is  evident  that  nothing  could  have 
been  known  of  the  mechanism  of  secretion  before  the  connection  between  the  arteries 
and  veins  had  been  ascertained,  which,  it  will  be  remembered,  was  also  discovered  by 
Malpiglii.  Although  the  ideas  of  Malpighi  were  not  at  first  generally  received,  more 
recent  observations  with  the  microscope  have  shown  that  they  were  in  the  main  correct; 
although,  from  the  imperfection  of  his  optical  instruments,  Malpighi  was  unable  to  inves- 
tigate very  thoroughly  the  minute  structure  of  the  glands. 

Anatomical  Classification  of  Glandular  Organs. — The  organs  which  produce  the 
diflTerent  secretions  are  susceptible  of  a  classification  according  to  their  anatomical  pecu- 
liarities, which  greatly  facilitates  their  study.    They  may  be  divided  as  follows : 

1.  Secreting  membranes. — Examples  of  these  are  the  serous  and  synovial  membranes. 

2.  Follicular  glands. — Examples  of  these  are  the  simple  mucous  follicles,  the  follicles 
of  Lieberkuhn,  and  the  uterine  follicles. 

3.  Tubular  glands. — Examples  of  these  are  the  ceruminous  glands,  the  sudoriparous 
glands,  and  the  kidneys. 

4.  Racemose  glands,  simple  and  compound. — Examples  of  the  simple  racemose  glands 
are  the  sebaceous  and  Meibomian  glands,  the  tracheal  glands,  and  the  glands  of  Brunner. 
Examples  of  the  compound  racemose  glands  are  the  salivary  glands,  the  pancreas,  the 
lachrymal  glands,  and  the  mammary  glands. 

5.  Ductless,  or  Uood-glands.—Es.a.m^l^s  of  these  are  the  thymus,  the  thyroid,  the 
supra-renal  capsules,  and  the  spleen. 

The  liver  is  a  glandular  organ  which  cannot  be  placed  in  any  one  of  the  above  sub- 
.  divisions,  as  we  shall  see  when  we  come  to  treat  specially  of  its  anatomy.  The  lymphatic 
:  glands  and  other  parts  connected  with  the  lymphatic  and  the  lacteal  system  are  not 
.  embraced  in  the  above  classification.  These  are  sometimes  called  conglobate  glands. 
.  The  general  structure  of  secreting  membranes  and  the  follicular  glands  is  very  simple. 
The  secreting  parts  consist  of  a  membrane,  generally  homogeneous,  on  the  secreting  sur- 
!  face  of  which  are  found  epithelial  cells,  either  tesselated  or  of  the  variety  called  glandular. 
1  Beneath  this  membrane,  ramify  the  blood-vessels  which  furnish  the  elements  of  the  secre- 
:  tions.  Tlie  follicular  glands  are  simply  digital  inversions  of  this  structure,  with  rounded, 
:  blmd  extremities,  the  glandular  epithelium  lining  the  follicles. 

The  tubular  glands  have  essentially  the  same  structure  as  the  follicles,  except  that  the 

■  tubes  are  long  and  are  more  or  less  convoluted.    The  more  complex  of  these  organs  con- 
t  tarn  connective  tissue,  blood-vessels,  nerves,  and  lymphatics. 

The  compound  racemose  glands  are  composed  of  branching  ducts,  around  the  extrera- 
r  ities  of  which  are  arranged  collections  of  rounded  follicles,  hke  bunches  of  grapes.  In 
i  addition  to  the  epithelium,  basement-membrane,  and  blood-vessels,  these  organs  contain 
connective  tissue,  fibro-plastic  elements,  lymphatics,  involuntary  muscular  fibres,  and 
a  nerves.    In  the  simple  racemose  glands  the  excretory  duct  does  not  branch. 

The  ductless  glands  contain  blood-vessels,  lymphatics,  nerves,  sometimes  involuntary 
muscular  fibres,  fibro-plastic  elements,  and  a  peculiar  structure  called. pulp,  which  is  com- 
!■  posed  of  fluid  with  cells  and  occasionally  with  closed  vesicles:    These  are  sometimes  called 
blood-glands,  because  they  are  supposed  to  modify  the  blood  as  it  passes  through  their 

■  substance. 

The  testicles  and  the  ovaries  are  not  simply  glandular  organs ;  for,  in  addition  to  tlie 
proauction  of  mucous  or  watery  secretions,  their  principal  function  is  to  develop  certain 
anatomical  elements,  the  spermatozoids  and  the  ova.  The  pliysiology  of  these  organs 
win  be  considered  in  connection  with  the  suliject  of  generation 

Classification  of  the  Secreted  i?'Zz«cZs._The  "products  of  tlie  various  glands  maybe 
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divided,  according  to  thoir  function,  into  sdcretions  and  excretions.  The  secreted  fluids 
may  be  subdivided  into  tbe  permanent  secretions,  which  have  a  more  or  less  mechanical 
function,  and  transitory  secretions;  some  of  the  latter,  like  mucus,  are  thrown  off  m 
small  quantity,  without  being  actually  excrementitious ;  others,  like  most  of  the  digestive 
fluids,  are  produced  intermittently  and  they  rapidly  and  finally  undergo  resorption. 

Tabular  View  of  the  Secreted  Fluids. 
Secretions  Proper. 
Permanent  Fluids. 

Vitreous  humor  of  the  eye. 
Fluid  of  the  labyrinth  of  the  mtemal  ear. 
Cephalo  racbidian,  or  subarachnoid  fluid. 


Serous  fluids. 
Synovial  fluid. 
Aqueous  humor  of  the  eye 


Mucus,  in  many  varieties. 
Sebaceous  matter. 

Cerumen,  the  waxy  secretion  of  the  external  me 

atus. 
Meibomian  fluid. 
Milk  and  colostium. 
Tears. 


Transitory  Fluids. 
Saliva. 


Gastric  juice. 
Pancreatic  juice. 

Secretion  of  the  glands  of  Brunner. 
Secretion  of  the  follicles  of  Lieberkiihn. 
Secretion  of  the  follicles  of  the  large  intestine. 
Bile  (also  an  excretion). 


Excretions. 


Perspiration  and  the  secretion  of  the  axillary 
glands. 


Urine. 

Bile  (also  a  secretion). 


Fluids  containing  Formed  Anatomical  Elements. 
Seminal  fluid,  containing,  beside  spermatozoids,  the  secretions  of  a  number  of  glandular  structures. 
Fluid  of  the  Graafian  folUcles. 

Physiological  Anatomy  of  the  Serous  and  Synovial  Membranes. 
The  serous  and  synovial  membranes,  which  are  frequently  classed  together  by  anato- 

shut  sacs,  when  they  are  called  burste. 

the  form  of  a  close  net-work,  and  mmgled  ^^"'^^^^^^^^^^  the  serous 

numerous  blood-vessels.    It  has  not  been  ^f^^^^^^^^^^^^^  quite  abun- 

membranes  contain  nerves  and  lymphatics  ^^^^'^^^f^^^^^  covering  the 

dant  in  the  subjacent  parts,  particularly  ^^^/^^^^^^^f  ^^^^  polygonal  net-work,  with 

viscera.    The  capillary  blood-vessels  are  in  the  f°^-"^,^f^^Vs^°^^^^^^^^^  ^.,th  rather 

sharp  angles.    The  epithelium  of  the  serous  '"7^^^7;Xai\^^^^^        form  close- 
large  nucki,  and  is  easily  detached  after  death.  These  ^^^^^^^^  3,,r,t  ^n,  which  i 
sacs,  with  their  opposing  or  free  ^f-^, -^^1;  J^^S  cav^^^^  exception 
generally  very  small  in  ^^'ty  -  nsually  c        f^-^  f.       J,  i^^tly  in  apposition^ 
this  rule  is  the  arachnoid  membrane,  the  surtaces  oi 
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the  fluid  being  situated  beneath  both  layers.  The  peritoneum  of  tho  female  has  an  open- 
ing on  either  side  for  the  Fallopian  tubes. 

Synovial  Membranes.— The  true  synovial  membranes  are  found  in  the  diartlirodial  or 
movable  articulations ;  but  in  various  parts  of  the  body  are  found  closed  sacs,  sheaths 
etc.,  which  resemble  synovial  membranes  both  in  structure  and  in  function.  Every  mova- 
ble joint  is  enveloped  in  a  capsule,  which  is  closely  adherent  to  the  edges  of  the  articu- 
lating cartilage  and  is  even  reflected  upon  its  surface  for  a  short  distance.  It  was  for- 
merly thought  that  these  membranes,  like  the  serous  sacs,  were  closed  bags  with  one 
layer  attached  to  the  cartilage  and  the  other  passing  between  the  bones  so  as  to  enclose 
the  jomt;  but  it  is  now  the  general  opinion  that  the  cartilage  which  incrusts  the  articu- 
latmg  extremities  of  the  bones,  though  bathed  in  synovial  fluid,  is  not  itself  covered  bv 
a  membrane. 

The  fibrous  portion  of  the  synovial  membranes  is  more  dense  and  resisting  and  less 
elastic  than  the  serous  membranes.  It  is  composed  of  white  inelastic  fibrous  tissue  with 
a  few  elastic  fibres  and  blood-vessels.  The  latter  are  generaUy  not  so  numerous  as  in 
the  serous  membranes.  The  internal  surface  is  lined  with  small  cells  of  flattened  pave- 
ment-epithelium, with  rather  large,  rounded  nuclei.  These  ceUs  exist  in  from  one  to  two 
or  four  layers. 

_  In  most  of  the  joints,  especially  those  of  large  size,  as  the  knee  and  the  hip,  the  syno- 
vial membrane  is  thrown  into  folds  which  contain  a  considerable  amount  of  true  adipose 
tissue.  In  nearly  all  the  joints,  the  membrane  presents  fringed,  vascular  processes, 
caUed  sometimes  synovial  fringes.  These  are  composed  of  looped  vessels  of  considerable 
.  size;  and  when  injected  they  bear  a  certain  resemblance  to  the  choroid  plexus  The 
.  edges  of  these  frmges  present  numerous  leaf-like,  membranous  appendages,  of  a  great 
b  :net1hr:n  ^--"^  -^-^^d  near  the  attachment  of  the  mem 

1  brane  to  he  cartilage    There  is  no  reason  for  supposing  that  either  the  adipose  folds  or 

;  afanced  '  n'embrane,  although  such  a  theory  has  been 

The  arrangement  of  the  synovial  barsse  is  very  simple.    Wherever  a  tendon  nlavq 
c  over  a  bony  surface,  we  find  a  delicate  membrane  i  the  form  of  n  I  egula^^^^^^^^ 
clo  edsac,  one  aye r  of  which  is  attached  to  the  tendon,  and  the  otheT  o  the  bone' 

seer  e""  T  t*'^"""  ^''^^        ^^^'^  ^       ^^^--1  cavities,  a^d  they 

ZTin  ZlZr    T  :  .^-^^^^^"^  ^'^"■^^-^^         found  beneath  the  skin,  espe- 
l  the  LTplf       1   !    .  f '  integument  moves  over  bony  prominences,  as  the  olec  -anon 
'mncost    '  m'  b  ^'^^^^  -"ed  burs.. 

M  V  tt' "       T   T''  ''TT     "'"^  '^^^  ^       ^'^^"^^  ^^i'^^s  and  have  essen- 

bands  of  fibron,?-  "^^^V.""''  '''•^'^  frequently  traversed  by  small 

.  S  thf  C      T  ''"""'^  ''''''''''     ^^^^^^  c'^^als  in 

:  the  fi  !  17,.  '^^  '  f '  ^'""''''^^'^^  t^°<lons  of  the  flexors  and  extensors  of 
'  ZtZl  nn    T  ^^^^^^^^'^tially  the  same  structure  as  the  bursa,,  and  present 

'  Z  vasi  folds  f  ''''''  -fl-^^'l 

'  .found Trmanv  if  H    r       'I  T^''^""'^  ^^'^       ^^"^'^^^^  membranes,  are 

louna  in  many  of  the  bursro  and  the  synovial  sheaths. 

seroustlt''^'  ^'^f        ^'^'^  ^^^"''^^  Secretions.-In  the  normal  condition  of  the  true 
hasTeen  oT^'^'i '       ''"""^^  °'  ^^^^  ^"^^^ '  «°  tUat  neve 

and  smnii     •?  ^  ^  vaporous  exhalation.    Their  secretion  is  alwavs  liauid 

Slower  pi;     ILTf '\      r  P^™-^'"'!  -°        -motime  t 

wer  part  of  the  abdommal  cavity.    As  the  only  apparent  function  of  these  fluids 
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is  to  moisten  the  membranes  so  that  the  opposing  sm-faces  can  move  over  each  other 
without  undue  friction,  only  enough  fluid  is  secreted  to  keep  these  surfaces  m  a  proper 
IndWon    The  error  frequently  committed  by  authors,  in  descnhmg  the  serous  cxhala- 

Tns  as  vapo'ous  is  duo  t'o  the  Lt  that  a  vapor  is  ^^^^^^^^^l^j'^^^^^^^^^ 

^^^.La  oithfvr  in  alivinc  an  mal  or  m  one  recently  killea.    ims  vaporous 

"'"^"^tZ^Ir^r  oZTi^y^e  m>.    u  L«>  o.*les,  ao  oppomto  surfaces  of  tie 

serous  7"''™°»  """JJi'-'^^^rs \'  ",.0,0/       muscle.  »d  the  el.stic  tou^c 
r  ...eYo;:     r'  ^f  "i::  eipos,..  .he  .r.us„™„.  p.ritoue.ur.  and  .brough 

tiom  tne  lo       ^  collected  in  the  dependent  parts. 

„  clt:temM.Bce  to  e.ch  other.    They  are  either  f^Xl^f^m'T^^'^^^^^ 

t,ou  resembles  tlmt  of  the  »«^°»  »  ^  ,„,b„„,te  aud  phosphate  of  soda 

™rj  much  greater  — ^^^^^  oteUatious  upon  the  .erou,  duids  of 

and  a  little  glocosc.    These  fact,  are  "»  ^    ,  l„  „„am  the  normal  duids 

some  of  the  »™""'=^,f^,^^^  J,';Xe»  ""i""  ^iveu  of  the 

Ss  tm'rJi;trs;r„™\'Mrin  the  hLau  subject  .re  the  results  of  e^mlua- 
tions  of  large  morbid  accnmutotiom  gcnerallj  estimated 

The  normal  quarrtity  ''l^'^f^^XZ  Ztlu  l^^Z  sa!  of  the'horse  .0.- 
fZro"  r  hal,  ..ido  uces,  the  cavity  being  exposed 

half  to  seven  fluidounces.  _  of  the  normal 

These  estimates  are  simply  ^^.^^  ^.i;,! the  serous  cavities  of 
quantity  of  liquid  wh.ch        -a  onaWy  be  suppose  ^.^^  ^^^^^^^ 

the  human  subject.    Judgmg  from       ^^'^^^^^^^^  ^^^^^      pericardial  sac  contains 

with  that  of  a  horse,  it  may  be  f  f '/^  f.^^^^^^^^^^^     peritoneal  cavity,  from  one  to 
from  two  and  a  half  to  three  and  a  ^^^-^If  ^^^^^^^  ^        to  seven  fluidrachms. 
four  fluidounces;  and  the  pleural  sac  from  three  aud^^^^^      q,,antity  and  resembles  in 
The  fluid  in  the  cavity  of  the  tun.ca  ^  "  ^t^^^^^  o/subarachnoid  fluid 

-  cerebro-spmal  nervous  system. 

Syno^ial  ^^..-Although  t^^e  is  a  c^in  simH^ig  ^^^^ 

syBOv'ial  membranes,  their  -^t"":!  v7ov  S  h^^^^^^  a  mecLical  function; 
cd  characters.   Like  the  seros.ties,  ^^^^^^^^^f;  IJJ,  matter  than  the  serous 

hut  it  is  more  viscid  and  contams  a  -  ^  J^cate  freely  the  articulatin- 

fluids.    The  quantity  of  fluid  m  the         Z^'^;™  examined  immediately  afte 

surfaces.    In  a  horse  of  medmm  sxze  and  n  good  co^^^^^^^  ^^^^^^ 
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this  organic  matter  hns  been  extracted  and  mixed  with  water,  it  gives  to  the  fluid  tlie 
peculiar  viscidity  of  the  synovial  secretion.    The  reaction  of  the  fluid  is  faintly  allcaline 
on  account  of  the  presence  of  a  small  proportion  of  carbonate  of  soda.    The  fluid  espe- 
cially wlien  the  joints  liave  been  much  used,  usually  contains  in  suspension  pale  cpithe 
lial  cells  and  a  few  leucocytes.    The  following  is  the  composition  of  the  synovial  fluid 
of  the  human  subject: 

Composition  of  the  Synovial  Fluid.  (Robin.) 

r'"-- ;  f^s-oo 

bynovine  (called  albumen)   64-00 

Principles  of  organic  origin  (belonging  to  the  second  class'of  Robin)'. '. '. '. '  not "  estimated 
Fatty  matter  

Chloride  of  sodium  ) 

Carbonate  of  soda  (   6-00 

Phosphate  of  lime   ^ 

Ammonio-magnesian  phosphate. . .    traces 

The  observations  of  Frerichs  indicate  considerable  variations  in  the  composition  and 
general  characters  of  the  synovial  fluid,  dependent  upon  use  of  the  joints.  In  a  staU- 
ted  ox,  the  proportion  of  water  to  solid  matter  was  969-90  to  30-10;  and,  in  animals 
that  took  considerable  exercise,  the  proportions  were  948-54  of  water  to  51-46  of  solid 
matter.  In  the  ]a;ter,  the  fluid  was  more  viscid  and  contained  a  larger  proportion  of 
synovme  with  a  smaller  proportion  of  salts.  It  was  also  more  deeply  colored  and  con- 
tamed  a  larger  number  of  leucocytes. 

Like  the  serous  fluids,  the  synovial  secretion  is  produced  by  the  general  surface  of  the 
membrane  and  not  by  any  special  organs.  The  folds  and  fringes  which  have  been  de- 
scribed were  a  one  time  supposed  to  be  most  active  in  secreting  the  organic  matter,  but 
there  IS  no  evidence  that  they  have  any  such  special  office. 

The  aqueous  hnmor  of  the  eye  and  the  fluid  of  the  labyrinth  of  the  internal  ear  resem- 
willt^r°r  "T"''""'"  regards;  but  these  fluids,  with  the  vitreous  humor, 

Av.ll  oe  considered  m  connection  with  the  physiological  anatomy  of  the  eye  and  ear. 

Mucus. 

■  t.IZZZT^""'T~J^"  membranes  in  different  situations  present  impor- 

i  in  conn  A         /        "^T""'  "^^"^'-^"^  °f  the  air-passages  and  of  the  alimentary  canal 
Tarts  w  Hec"     .f -';J-t«,°f -Pi-^tion  and  digestion ;  and  the  membranes  in  othi 

tney  are  tound.    It  will  be  sufiicient  at  present  to  take  a  general  view  of  the  structure 

ItTherm^oTLir' ^  n 

■  provided  i^i  jV  ^  pavement-epithelium  ;  and  second,  those 

Sfes  or  t  t^n^'''-'^•'°°°^'f  ^P^^^^"""^-         '''''''  -^-^-^^  membran  s  line 
The  foil!  ^ith  the  exterior  by  the  different  openings  in  the  body 

braJ  s  If     7  P^'^'^'P"^  ^^'"^^^"'^^  variety  of' mucous  mem 

b  anes,  covered  with  pavement-epithelium,  are  found:  The  mouth,  the  lower  part  of  tl' 

s.  atioDs,  the  membrane  is  composed  of  a  chorion  made  up  of  inelastic  nJ  J.  T 
^oreorlessmLed;  L,i?  alS^S—  II/Z^:^^  S:!^^ 
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ingmisup  the  spaces  between  these  papHUe  so  ^  f 

surface.  Between  the  chorion  and  ''^Ylff^^^^ZZZ  the  glan- 

The  mucous  glands  open  npon  the  surface  o  ^^^J^f  l^^'  '^.^^^^  „,any  of 

dular  structure  is  situated  in  the  -^^^  ^  ^  ^us  ne^^^^  of  ?he  mouth,  pharynx, 
them  been  described  in  connection  with  he  ^^'^VrZnAs  presenting  a  collection  of 
and  .sophagns.  ^         ^^^^^^^^^^^  lined  or  filled  with 

follicles  arranged  ;"-'^"°^^^j^^;;^\7;'J,,,,„ent  epithelium  covering  these  membrnnes 
rounded,  nucleated  ep.thelum.  j^'!^^;^^  ^  J  ^.riety,  both  in  form  and  size.  Ihe 
exists  generally  in  several  layers,  and  pi  ^BJ^ts  gi eat  y-  polygonal.  The  deeper 
„,ost  superficial  layers  are  of  large  size,  ^^^^^^^^^^^^^^^^^^         Lm         to  ^  of  an 

;r  ^::^r::X^'t^^ = ^ 

-r^S:^;arietyofm_.;an^^^^^ 

lining  the  alimentary  canal  below  ^^^^  ^^^^^  7;^^^  the  npper  part  of  the  pharynx, 
the  excretory  ducts  of  all  the  glands,  ^^^f  /^^^'^^^^'^^  t  Je„  and  the  male  urethra, 
the  uterus  and  Eallopian  tubes,  the  bronch,^^^^  Eustac  n  n  _^  ,  ^^^^  ^^^^^^^  .^^  ^.^^^^ 
In  certain  situations,  this  variety  of  fP^th  hum  .  provi  ^^^.^^^  ^^.^^^^.^^  ^ 

l.air-like  processes  called  cdia.  ^^'J^^l^^'^'^SL  Ciliated  epithelium  is  found 
current  generally  in  the  direction  of  ^^f.^^r;;;"  ^^ee-quarters  of  an  inch  within  the 
throughout  the  nasal  passages,  commencing  ^^^^^^J^;  ^^^^^^  ^he  soft  palate  ;  the  Eu- 
nose  ;  in  the  upper  part  of  the  P^-^.-^^;*^/^^^^^^^^^^^^  and  bronchial  tubes,  until  they 
stachian  tube  ;  the  tympamc  cavity   tbe  larynx  ^  ^^^^.^^ .  j-^j. 

become  less  than  ^  of  an  inch  m  ^^T^  Z  ."^^^tL  ventricles  of  the  brain.  This 
lopian  tubes;  the  internal  ^'i^^^^^  "fJ^^Vriorion  a  basement-membrane,  and  epithe- 
vaWof  mucous  membrane  IS  formed  o^^a^^^^^  ^^^.^^^  ^.^^  fibro-plastic  ele- 

lium.    The  chorion  is  ^^^^''f'J^^^^^^ 

ments,  a  few  unstriped  musculai      es,  ammpn  ^^^^  ^^^^  ^^^.^^^       ,^  g^n- 

phatics.  It  is  less  dense  and  less  ^^^f  °  *f  ,  j  The  surface  of  these  membranes  is 
erally  more  closely  united  to  the  ^-^^^^^^'2e  2<^oL  membrane  of  the  pyloric  portion 
generally  smooth,  the  only  exception  ^^^^^  *  ^^^^^^^^..^^s  are  provided  with  folUcular 
of  the  stomach  and  the  small  ^-'^^^  'J^Zl  lT^^^  in  rounded  extremities, 

glands,  extending  through  ^eir  en  tie  tb  ckne^s  a  structure.  Many 

Lmetimes  single  and  sometimes  double  v^hicl^^^^^^^^  ^^^^^  through  the 

of  them  are  provided  also  with  ^^^  ^^^X^dfnL  submucous  areolar  tissue.  The 
membrane,  the  glandular  structure  bemg  situated  m  .^.^rphous  structure, 

columnar  epithelium  -vering  these  menibia^^^^  P^  sometimes  as 

called  basement-membrane.  I  S^^^^  f  ^.  P\^;^f;er.  The  cells  are  prismoidal,  with  a 
in  the  intestinal  canal,  there  is  only  a  ^^°f^^  '"J^t^ached.  The  lower  strata  of  cells 
Lge,  free  extremity,  and  a  pointed  end  ^^^^  ".j,,  i.yer.  The  cells  are  pale, 
; 'shorter  and  more  -nnded  than  those  .n  «^^^^  S  provide!  with  a  moderate-sized 
very  closely  adherent  to  each  other  by  then  de^  a  1^^  ^^^^^  ^^^^  ^  ^ 
oval  nucleus  with  one  or  two  nucleoli    The  lengtl  ^^^^  ^^^^.^.^^  the 

nch,  and  their  diameter,  fi-om  r.j.^^^^^  ^o  not  fill  uP  the  sp.aces 

surface  of  the  membranes,  the  cells      °^  ^^th  pavement-epithelium 

XT     w  Averv  one  of  the  great  variety  ot 
MecMnis^n  of  the  Secretion  of  ^^^^'^-^■'ll'^^l  of  tl!e  products  of  several  difterent 
fluids  imown  under  the  name  of  mucus  is  composed  o 
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glandular  structures.    According  to  Robin,  mucus  proper  is  produced  by  the  epithelial 
cells  of  that  portion  of  the  membrane  situated  on  the  surface,  between  the  opening  of 
the  so-called  mucous  follicles  or  glands ;  whUe  the  secretion  of  these  special  glandular 
organs  always  possesses  peculiar  properties.    It  is  undoubtedly  true  that  certain  mem- 
branes which  do  not  possess  glands,  as  the  mucous  lining  of  the  ureters  and  a  great  por- 
tion of  the  urinary  bladder,  are  capable  of  secreting  mucus.    The  mucous  membrane  of 
the  stomach  produces  an  alkaline,  viscid  secretion,  during  the  intervals  of  digestion 
when  the  gastric  glands  do  not  act ;  and  the  gastric  glands,  during  digestion,  secrete  a 
fluid  of  an  entirely  different  character.    The  fluid  produced  by  the  follicles  of  the  small 
intestine  likewise  has  pecidiar  digestive  properties.    These  circumstances,  and  the  fact 
that  the  entire  extent  of  the  mucous  membranes  is  covered  with  more  or  less  secretion, 
show  that  the  general  epithelial  covering  of  these  membranes  is  capable  of  secreting  a 
fluid  which  forms  one  of  the  constituents  of  what  is  ordinarily  recognized  as  mucus.  It 
is  impossible,  however,  to  separate  the  secretion  of  the  superficial  layer  of  cells  from  the 
other  fluids  that  are  found  on  the  mucous  membranes ;  and  it  will  be  more  convenient  to 
regard  as  mucus,  the  secretion  which  is  found  upon  mucous- membranes,  except  when  as 
in  the  case  of  the  gastric  or  the  intestinal  juice,  we  can  recognize  a  special  fluid  by  cer- 
tain distinctive  physiological  properties. 

In  the  membranes  covered  with  cylinder-epithelium,  which  are  usually  provided  with 
numerous  simple  follicles,  the  secretion  is  produced  mainly  by  these  folhcles,  but  in  part 
by  the  epithelium  covering  the  general  surface.  The  membranes  covered  with  pavement- 
epithehum  usually  contain  but  few  follicles  and  are  provided  with  simple  racemose  glands 
situated  in  the  submucous  structure,  which  are  to  be  regarded  rather  as  appendao-es  to 
the  membrane.  The  secretion  is  here  produced  by  the  epithelium  on  the  free  surface 
and  IS  always  mixed  with  fluids  resulting  from  the  action  of  the  mucous  glands 

There  is  nothing  to  be  said  with  regard  to  the  mechanism  of  the  secretion  of  mucus 
beyond  what  has  already  been  stated  in  connection  with  the  general  mechanism  of  secre- 
tion. All  the  raucous  membranes  are  quite  vascular,  and  the  cells  covering  the  mem- 
brane and  lining  the  follicles  and  glands  attached  to  it  have  the  property  of  taking  from 
the  blood  the  materials  necessary  for  the  formation  of  the  secretion.  These  principles 
pass  out  of  the  cells  upon  the  surface  of  the  membrane  in  connection  with  water  and 
morgamc  salts  m  variable  proportion.  Many  of  the  cells  themselves  are  desquamated 
and  are  found  m  the  secretion,  together  with  a  few  leucocytes,  which  are  produced  upon 
mucous  surftices  with  great  facility. 

Jj^J^Po^iiionand  VaHeties  of  Muct<,.-ln  comparing  the  secretions  of  the  different 
mucous  membranes  each  one  will  be  found  to  possess  certain  distinctive  peculiarities, 
more  or  less  marked ;  but  there  are  certain  general  characters  which  belong  to  all  varie- 
ties of  mucus.  The  fluid  is  usually  a  mixture  of  the  secretion  from  the  simple  membrane 
mo  nLTl  °'  f^-lf^or  glandular  appendages  and  always  contLs  a  certl 
cWcLr!  ^^l^'^'''^^'^''^'^^!'^ ;  and  it  is  frequently  possible,  from  the  microscopical 

condiUon  ot  tit  ^"^^^^.'^'^^If'^^^^'^'^  °f  '^Pithelium  must  not  be  regarded  as  a  necessary 
St  iHo  L  !     f  the^  desquamation  of  the  epidermil 

ous  I'  ti'  T?  "  "rfr  "'^'^^^^^  «f  perspiration  or  seba- 

.nembr^nl    ■  J*    ^  P-'^Perty  of  the  epidermis  and  the  epithelial  covering  of  mucous 

roT  bl:  throir^r^f  tf '  ''i  °'        ^'^"^  'ff<^te  struct! 

es  Deing  thrown  off,  and  the  admixture  of  these  with  mucus  is  simply  accidental 

coL  r::Z2  -—corpuscles,  are  the  result  of  irritation  S  tlTt 

ous  membrane  and  are  not  constant  constituents  of  normal  mucus. 

in  the  seer  Jin  .^i''"'  °'       ^'"''"^  ^  ^''^       cl^aracter  is  very  variable 

,       in  others,  almost  semisolid.    The  different  kinds  of  mucus  vary  considerably  n 
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.  of  them  aro  Derfcctly  clear  and  colorless ;  but  tbo  secretion 

general  appearance.  Some  of  them  '^'^  1^°""''J  ,  ,  ^j^^  microscope,  in  addition  to 
is  generally  grayish  and        ff-P'l^^J;,^,^™"^^^^^  give  to  the  fluid  its  semi- 

the  mixture  ^^jf^f  ^i^? t  ^  ^^^-^^'^^^  ^P^'—' 

opaque  character,  J.^^  Wers  of  a  nearly  transparent  substance,  with  many 

though  it  were  composed  ^f/'"^/^,^"'' ^^^^rlace  with  each  other,  and  they  are  ren- 
folds    These  delicate  st^^^^  Ta   t  c  This  appearance',  with  the  peculiar 

It  72^X^^i^        f'T  ^^"""^  °'  "^"^"^ 

,  .^t  dissolved.  An 

''V  Vt^^Ti^L  Jv2Z^t^^  conjunctival  mucous  membrane,  which  is  coagu- 
exception  to  this  is  the  secietion  oi  j  ^^^^^^.^^  ^j^^ 

lated  on  the  addition  of  water.        ^ct  ^Ims  y^^^  fluid  and  is  distinctly  acid, 
exception  to  this  being  the  vagina^^^  ^^.^^^^  ^^^^^^.^.^^ 

It  is  exceedmgly  difficult  to  get  an  exact  lue  i  .        -j.  ^^^^ural 

mal  mucus,  from  the  fact  that  the  quantity  ^^^^^^jj^jj^^^^^^^^  varieties,  how- 

condition  is  very  small,  being  just  sufficient      ^1^;-^^^        '^^^          to  the  fluid  its 
ever  contain  a  peeulh.  o„^ 

pecnhar  viscidity.    Tbey  likewise  pies  carbonate  of  soda,  phosphate  of 

chlorides  of  sodium  and  potassium  alkaline  ^^^ates  traces  of  iron  and  sUica. 

lime,  a  small  proportion  of  the  sulphates,  ^^^V  ^^^^J^^^Tt  g^^^^  to  the  secretion  its 
Of  all  these  constituents,  ^^.^c^^S  - 

characteristic  properties.  L  ke  ^  \;  J/^^  g,iLd  by  heat ;  and,  after  desica- 
coagulable  by  various  reagents.  ^^l^f  conlLce  by  the  addition  of  a  small  quantity 
tion,  it  can  be  made  to  assume  its  pecul  a  ^^^^'^'I'l^,^  ,f  the  strong  mineral 

of  water.  It  is  coagulated  by  acetic  ac  J  ^y  sma  l  q  J  ^1,^. 
acids,  being  redissolved  in  an  excess  of  t^eja^ei  It  ^s  a  ^^g^  ^^^^.^^ 
hoi,  forming  a  fibrinous  clot  soluble      Jot  and  cold  w  ecipitating  with 

isolated  by  adding  water  to  a  specimen  of  "^^^^f^^^^l^  dried,  be  exposed  to  water, 
an  excess  of  alcohol.    If  this  precipitate  after^h-mg  heen  d  P^^^^ 
it  assumes  the  viscid  consistence  peculiar  to  mncosme.    i      i  F 
gu "from  albumen  and  other  organic  niU-ogen.ed  P^-P^^  •  ^^^^  ^^^^ 

Nasal  Mucus.-The  nasal  mucus  ^^'^S.^,^;'!^* '^J^^^^       Us  appearance  and  com- 
the  Schneiderian  membrane,  P^^^^^^^^^^^^^  clear'or  slightly  opaque 

^^^^^  -^^^-^"^ 

is  the  composition  of  the  normal  secretion  : 

Composition  of  N^asal  Mucus.  (Robin.) 

^    933-00     to  947-00 

Water  •• 63-30     "  54-80 

Mucosine  (with  a  trace  of  albumen  .•')  -^  ^         ^.^q     „  g.Qo 

Lactate  of  soda  (?)  '  _  2-00     "  I'OB 

Of  anic  crystalUne  principles   ggtinjated.  5-01 

Fatty  matters  and  cholesterine   g.g^     ^„  5-09 

Chlorides  of  sodium  and  potassium   ^.^^^  g-OO 

Calcareous  and  alkaline  phosphates  •        ^.^^  j^^^  estimated. 

Sulphate  and  carbonate  of  soda  

This  is  the  secretion  of  the  general  mucous  sur- 
BroncMal  and  Fulmonanj       f  "'^  "l,''  jj^  tt,e  products  of  the  glands  situated  in 
face  of  the  larynx  and  bronchial  tul^^^- "^^^J*  tissue.    In  addition  to  this 

the  substance  of  t^^^-  -^^^^/i^te^vCr  c^ 
secretion,  there  is  an  exhalation  of  watery  vapoi 
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ing  from  the  air-cells  and  the  bronchial  tubes  less  Hmr,  t  •    i.  ■  ■>• 

are  not  provided  with  mucous  glands.    TMs  tr  e  t  of7„fcus  il'l^r  '"'^f'''  ^^"^^ 

simUar  to  nasal  mucus  in  its  appearance  and  generafcLacte-  "'^^  "  '""''^ 

Mums  secreted  J>y  the  Mucous  Membrane  of  the  Alimentary  Canal -Thvou'r^a.,  fl 
alimentary  canal,  from  the  mouth  to  the  anus  tho  lininn-         Z^"""'-    -liiroughout  the 
quantity  of  mucus,  which  does  not  differ  veTr^uch  3^^^  'T'''  f  '''''^^ 

tions.    This  secretion  appears  to  take  pIace\TepeiS^^^^ 

the  mucus  in  most  parts  of  the  tract  is  not  Vrir^wn  f  digestion,  and 

erties.  By  ligating  all  of  the  s  j  var,  ,ln.t  k  ^T''"'  P'™""^"  '^^^^^"^^  P^OP" 
secretion  fs  p^duced  by  the  cet To.eiW 't,  1  '''^^         P^"^"*^'^-  ^4 

mixed  with  the  secretioJ  of  the  L:  ateTll^t.,]!"^  °'       """"^^^  '^^^  ^« 

An  analogous  secretion  is  produced  bvlh  S^*^""^^ 

agus.    During  the  inter^^:  t  d   e  L^a^vS  f  ^'"^^  ^^'^  "^^P^" 

membrane  of  the  stomach    Th«  rLIf            .  '  ^  secretion  covers  the  mucous 

that  it  has  been  found    'pos  Jib  e  tf  sen^^^^^  ^"'^^                   -  viscid 

undoubtedly  a  secretion  'f  o^lt^  X  uti    cTns^^^^^^^^^^  ^"^^ 

membrane  of  both  the  small  and  ie  Ta^'e  in  es^ne  ^'^^"^ 

purely  mechanical  function,  serving  to  lubricate  thr^'  T      """""^T  ^^^^^^^  ^ 

ments  of  the  opposing  surfaces  against  eth  otL  '^""'^'^ 

thisi':i::;::irwrth?^^^^^^^^^^^^ 

position  of  this  fluid,  although'fi's  not  Wn  t  ^^'"^  ^"^^ 

of  the  UHnarv  plLl  Po^^^'^s  any  peculiar  properties, 

nary  passages.    T^^^ZfsZT^^.t:     }  °'  ^^^^^ed  by  the  nri- 

deposit,  which  forms  X  ^^udne  hrbTeLX;^  t'^'T/'  ^  ^^'"^  ^^-'^^ 
tain  amount  of  secretion  takes  place  from  tie  m!.  t""^      "  ^  ^^r- 

as  we  have  seen,  does  not  po  sess  Xndl  .7  ^"^^  ^^^^^1^. 

produced  in  very  mall  quantity  and  if  mn    ,  ""'^  ^'^^  '^^^  i 

microscopical  charactersTf  muc'^s  "^"^^  ordinary 

whiSj£Smt:TeS::X7o?^^^  ^^n^  ^  ^-^^  quantity  of  mucu, 

and  almost  entirely  wanting  in  viscid^  'fhe T""'  '^Tl'''''''  ""'"^^  '^'^""^tly  acid 
viscid,  and  distinctly  alkaline    ih   i  Lin..  ,       /  "^''^"^  ^le^r. 

abundant  during  pregnancy.    It  is  tl^I  v^T^T         '°  i«  ^^ry 

glands  found  in  this  situation.    The  mucrlf  thet^  ''''  ''''''^  -"-'^^^ 

tubes  is  alkaline,  of  a  grayish  color  Td  slWl  ''''''''  ^''^  Fallopian 

a.-e  greatly  modified  du'rinrlnst™;tTon    tIZ         \  '''''''''''      ^'^-^  P-^s 

erly  to  the  subject  of  geneLtior  ^t^U  be  ta^n  Zmor^^^  belong  prop- 

Conjunctival  Mucm     A  «r,inii  .        P         ^"^'•5'  hereafter, 

conjunctival  niucourm  '.^'btrld'Z  '  ^--^V^'''^'^^  --rs  the 

■tself  with  the  fluid  produced  by  the  1  I  muc^;f  r  f  f '  T''''''  ^^'"'^-ne 
the  eye.    A  peculiarity  of  this  vaiStv  nf  ^^^^^  ^"^'^  ^^^t^rnal  angle  of 

f  umen,  by  ke  action  of  pu  'o  wlS^    A        r"  -l^ite,  like  coagulated 

the  urethra  of  the  male,  and  Te  ".ina'  s  ^t  J  v^"^  ^^J^^^iva, 

Hecreted  in  abnormal  qua;tity.    tLXu  cont  ''"'^''^  ^"'"^^'^t  ^'hon 

more  or  less  puriform  eharlctei'  '  '"'"^^  I^ncocytes  and  have 

fon^;:7sStr/oefaTo^^^^  ^'^  character  of  mucus 

parts,  enables  their  surSs  to  mo^f  ft  eol      ""'"""^  "-"Cranes,  serves  to  protect  thTse 
-t-t  the  process  of  abS^t  17  T  ir^XnTon    T'^V'"'  ^ 
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,=  ;t  lin^  been  sliown  that  this  fluid,  in 
Aside  fro.  t.e  -cbanical  f^^^^^^^^^^^^  t:Z:;::Z!Zn..  is  capahle  of  prevent- 
connection  witli  the  epithelial  covei ing  of  the  m  ^^^^^^^^^  ^^^^^  ^.^^^^^ 

ing  the  absolution  of  certain  Bubs  anccB^^^^^^^^^^^  ^^.^^  ^^^^^  -.onous 

be  applied  with  impnnity       ^^^t-^^^^^^^^^^^^  neutralized  by  the  secre- 

offecis  if  introduced  into  the  effects  upon  the  system  when 

tions  of  the  parts,  for  they  ^^^^  P™f  J.  ttoduced  into  the  circulation ;  and  it  is  reason- 
-oved  from  resisting  their  absorption. 

able  to  suppose  that  tl^^^™"""'  interesting  experiment,  detailed  by  Eobm: 

This  fact  is  proven  by  t'^^/^l^^^^,^  ^^teiestmg     P  ,      ^.^^ane,  on  the  surface 

Let  an  endosmometer  be       ^^^f/' ^^^^^^^  intact,  and  in  the  interior  of  the 

of  which  the  epithelium  and  layer  of  7,«J.,  exposed  to  a  solution  con- 

fpparatus,  place  a  saccharine  solution  an^  M  tl.  m^^^^^^^^^^  ^J^^  ^,  ,pp,,«,uB,  but 
taining  some  venomous  fluid.    ^ Je^^^^\™^     the  mucus  and  epithelium  be  now 

the  poison  will  not  P^^^^^iff  ^^^^^^^a  ^  ^'^^'^ 
removed  with  the  fi^S-Tj,^^;^^^^^^^  and  an  animal  may  be  killed  with 

immediately  pass  through  that  pai t  endosmometer. 

Sebaceous  Fluids. 

The  general  cutaneous  surface  is  7^^^:^ S^JSl^^  is  tT^^ 
tar,  oily  Lretion,  called  sebum,  by  special  glands  opening 

fiel  in  certain  situations,  and  an  '^^^yj.^  fl^J^ery  much  like  the  ordinary  seba- 
into  the  external  meatus  of  ^^^l^^^fj^^X  eyeMs.    These  secretions,  called  respec- 
ceous  matter,  is  smeared  npon       f/^  ^^uVSe  secretion  of  the  ordinary  sebaceous 
tively  cerumen  and  Meibomian  fluid  lesem we 
glands  sufficiently  to  be  classed  with  it. 

downrhairs,  tL'se  glands  are  very  8--^^^^^;^'  palms  of  the  hands  and  the  soles  of 
orlss  numhers  in  all  parts  of  the  portions  of  the  prepuce  and  glan 

the  feet.    In  the  labia  minora  in       f^™;^^  ^l^^  racemose  sebaceous  glands  a  e 

penis  of  the  male,  parts  not  P^'^^J^ff  .7";^^  from  that  formed  by  the  ordinaiy 
Lnd,  which  produce  secretions  ^^^^^^^  ^he  female  are  very  large  and  arc  con- 
elands.    The  glands  in  the  areola  of  the  nippi 

nected  with  small,  downy  hairs.  racemose  glands,  that  is,  present- 

Nearly  all  of  the  sebaceous  ^'^fl^^T^^fLr.ton  duct,  or  compound  race- 

of  th   htS  with  which  they  a-  conn^^  arked  tha  th 

nected  with  the  small,  downy  hairs.    These  ^  ^^j^i,  tl^e  long  hairs  of  tae 

;  a?ds  may  be  divided  into  two  c  --;;;;^-;l'rtl   coarse,  short  hairs,  and  those  con- 
head,  face,  chest,  axilla,  and  genital  o.gans, 
nected  with  the  fine,  downy  hairs. 
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The  glands  connected  with  the  larger  hair-follicles  are  of  the  simple  racemose  variety 
and  are  from  -rk  to  jV  an  inch  in  diameter.  From  two  to  five  of  these  glands  are  gen- 
erally found  arranged  around  each  hair-follicle.  They  discharge  their  secretion  at  about 
the  junction  of  the  upper  third  with  the  lower  two-thirds  of  the  hair-follicle.  The  folli- 
cles of  the  long  hairs  of  the  scalp  are  generally  provided  each  with  a  pair  of  sebaceous 
glands,  measuring  from  to  j\  of  an  inch  in  diameter.  Encircling  the  hairs  of  the 
beard,  tlie  chest,  axilla,  and  genital  organs,  are  large  glands,  some  of  them  of  an  inch 
in  diameter,  arranged  m  groups  of  from  four  to  eight. 

The  glands  connected  with  the  follicles  of  the  small,  downv  hairs  are  so  lar-e  as  com- 
pared with  the  haii--follicles,  that  the  latter  seem  rather  as  Appendages  to  the  glandular 
structures.  These  glands  are  of  the  compound  racemose  variety  and  present  sometimes 
as  many  as  fif  een  crds-de-sac.  The  largest  are  found  on  the  nose,  the  ear,  the  caruncula 
lachrymahs,  the  penis  and  the  areola  of  the  nipple,  where  they  measure  from  A-  to  ,V 
of  an  inch.  The  glands  connected  with  the  downy  hairs  of  other  parts  are  usuair/smaf 
er.  The  glands  of  Tyson,  situated  upon  the  corona  of  the  glans  penis  and  behind  upon 
the  cervix,  are  sebaceous  glands  of  the  compound  racemose  variety  '  ^ 


'  ',4'^'^o^^^^^^^^^^  2.  bnlr;  3,  simple  Bebaceous  follicle  B 

2.  simple  follicle;  s/folliele'iXe  ?c' tly  divWed"^  B  ^."^^^^^  C,  a  gland  with  two  foUiclea :  n  ImiSiclo  •' 

^-foincie  ;  2,  ,  nrst  lobule;  3,  ^"S^t^SlZ^r^l^:^-^  ^^±;}t^^^ 

com^olete^l^SXVs'a^d  tltSr^l  ''T''  ^""^^^ 
racemose  glands  L  ^gS^^^^I^  ^ 
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with  an  external  layer  of  inelastic  and  Binull  elastic  fibres,  and  are  lined  by  cells.  Next 
Urmembrane,  the  cells  oxe  polyhedric,  pale,  and  granular,  most  of  thein  presentn.g  a 
nueleTand  a  Nucleolus;  but  ^.e  follicle  itself  -fains  fatty  ^^^^^^^^^^^^  tbe  oU^er  c  n- 
stituents  of  the  sebaceous  matter,  ^vith  colls  hi  ed  with  la      l^'"i'^'^reat  .uanlity  o 

de  s  t^rdTrridCa;^^  -^--'^^'^ r  r'L' 

and  ttr  appearance  I  quite  distinctive.  The  larger  glands  are  suxTounded  jv  i  h  cjl- 
f^ry  blood-ve'sels.    The  glands  which  open  into  the  larger  han-iolhcles  wdl  be  dlus- 

;i:iyttfaight  t^^^  lS;en:u:tes,th:sldn'and  a  rounded  or  ovoid  coil  situated  in  the 
neaily  straignt  tuue  w        i  ^^^^  cartilagmous  portion  of  the 

:rr  z\~  csrnt:i: The, — 

U,o  «  of  the  ,Mu,  »d  „,  f.-0»       .0  ^  of  »  ---^SetS  J„. 


o 


l- 

UJ 


—  o 
o  o 


CO 
LU 

CO 
Q 
LU 
LU 


o 


FIG.  100.-r.-»«H«o«.s-  f ;         „  2  aerma-  3,3,8eriesof  hair-follicles 
areolar  laj'or ;  6,  6,  ce.uminoiio  b  i 

T„e  ,a„Ma.  CO.  ;s  ^  o».  ^J^^^tZ^^^^^^^^ 
.in  inch  in  diameter.    It  is  simply  a  cou  pvfremitv    It  presents,  occasionally. 

fc™i„atiog  ;„  a  -"-Jf ,  „t  ^  J*,   u  etS  A  'o  ,h 

small,  lateral  protrusions.    The  diaraeT,er  oi  involuntary  muscular  fibres,  and 

crtern«ll,.f««  elastic  flbna  j^.'^j,/  These  oells  contain  numevom 

which  are  from  ^.-oVo      tsVs  iu<^ 
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brownish  or  yellowisli  pigmentary  granules.  The  tube  forming  the  gland  contains  a  clear 
tiuia  mixed  with  a  granular  substance  containing  cells. 

In  addition  to  the  ceruminous  glands  of  the  ear,  numerous  sebaceous  follicles  are  found 
connected  with  the  hair-follicles  here,  as  in  other  parts  provided  with  hair.    The  arranL^e 
ment  of  the  ordinary  sebaceous  glands  and  the  ceruminous  glands,  which  are  situated  in 
Uiaerent  planes  in  the  subcutaneous  structure,  is  shown  in  Eig  100 

The  Meibomian  glands  of  the  eyelids  have  essentiaUy  the  same '  structure  as  the  ordi- 
nary sebaceous  glands.  Their  ducts,  however,  are  longer,  and  the  terminal  follicles  are 
arranged  m  a  peculiar  manner  by  the  sides  of  the  tubes  along  their  entire  length 
These  glands  are  situated  partly  in  the  substance  of  the  tarsd  cartilages,  between 
thei  pos  erior  surfaces  and  the  conjunctival  mucous  membrane.  They  are  placed  at 
r.gh  angles  to  the  free  border  of  the  eyehds,  opening  upon  the  inner  ed^e  and  occup'' 
mg  the  entire  width  of  the  cartilages.  From  twenty-five  to  thirty  glands  are  found  inThe' 
upper,  and  from  twenty  to  twenty-five,  in  the  lower  lid 

Each  Meibomian  gland  consists  of  a  nearly  straight  excretory  duct,  from  ^  to  > 

twenty  of  these  collections  of  VSes  ^re  Zd^^'e^^er"^^^^^^  oTthe  d^  fnT  T 
of  medium  length.     Most  of  the  excretory  ducts  are  nearly   t-  ,t  but  sonfe  arl 

-'-^  aifangerntTth::: 

In  general  structure  there  is  little  if  any 

difterence  between  the  terminal  follicles  of  the 

Meibomian  glands  and  the  follicles  of  the  ordi- 
nary sebaceous  glands.    They  are  lined  with 

cells  measuring  from         to         of  an  inch  in 

diameter.    These  cells  contain  numerous  fatty 

globules,  but  they  do  not  coalesce  into  large 

drops,  such  as  are  often  seen  in  the  ordinary 

sebaceous  cells.     The  folhcles  and  ducts  are 

tiled  with  the  whitish,  oleaginous  matter  which 

constitutes  the  Meibomian  secretion,  or  the 

sebum  palpebrale. 

In  addition  to  the  Meibomian  secretion,  the 
edges  of  the  palpebral  orifice  receive  a  small 
amount  of  secretion  from  ordinary  sebaceous 
glands  of  the  compound  racemose  variety  (cili- 
ary glands),  which  are  appended  in  pairs  to  each 
ot  the  follicles  of  the  eyelashes,  and  from  the 
sebaceous  glands  attached  to  the  small  hairs  of 
the  carimcula  lachrymalis. 

Ordinari/  Sebaceous  ifa«er. -Although  it 
may  be  inferred,  from  the  great  number  of     •   .."M„/»,n»  ,.    „   „„,|ni  | 

suuace,  that  the  amount  of  sebaceous  matter  ™=(7»y2e<«  T  (Sappey.) 

roneoI'V°'''''^''?'°'  impossible  to  tlf^        "1  i  ""^^^^^^^^ 

CO  ect  the  normal  fluid  in  quantity  sufficient  for 
nit  mate  analysis.  In  certain  parts,  as  the  skhi 
ot  the  nose,  where  the  glands  are  particularly 
somet  '  T'"'''"  ^^^'■^^tion  is 


-.  .       uiiu  ml ,  i,  2,  anterior  li'n  n 

trated  by  the  eyelashes ;  3,  8,  posterior  1  p,  witl, 
the  openings  of  lie  Mciljomian  glands ;  4,  a  ffland 
passing  obliquely  at  the  summit;  6,  miother 
pland  bent  upon  itself;  G,  C,  two  frlau  ls  ?u  the 
lorm  of  raeemose  glands 'at  their  or  gin  •  7  a 
very  small  glaud ;  8,  a  medium-sized  gland 
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may  be  collected  in  small  quantity  upon  a  glass  slide  and  examined  microscopically   It  then 
esents  a  number  of  strongly-refracting  fatty  globules,  with  a  lew  ep.thehal  cells.  Ihe 
c  lis  twe^^^^      not  numeims  in  the  fluid  as  it  is  discharged  upon  the  genera  surface ; 
eel  s  howevei  aic  examined,  cells  will  here  be  found  m  great 

but, ,  the  contentB  of  the  ducts  ^J^^  the  oily  matter  only  is 

abundanc  ^f,«f  J.^^/^s  sec.e  ion  is  to  lubricate  the  general  cutaneous  surface 
td  ioli^t  to  ie         thit  Lftness  which  is  characteristic  of  them  when  in  a  perfectly 

'^t'Ts  :"y  when  the  action  of  the  sebaceous  glands  has  become  n.ore  or  Jess  n^odified 
it  s  oniy  w  obtained  in  sufficient  quantity  for  chemical  analysis;  but  we 

that  the  -'^'^'f'^''^^''^^^^^^  conditions  is  perfectly  normal.  The 

canno  be  in  worlcs  on  physiology,  was  the  result  of  an 

analysis  by  E^^-'s  w^^^^^  ^  f  aTgely-distended  hair-fohicle ;  and,  as  the  secretion  was 

mean  of  eight  analyses  of  this  fluid  was  as  follows : 

Composition  of  Sebaceous  Hatter. 

Water      270 

Oleine     135 

Margarine     3 

Butyric  acid  and  butyrate  of  soda   '  * ' '  

Caseine     2 

Albumen     87 

Gelatine  '  1"  i-  r  V   

Phosphate  of  soda  and  traces  of  phosphate  ot  hmc  •••••••   ^ 

Chloride  of  sodium  "   5 

Sulphate  of  soda    

1,000 

of  dry  air.    Robin,  who  has  reviewed  at  ^,,,;^e  or  some  analogous 

ployed  by  Lutz,  regards  the  matter  suppo  ed  to  be  e.the   ca    ^^^^^        ,^  ^^^^^  ^^^^ 

albuminoid  substance,  as  the  organic  ^^V^^^^'fth^^^  of  the  substances  desig- 

Bumbers  in  distended  sebaceous  glands.    He  ^  J'^^'';  ,  quantity  of  the 

nated  under  the  names  of  albumen,  ^^^^-^X^"^,  f;^;^S,tro;  of  epithelium.  This  view 
water  driven  oft'  by  desiccation,  as  ^'^P^f ^ows  XsVcollectLs  great  numbers  of 
is  very  reasonable,  as  the  microscope  always  the  contents  of  sebaceous 

epithelial  cells.    Cholesterine,  which  -^g^^^^^t^J  ^fl^^^^^^      analyses  by  Lutz. 
cysts,  does  not  exist  in  the  normal  ^^'^^''^t.on  Ji    as  it  to  ^^^^^^^^^ 

Dnring  the  latter  months  of  pregnancy  and  ^^^^^^^^^^^^^^  g.ayish-white,  opaque 

the  areola  of  the  nipple  ^-ome  considc^^^^^^  "JrequeU  the  fluid  contains 

secretion,  containing  numerous  °>lyf^l°^"\  ^J^X^.Hods  above  indicated,  the  secretion 

also  a  large  number  of  ^P^^f^^^^,:;^^  sebaceous  glands. 

here  is  always  much  more  abundant  tnan  lu.  v  ^ 

.    J,  T  xj,Q  folds  of  the  prepuce  of  tlie 

Smegma  of  the  Prepuce  and  f  f  f,^;?!^,^^  minora  in  the  female,  a  small  quantity 

male  and  on  the  inner  surface  and  folds  of  the  labia  mmo 
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of  a  whitish,  gruraous  matter,  of  a  choosy  consistence,  is  sometimes  found,  particularly 
when  proper  attention  is  not  paid  to  cleanliness.  The  matter  which  thus  collects  in 
the  folds  of  the  prepuce  has  really  little  analogy  with  the  ordinary  sebaceous  secretion. 
Examination  with  the  microscope  shows  that  it  is  composed  almost  entirely  of  irregular 
scales  of  pavement-epitheham,  which  do  not  present  the  fatty  granules  and  globules  usu- 
ally observed  in  the  cells  derived  from  the  sebaceous  glands.  Eobin  regards  the  produc- 
tion of  this  substance  as  entirely  independent  of  the  secretion  of  sebaceous  matter,  as  it 
is  formed  chiefly  in  parts  of  the  prepuce  in  which  the  sebaceous  glands  are  wanting. 

The  smegma  of  the  labia  minora  is  of  the  same  character  as  the  smegma  preputiale ; 
but  it  contains  drops  of  oil  and  the  other  products  of  the  sebaceous  glands  found  in  these 
parts. 

Vernix  Caseosa.—Tha  surface  of  the  foetus  at  birth  and  near  the  end  of  gestation  is 
generally  covered  with  a  whitish  coating,  or  smegma,  called  the  vernix  caseosa.  This  is 
most  abundant  in  the  folds  of  the  skin;  but  it  usually  covers  the  entire  surface  with  a 
coating  of  greater  or  less  thickness  and  of  about- the  consistence  of  lard.  There  are 
great  differences  in  foetuses  at  term  as  regards  the  quantity  of  the  vernix  caseosa.  In 
some  the  coatiug  is  so  sHght  that  it  would  not  be  observed  unless  on  close  inspection. 
There  are  few  analyses  giving  an  accm-ate  view  of  the  ultimate  composition  of  this 
substance ;  and  we  can  form  the  best  idea  of  its  constitution  and  mode  of  formation  from 
microscopical  examinations.  If  a  small  quantity  be  scraped  from  the  surface  and  be  spread 
out  upon  a  glass  slide  with  a  little  glycerine  and  water,  it  will  be  found,  on  microscopical 
examination,  to  consist  of  an  immense  number  of  epithelial  cells,  with  a  very  few  small, 
fatty  granules.  In  the  following  table,  it  is  seen  that  these  cells,  after  desiccation,  con- 
stituted about  ten  per  cent,  of  the  entire  mass.  The  fatty  granulations  are  very  few  and 
do  not  seem  to  be  necessary  constituents  of  the  vernix,  as  they  are  of  the  sebaceous  mat- 
ter. In  fact,  the  vernix  caseosa  must  be  regarded  as  the  residue  of  the  secretion  of  the 
sebaceous  glands,  rather  than  an  accumulation  of  true  sebaceous  matter. 

Composition  of  the  Vernix  Caseosa.  (Robin.) 

^''*er   /j-eg.go  to  W8-T0 

Nitrogenized  matter,  mucous  or  caseous   4.50 

Desiccated  epithelium   101 '30 

Cholesterino, 

Oleine  and  margarine,  L   1 08-25 

Oleates  and  margarates  of  potassa  and  of  soda,  ) 
Chloride  of  sodium, 
Hydrochlorate  of  ammonia,  f 

Phosphate  of  soda  and  of  lime,    (    ^'^'^5 

Ammonio-magnesian  phosphate,  ) 

The  function  of  the  vemix  caseosa  is  undoubtedly  protective.  If  we  attempt  to  mako 
a  microscopical  preparation  of  the  cells  with  water,  it  becomes  evident  that  the  coat- 
ing is  penetrated  by  the  Hquid  with  very  great  difficulty,  even  when  mixed  with  it  as 
thoroughly  as  possible.  Indeed,  we  never  observe  at'  birth  the  peculiar  effects  of  pro- 
longed contact  of  the  cutaneous  surface  with  water.  The  protecting  coat  of  vernix  caseosa 
allows  the  skin  to  perform  its  functions  in  ntero,  and,  at  birth,  when  this  coating  is 
removed,  the  surface  is  found  in  a  condition  perfectly  adapted  to  extra-uterine  existence 
It  IS  not  probable  that  the  vernix  caseosa  is  necessary  to  facilitate  the  passage  of  the  child 
mto  the  world,  for  the  parts  of  the  mother  are  always  sufficiently  lubricated  with  mucous 
SGcrction, 

Cerumen.— k.  peculiar  substance  of  a  waxy  consistence  is  secreted  by  the  (rkndc  thnt 
have  been  described  in  the  external  meatus,  under  the  name  of  ceruminous  glands,  mixed 
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with  the  secretion  of  sebaceous  glands  connected  with  the  short  hairs  in  this  situation. 
It  is  difficult  to  ascertain  what  share  these  two  sets  of  glands  have  in  the  formation  of 
the  cerumen.  Ilobin  is  of  the  opinion  that  the  waxy  portion  of  the  secretion  is  produced 
entirely  by  the  sebaceous  glands,  and  that  tlie  convoluted  glands,  commonly  known  as  the 
ceruminous  glands,  produce  a  secretion  like  the  perspiration.  He  calls  the  latter,  indeed, 
the  sudoriparous  glands  of  the  meatus.  This  view  is,  to  a  certain  extent,  reasonable; 
for  the  sebaceous  matter  is  not  removed  from  the  meatus  by  friction,  as  in  other  situa- 
tions, and  would  have  a  natural  tendency  to  accumulate.  But  the  contents  of  the  ducts 
of  the  ceruminous  glands  differ  materially  from  the  fluid  found  in  the  ducts  of  the  ordi- 
nary sudoriparous  glands,  containing  granules  and  fatty  globules,  such  as  exist  in  the 
cerumen.  Although  the  glands  of  the  ear  are  analogous  in  structure,  and,  to  a'  certain 
extent,  in  the  character  of  their  secretion,  to  the  sudoriparous  glands,  the  fluid  which  they 
produce  is  peculiar.  We  shall  see,  also,  that  the  perspiratory  glands  of  the  axilla  and  of 
some  other  parts  produce  secretions  differing  somewhat  from  ordinary  perspiration.  As 
far  as  can  be  ascertained,  the  cerumen  is  produced  by  both  sets  of  glands.  The  sebaceous 
glands  attached  to  the  hair-folHcles  probably  secrete  most  of  the  oleaginous  and  waxy 
matter,  while  the  so-called  ceruminous  glands  produce  a  secretion  of  much  greater  fluid- 
ity, but  containing  a  certain  amount  of  granular  and  fatty  matter. 

The  consistence  and  general  appearance  of  cerumen  are  quite  variable  within  the  lim- 
its of  health.  When  first  secreted,  it  is  of  a  yellowish  color,  about  the  consistence  of 
honey,  becoming  darker  and  much  more  viscid  upon  exposure  to  the  air.  It  has  a  very 
decided  and  bitter  taste.    It  readily  forms  a  sort  of  emulsive  mixture  with  water. 

Examined  microscopically,  the  cerumen  is  found  to  contain  semisolid,  dark  granula- 
tions of  an  irregularly  polyhedrio  shape,  with  epithelium  from  the  sebaceous  glands,  and 
epidermic  scales,  both  isolated  and  in  layers.    Sometimes,  also,  a  few  crystals  of  choles- 

terine  are  found.  -,    ~  . .  -n 

Chemical  examination  shows  that  the  cerumen  is  composed  of  oily  matters  fusible  at 
a  low  temperature,  a  peculiar  organic  matter  resembhng  mucosine,  with  salts  of  soda 
and  a  certain  quantity  of  phosphate  of  lime.  The  yellow  coloring  matter  is  soluble  in 
alcohol:  and  the  residue  after  evaporation  of  the  alcohol  is  very  solub  e  m  water  and 
may  be  precipitated  from  its  watery  solution  by  the  neutral  acetate  of  lead  or  the  chloride 
of  tin.    This  extract  has  an  exceedingly  bitter  taste. 

The  cerumen  lubricates  the  external  meatus,  accumulating  in  the  canal  around  the 
hairs.  Its  peculiar  bitter  taste  is  supposed  to  be  efficient  in  preventing  the  entrance  of 
insects. 

Meil>omian  Secretion.-Yevj  little  is  known  concernmg  any  special  properties  of  the 
Meibomian  fluid,  except  that  it  mixes  with  water  in  the  forrn  of  ^^^^^i^/^^^^f 
than  the  other  sebaceous  secretions.  It  is  produced  in  small  quantity,  mixed  ^  jex- 
tain  amount  of  mucus  and  the  secretion  from  the  ordinary  sebaceous  glands  ^"ached  o 
the  eyelashes  (ciliary  glands)  and  the  glands  of  the  cai^uncula  ^-^^ryf^^^'^/^^sTt^^ 
the  edges  of  the  palpebral  orifice.  This  oily  coating  on  the  edges  of  tl^e  Ms,  unless  the 
tears  be  produced  in  excessive  quantity,  prevents  their  overflow  upon  the  cheeks  and 
directs  the  excess  of  fluid  into  the  nasal  duct. 

Mammary  Secretion. 

The  mammary  glands  are  among  the  most  ^^-^'-'^fl'^'S''^^''^f^^ 
only  from  the  peculiar  character  of  their  secretion,  wh  ch  is  unlike  *  J 
other  of  the  glLds,  but  from  the  great  changes  which  they  undergo  «  f  ^  "  f/jf^^' 
both  in  size  L  stmcture.    Rudimentary  in  early  life,  and  in  the  male  at  a  1  penod  o 
life,  these  organs  are  fully  developed  in  the  adult  fema  e,  only  m  the  latt^^^^  u  onths  o^^ 
pregnancy  and  during  lactation.    It  is  ti-ue  that,  in  the 

mary  glands  undergo  a  marked  and  rapid  increase  in  size ;  hut  even  then  they  are 
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fully  developed,  and,  if  examined  with  the  microscope,  they  are  found  to  lack  the  essential 
anatomical  characters  of  secreting  organs.  The  physiological  anatomy  of  the  mammary 
glands  consequently  possesses  peculiar  interest,  aside  from  the  great  importance  of  tlieir 
secretion. 

It  will  be  found  convenient  to  consider  these  organs  in  three  stages  of  development  • 
viz.,  in  their  rudimentary  condition,  as  they  exist  in  the  male  and  in  the  female  before 
puberty;  in  the  partially-developed  state,  as  they  are  found  in  the  unimpregnated  female 
after  puberty  and  during  the  intervals  of  lactation ;  and,  finally,  in  the  fully-developed 
condition,  when  milk  is  secreted. 

Physiological  Anatomy  of  the  Mammary  Glands. 
The  form,  size,  and  situation  of  the  mammee  in  the  adult  female  are  too  well  known 
to  demand  more  than  a  passing  mention.  These  organs  are  almost  invariably  double 
and  are  situated  on  the  anterior  portion  of  the  thorax,  over  the  great  pectoral  mus- 
cles. In  women  who  have  never  borne  childi-en,  they  are  generally  firm,  nearly  hemi- 
spherical, with  the  nipple  at  the  most  prominent  point.  In  women  who  have  borne 
children,  the  glands,  during  the  intervals  of  lactation,  are  usually  larger,  are  held  more 
loosely  to  the  subjacent  parts,  and  are  apt  to  become  flabby  and  pendulous.  The  areola 
of  the  nipple  is  also  darker. 

In  both  sexes,  the  mammary  glands  are  nearly  as  fully  developed  at  birth  as  at  any 
time  befoi-e  puberty.  They  make  their  appearance  at  about  the  fourth  month,  in  the 
form  of  little  elevations  of  the  structure  of  the  true  skin,  which  soon  begin  to  send  off- 
processes  beneath  the  skin,  which  are  destined  to  be  developed  into  the  lobes  of  the 
glands.  In  the  foetus  at  term,  the  glands  measure  hardly  more  than  one-third  of  an  inch 
m  diameter.  At  this  time,  there  are  from  twelve  to  fifteen  lobes  in  each  gland,  and 
each  lobe  is  penetrated  by  a  duct,  with  but  few  branches,  composed  of  fibrous  tissue 
SntpT  ,  '7  r  T"''  ^P^*^^^^™-  The  ends  of  these  ducts  are  frequently  somewhat 
dfiated;  but  what  have  been  called  the  gland-vesicles  do  not  make  their  appearance 

Itmtl^lp  *     r  t^i^'J^e^^-    In  their  structure,  however,  they  pre- 

sent httle  If  any  difference  from  the  rudimentary  glands  of  the  infant. 

P.nah  V""^  °^  ^"^''*/  ^PP^-°^''^^^  the  female,  the  rudimentary  ducts  of  the  diff^er- 
ent  lobes  become  more  and  more  ramified.   Instead  of  each  duct  having  but  two  or  three 

S  wV  bf  *  ''^'rr  P-^t-*^^      fnnumerable  rami- 

Zn?the  L""T        rT""'  T  '^^""'^^^  -  -  long 

ry  cond    on  of  r   1    1       "  "  "7      "'"^^  ^'^t-ity.  The  ordina 

ry  condition  of  the  gland,  as  compared  with  its  sti-ucture  during  activity,  is  one  of  atrophy. 

timft^f  f  5««^™«ry  Glands  during  the  Intervals  of  Zactation.-At  this 

nne  the  g  ands  are  not  secreting  organs.  They  present  the  ducts,  ramifying,  to  a  ceiC 
ex  ent,  in  the  substance  of  the  lobes  into  which  the  structure  is  divided  b^t  the  r  LancC 
tl    otl    1  the  glandular  acini  that  are  observ  dT  "  '^^^^^^^^^^ 

em  So       7  ''''  °f        glanris  Lost 

S?o:   h^^  ^T"'^^,  t«  ^  ~-«ng  conditio^  at  the^d: 

disannem     Af  f?  I       t      f  hranches,  and  most  of  the  secreting  culs-de-sac 

g  anX  n.nt  J'^^"  ^^i^h-^Wte  color  and  lose!  the 

granular  appearance  which  it  presents  during  functional  activity    The  duot^  Ivn  .i 

ormilk  ^"irr  p---*-pit'-i^-,  which  is  notL 'd  it  ^rscet 
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Structure  of  the  Mammary  Glands  during  Lactation.-BeUvaen  tho  fourth  and  the 
fifth  month  of  utero-gestation,  tho  mammary  glands  begin  to  increase  in  size ;  and  at 
terra,  they  are  very  much  larger  than  during  tho  unimpregnatcd  state.  At  this  time  tho 
breasts  become  quite  hard,  and  tho  surface  near  the  areola  is  somewhat  uneven,  from 
the  great  development  of  the  ducts.  The  nipple  itself  is  increased  lu  size,  the  papilhe 
upon  its  surface  and  upon  the  areola  are  more  largely  developed,  and  the  areola  becomes 
larger,  darker,  and  thicker.  The  glandular  structure  of  the  breasts  during  the  latter  hall 
of  pregnancy  becomes  so  far  developed,  that,  if  the  child  be  bom  at  the  seventli  month, 
the  lacteal  secretion  may  generally  be  established  at  the  usual  time  after  parturition. 
Even  wben  parturition  takes  place  at  term,  a  few  days  elapse  before  Becretion  is  fully 
established,  and  the  first  product  of  the  glands,  called  colostrum,  is  very  different  from  the 
fully-formed  milk. 

The  only  parts  of  the  covering  of  the  breasts  that  present  any  pecul.arities  are  the 
areola  and  the  nipple.  The  surface  of  the  nipple  is  covered  with  papillae,  which  are 
very  largely  developed  near  the  summit.  It  is  covered  by  epithelium  in  several  layers, 
the  lower  strata  being  filled  with  pigmentary  granules.  The  true  skin  covering  he  n,p- 
is  is  composed  of  inelastic  and  elastic  fibres,  containing  a  large  number  of  sebaceous 
dands  but  no  hair-follicles  or  sudoriparous  glands.  According  to  Sappey,  hese  glands, 
wMch  aie  from  eighty  to  one  hundred  and  fifty  in  number,  are  always  of  tbe  racemose 
variety  and  they  never  exist  in  the  form  of  simple  follicles,  as  they  are  described  by  most 
Inatom  sts.  The  nipple  contains  the  lactiferous  ducts,  fibres  of  inelastic  and  e  astic  tis- 
sue w"h  an  immense  number  of  non-striated  muscular  fibres.  The  muscular  fibres  have 
no  drfinlte  direction,  but  are  so  numerous  that,  wben  they  are  contracted,  the  nipple 
becomes  very  firm  and  bard.  The  nipple,  althougli  it  may  thus  become  bard  upon  th 
J;;rtion  o?  com  or  other  stimulus,  presents  none  of  the  anato^.eal  ^^^^ 
the  true  erectile  organs,  as  is  erroneously  supposed  by  some  authois  ,  and  its  haidenm, 
is  simply  due  to  contraction  of  its  muscular  fibres.  _ 

The  areola  does  not  lie,  like  the  general  -tegument  covermg  th  g  and  ui^^^  a  bed 
of  adipose  tissue,  but  it  is  closely  adherent  to  tbe  -bjacent  glandulai 
skin  here  is  much  thinner  and  more  delicate  than  in  otber  parts,  and  the  V^S^^^i^  J 
tZules  are  very  abundant  in  some  of  the  lower  strata  of  epidermic  cell  ,  1  ait'cularly 
f::::^;^^^.  The  tme  skm  of  the  areola  is  composed  of  ^^^^^l 
and  lies  upon  a  distinct  layer  of  non-stria  ed  ^^'^^fi.^  f "  J^^',";  ^Xming  con- 
muscular  fibres  (sometimes  called  the  --^^^■'^''^  ^""'"''^  'ff''^^^^^^^ 
centric  rings  around  the  nipple.  These  fibres  ^^'^  ^^^^^^^^^^  f  loling  stTu'ctures: 
tbe  ducts  during  the  discharge  of  m  k.  The  f^^'^^^^  ^P^f  f/^tp  con- 
numerous  papilla,  considerably  smaller  than  ^^f^^^^^f  ^^ctils  glan^^  connected 
taining  small,  rudimentary  hairs ;  sudoriparous^ glands    and  seba^^^^^^^^  ^^^.^ 

with  the  hair-foUicles.  The  sebaceous  glands  in  ^^"^  .^^^^^^.^^'^.J^^^'^fei  .^e  espe- 
situation  is  indicated  by  little  prominences  on  the  surface  of  the  aieola, 

^"^t:^S?Ss  Of  tl.  compound  — 

is  also  found  in  the  substance  of  the  gland  1^^*-^^;^  ^^^^^^^       1,,,     found  divided 
Separated  from  tbe  adipose  and  fibrous  tissue,  tlje  ™a  y  g  a  ^^^^i.id.a 
into  lobes,  from  fifteen  to  twenty-four  m  number,    ^he^'  ^^^^^^^^^  The  secreting 

into  lobules  made  up  of  a  greater  or  less  numbei;  of  J^^' ,  decided 
structure  is  of  a  reddish-yellow  color  and  is  aistincuy  „,„  'i  ,i,„.iniT  the  intervals 
contrast  to  the  pale  and  uniformly  fibrous  ^f^'-J'^'',^^^^  substance 
of  lactation.  If  the  ducts  be  injected  from  the  "'if  ^'^^^^^.'^^J^^^aYsUnct  lobe  ;  so  that 
of  the  gland,  each  one  will  be  ^^--'^  f^'^'^^^^^^^^^^^  with  each 

the  organ  is  really  made  up  of  a  number  of  glands,  in  then  structuie 
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otiier.  It  wiU  be  most  convenient,  in  studying  the  intimate  structure  of  tlio  gland  to 
begin  at  the  nipple  and  follow  out  one  of  the  ducts  to  the  termination  of  its  branches  in 
the  secreting  culs-de-sac. 

The  canals  which  discharge  the  milk  at  the  nipple  are  called  lactiferous  or  galac- 
tophorous  ducts.  They  vary  in  number  from  ten  to  fourteen.  The  openings  of  the  ducts 
at  the  nipple  are  very  small,  measuring  only  from  to  of  an  inch.  As  each  duct 
passes  downward,  it  enlarges  in  the  nipple  to  ^  or  of  an  inch  in  diameter,  and  beneath 
the  areola  it  presents  an  elongated  dilatation,  from  A  to  I  of  an  inch  in  diameter  called  the 
sinus  of  the  duct.  During  lactation,  a  considerable  quantity  of  milk  collects  in  these  sinuses 
which  serve  as  reservoirs.  Beyond  the  sinuses,  the  caliber  of  the  ducts  measures  from' 
to  ^  of  an  inch.  They  penetrate  the  different  lobes,  branching  and  subdividing  to 
termmate  finally  m  the  collections  of  which  form  the  acini.    Most  modern 

observers  are  agreed  that  there  is  no  anastomosis  between  the' different  lactiferous  ducts 
and  that  each  one  is  distributed  independently  to  one  or  more  lobes  ' 


portion  of  one  of  the  latSs'  L^tt e^.^^^l&.'Xl^^XfZ^.  ^'  °^  ^""'^'^ 

^'v:^S:TZ^:::fT'  ^'^^^^^^^^-^  -d  important.  They 

fibres  of  elastic  t\sZT^ti  .l       i'  J  L  '^'''"^^  ''"^^     composed  of  anastomosing 
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pose  vesicles.  The  presence  of  adipose  tissue  in  considerable  quantity  in  the  substance 
of  the  glandular  structure  is  peculiar  to  the  mammary  glands..  Each  acinus  is  made  up 
of  from  twenty  to  forty  secreting  vesicles,  or  culs  de-sac.  These  vesicles  are  irregular  m 
form,  often  varicose,  and  sometimes  they  are  enlarged  and  imperfectly  bifurcated  at  then- 
terminal  extremities.  During  lactation,  their  diameter  is  from  ^  to  of  an  incli.  Dur- 
ing pregnancy,  and  when  the  gland  has  just  arrived  at  its  full  development,  the  secreting 
vesicles  are  formed  of  a  structureless  membrane,  lined  with  small,  nucleated  cells  ot 
pavement-epithelium.  The  nuclei  are  relatively  large,  ovoid,  and  are  embedded  in  a  small 
amount  of  amorphous  matter,  so  that  they  almost  touch  each  other.  Sometimes  the  epi- 
thelium is  segmented,  and  sometimes  it  exists  in  the  form  of  a  continuous  nucleated 
sheet  When  the  secretion  of  milk  becomes  active,  the  epithelium  entirely  disappears, 
and  it  reappears  as  the  secretion  diminishes.  This  observation  is  due  to  Robin  and  has  an 
important  bearing  upon  the  mechanism  of  the  secretion  of  milk. 

During  the  intervals  of  lactation,  as  the  lactiferous  ducts  become  retracted,  the  glan- 
dular cicU-de-sac  disappear;  and,  in  pregnancy,  as  the  gland  takes  on  its  full  develop- 
ment the  ducts  branch  and  extend  themselves,  and  the  vesicles  are  gradually  developed 
around  their  terminal  extremities.  These  changes  in  the  development  of  the  mamrase  at 
different  periods  are  most  remarkable  and  are  not  observed  in  any  other  of  the  glandu- 
lar organs. 

Mechanism  of  the  Secretion  of  MilK-With  the  exception  of  water  and  inorganic 
principles,  all  the  important  and  characteristic  constituents  of  the  milk  are  formed  m  the 
substance  of  the  mammary  glands.    The  secreting  structures  have  the  property  of  sep- 
nitg  from  the  blood  a  great  variety  of  inorganic  principles;  and  we  shaU  see,  when 
we  ome  to  study  the  composition  of  the  milk  more  minutely,  that  it  furmshes  all  the 
ZvZmc  matter  necessary  for  the  nutrition  of  the  infant,  contammg,  even,  ^  --al  quan- 
t^y  of  iron.    Precisely  how  the  secreting  vesicles  separate  the  proper  quantity  of  these 
p  fncip  es  fr     the  ciLlating  fluid,  we  are  unable,  in  the  present  state  of  our  knowl- 
Srrstate     It  is  unsatisfactory  enough  to  say  that  the  membranes  of  the  vesicles 
have  an  elective  action,  but  this  expresses  the  extent  of  our  informa  ion  on  the  subject 
^  ^he  ittose,  or  sugar  of  milk,  the  caseine,  and  the  f    P^^f  ^^^^ 
de  novo  in  the  gland.    The  peculiar  kind  of  sugar  here  f-^^<l^/;;^f,f  *  J^^v^^^^^^^^^^ 
else  m  the  organism.    Even  when  the  secretion  of  milk  is  most  active,  diHe  ent  varieti  s 
^  su^It  s:rs  glucose  or  cane-sugar,  injected  into  the  ^^^^^^i:^ 
are  never  eliminated  by  the  mammary  glands,  as  they  are  by  the  ^id^eys ,  and  tlie 
presence  in  the  blood  does  not  influence  the  quantity  of  Jactose  found  in    e  -^^^ 
that  can  be  said  with  regard  to  the  formation  of  sugar  of  mi  k  is  that  it  is  producea 

fh:  mLmary  glands.    The  mechanism        ^ ^SXl  ;ec^^^^^^^^^  of 
Caseine  is  produced  in  the  mammary  glands,  probably  by  apecuuai  l 

the  a  bum  n  id  constituents  of  the  blood.  This  principle  does  -\  -^^^^1;;^^°°^ 
Sthough  its  presence  here  has  been  mentioned  by  some  obsei-vers.  t  is  .  ell  kn  wn  ti  at 
the  caseine  of  milk  is  precipitated  by  an  excess  of  '^f^J^^f^^iZ  albumen, 
called  caseine  of  the  blood  is  not  affected  by  this  sal  ^-^^^^^^'f        f,^,e  of  the  gland. 

The  fatty  particles  of  the  milk  are  likewise  produced  m  t'  ^/'^^f^^'^f  The 
and^:  pecSr  kind  of  fat  which  exists  in  this  --^^^-J  ^  Jrj.^^'^Xh  ptti 
mechanism  of  the  production  of  fat  ^\^^"lf\l^l  I'.oeei  analogous  to  that 
are  not  produced  in  cells  and  set  free  by  their  rupture  ^l^J^^'^J^^a^.o.^  matter, 
which  takes  place  in  the  formation  of  the  P^f  J^^^^^^^  ^  e>elium  of  the 
for,  during  the  time  when  the  s-retion  of  -^^^  f  "educed  by  the  action  of 

secreting  cuh-de-sac  has  entirely  disappeared.    The  l^""e  is  P  o  . 
the  amo'rphous  walls  of  the  vesicles  in  f «  -7Jf^,j  t:^,^^4  Hs  knoiu  regarding 
the  vesicles  of  the  ordinary  adipose  tissue.    At  least,  tnis 
the  mechanism  of  its  production. 
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As  regards  the  iiiocl.anism  of  the  formation  of  the  peculiar  nnrl  p^„vo.<.„  • 
stituents  of  the  milk,  the  mamo.ary  gland,  are  to  be  clasLfaln;  ti  C^^^ 

m  the  blood,  and  they  all  appear  first  in  the  substance  of  the  glands  Pietxist 
Durmg  the  period  of  secretion,  the  glands  receive  a  much  larger  supply  of  blood  th.n 
a    0  her  tunes.    Pregnancy  favors  the  development  of  the  secretinrportiols  of  ^he 
glands  but  does  not  mduce  secretion.    On  the  other  hand,  when  pregLc"  Zrs  dm 

Z        r  it  n.ay  arrest  the  secretion  of  mUk   The  et  " 

tion  is  destmed,  however,  for  the  nourishment  of  the  child  nr,r^  r,.f  f  \^ 

.lnct,„„  presents  one  or  two  interestmg  peculimties  et.oDS-and  ,ts  pro. 

is  left  to  perform  the  w^k  of  1     .1  ""''^''^  nothing 

peuorm  the  woik  of  secretion  but  the  amorphous  membrane  of  the  vesicles. 

Conditions  which  modify  the  Lacteal  Secretion  -Verv  little  is  krinx..  .  •      .  ' 

physiological  conditions  which  modifv        c     7-  concerning  the 

established,  the  quantity  iTa  Jiu  2  1  T  ^-^^ 
meats  of  the  chiirat  dffflnt  ne^^^^^^^^  "  "'"'"''^  ^^''""^  ""^^^'^^  the  require- 
the  milk,  therefore  it  wS  be  fo,  ^  1  f        '  '^'^^^^^^       composition  of 

^.^^:trSH=Fr  ^^^^ 

tbe  quXof to^Tak^^^^^^^^^^  "^"^^  ^«  ^^^^^^^  child, 

shown  that  the  secret  on  rf  mii^^^  1  fensibly  increased  ;  but  observations  hav 

necessary  that  the  mtthe  "Ihould  I     T"?  '^'^^"'•^  °f  t^''  food.    It  is 

Bolidfood'is  concerrd  the  e  seems  t:r^^     "'^^ f^^'  but,  as  far  as 

cate  alimentation,  and  the  mi  k  of  Im  nl      ^  h  '^"'^^^^  ^  ^^^"-^^       -  d^li" 

condition  is  non;al  is  fully  as  .00^  "  °^  "f'''  ^^^'^  ^^^^  general 

is,  indeed,  a  fact —  allv  eco  J.  .  1''  'I  ""T"^  ^"^^  '''^  ^^^"^  *°  ^"'^  luxuriously.    It " 
inlluenced  by  any^e  fa  d  et  To  Id^^^^  secretion  of  milk  is^little 

ordinarily  requirL  ^y  tt  "st  m  anf  ^^^^^^^  ahmentation  be  sufBcient  and  of  the  quality 
which  are  known  to  Lve  a  snecTal  i^fln  ^  ^-^'-"^l^^  of  food 

healthy  and  well-nourThertrn  i  f  ,  ^'^--°ther  is 

surest  guide  to  the  proper  varieTv  nrn  t        T''  '^'^'^        ^PP^«te  is  the 

however,  for  femalesr^ecore  auL'fe  iT^^^  '''' 

elements  of  the  food  do  ^n^  Z  ^    !       f    ^  '  '^^^^^^^  ^^^o^'^  that  the  fatty 

at  the  same  time  to  a  rpo^^^^^^^^^  ^^''^"^  ^«  ^  tendency^ 

is  found.    It  is  a  mttr  of  ^'''l''^^''^'  situations  in  which  i 

fermentable  substr  e    oLn™rbtL"?  articles,  such  as  acids  and 

«ny  change  in  the  milk  tl  !t  .  .  1  ''^^'^^  ^^'itl^out  producing 

differences  in  w'^en.'t  ttitSLcwTvT;:!?  ^'^^^^^  ^^^ividua! 

BuHngl^etation, 

not  supplied  in  sufficient  quantity  thfsecT^oAf    ^,  '        i^  these  be 
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is  well  known  to  exert  an  mtluence  ^po  secretion  and  sometimes  they  pro- 

It  IS  weu  Known  secretions,  as  tlie  saliva  and  tl.e 

mental  emotions     T^^V^^^^jr  Wevex-  to  cite  the  numerous  instances  of  modifi- 
St  o  tL  sec'ret  oXS  thiB  cans;,  which  are  quoted  in  many  works  Ver- 
cation  or  arrest  of  the  secretion  i  ,  .^^^  wet-nurse,  who  had 

nois  and  Becquerel  mention  a  veiy  '  g.^^^.^  ^ith  grief  and  presented, 

lost  her  only  child  from  pneumonia,  ^^^^^  T^^^  ^f^f^of  her  milk,  with  a  great 
as  a  consequence,  an  immediate  diminution  ^^e  ^^'^^^^  °  ^^^^  the  proportion  of 
.eduction  in  the  ^^0^0^^^^:^^^^:,,  ^^^^^  Z  section  of 
caseine  was  increased,    bu  Astley  ».oope  are  types 

tions  upon  secretion.  rnmnrehend  the  influence  of  men- 

In  the  present  state  of  our  knowledge,  we  can  ^^^P^^^^^^^^^  the  nervous 

tal  emotions  upon  secretion,  --^'^^^'"I'^f,  LneChas  been  clearly  demon- 
system;  and,  in  many  of  the  glands,  f  V^^^^*^;";  0,  he  influence  of  the 
sLted  by  actual  experiment    f ^^-^^n"  X  operation  of  dividing 

nerves  upon  the  mammary  glands  are  ^/^^        teen  practised  upon  ani- 

the  nerves  distributed  to  these  S^f^^^^^""^  dimLtion  in  tlie  quan- 

to  these  organs. 

Quantity  of  MiU.-U  is  very  «to  form  a  reliable  ^^^1^^ 
tity  of  milk  secreted  by  the  human  female  in  '^'^'^^l^'^^^s  able  to  nourish  two 
doubtedly  varies  very  much  in  P«  f  ^LIl^  ^^-dly  enough  food 

children,  while  others  though  ^f^^l^J^'^  ^  ^l  .^^t  the  quantity  that  can  be 
for  one.  Cooper,  as  the  result  of  ^^^^^^^^^Sunces  This  may  be  assumed  to  be 
drawn  from  a  full  breast  is  usua^^y  abou    wo  ^^nn^^^  ^„^,,,,tely  distended, 

about  the  quantity  contained  m  ^^^.^^^^^tXtlt  thl  obs^^^  of  Lampfirierre,  who 
Lehmann,  taking  for  the  basis  of  his  to  sixty  grammes  of  milk 

found,  as  the  result  of  sixty-seven  expermaents  ^ro^^^^^^  ....b^.ged  in  twenty- 
^ere  secreted  in  two  hours,  estimate  thaj  f^^^^^  <1  ^  .^^^  consideration  the 
four  hours  is  1,320  g-mmes,  or  about  44  5  Au  do^^^^^^^^^  ^^^^^  ^^.^^^^^^ 

evident  variations  in  the  quantity  of  ^'J^  ^^^^^J^^ 

assumed  that  the  daily  production  is  ^^'"^^  influencing  the  quantity  of 

Certain  conditions  of  the  female  are  ^'^Pf^^;. ™  j",,^^        increased  within  the 

milk  secreted.  It  is  evident  that  '"^X'^^'^^ZZ^^^^^^^^^  of  ^^"'^  "1 
first  few  months  of  lactation,  when  '^'J^'fll^l^^^^^^  hecome  reestabhshed 

increase  in  the  quantity  of  nourishment.    If  the  periods,  but  some- 

during  lactation,  the  milk  is  usually  diminished  ^^^Ts  ^n  ghou  the  female  become 
times  it  is  not  affected,  either  in      q^.^^t^t^  of  milk,  and  that  which 

pregnant,  there  is  generally  a  great  diminution  in  the  quanti  y 
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it  secreted  is  ordin.rll,-  regarded  »s  possessing  little  nutritive  power    In  ohe.li™..  . 
popular  prejudice,  app.rontl,  well-founded,  the  child  is  ueu.ll,  tateu  from  the  tee.st" 
soon  as  pregnancy  is  rocogmzed.    Authors  have  not  noted  an,  marked  and  IZl,  , 
vanatlous  in  the  quantity  of  milk  in  females  of  different  ages.  ' 

Properties  and  Composition  of  the  Milk. 
The  general  appearance  and  characters  of  ordinniy  co.Vs  milk  are  sufflclentlv  famll 
.ar  and  ma,  serve  aa  a  standard  for  comparison  ,vith  the  milk  of  the  humZ  f„,°a  e 

hi" "  s  milk  :,"d'rzr  rrr " "-^-^ 

regard.    If.er  the  secetiol  ^^^^ :^:^:t^:^ZZ 

formr»\re\:rC:l!;rnrrh:te'';:th^^^  °  ™° 

atmosphere  upon  the  oaaeine     aKi„    ,  n         combmed  action  of  heat  and  the 

this  do'esnotC.S~e  st^^t  r:  ae^tnrt'j''  ^ 

.hen  the  d.id  is  heated  in  an  .tmLphere  of  caZ-.  .'^  o^ Xen' »  ir.' 

f.tt,  particles,  and  a  nell,  c^r '^Ll;;:  o;^^^^^^^^^^  "'t-" 

occurs  spontaneouslv  if-  n  -To^inW^  1      ,  oeium,  cajiea  wney.    1  his  separation 

forming  a  yeUo  wish- white  and  very  opaZ  lZ  lTZ  °^  /lobules  rises  to  the  top, 
poorer  in  globules  and  of  a  decidedly  Wdsh  «nt  ^1^^  T^,^  P^''^^^ 
forms  from  one-fifth  to  one-third  of'thlTntir"Ls  of  thfm^  T'"^ 

102.    L  s/ecific  g:a:rof"if.t  llZZT  '''''''  '''' 

will  be  aZrent    ^t  contain^         '  ""'"'^''''''^       —  «f  opSy 

power,  hXr^us^lronTn  a^ZrTlie^e  t^t^^  ^^"'^  t  ^'"^^^ 
globules  and  are  composed  of  mar  Jnvinl    i  ,  "^^^^  the  name  of  milk- 

called  butyrine.    In  humin  m  Ik  t'  e  n"ll        '      .  "   ''''  ^^''"""^  ^o  milk, 

they  are  often  PolyheSrfZ  L    a    'om^  ■  ^''^ 

consistence  of  the  butter  in  human  milk  tL  tTrni  ^^'^'^'.^^''^^ce  is  due  to  the  softer 

--■-«i»>.,.c„...miikir;i:^tCScTe:rrumT:\;^^^^^^^^ 
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/.         i  '    +r,  J    of  flnincllin  diiimotor.  They  are 
The  human  Tnilk-globules  measure  from  irrW     Tj^rir  c>i  .^^^  ,^ 

usually  distinct  fro.n  each  othe.-,  hut  they  may  ^^^^^^Zmon  of  the  gland, 
.vithout  indicating  any  tlung  abnormal.    ^^^^^-tocUy^^  ^^^^.^^.^^ 

 tablished,  the  milk  contains  nothing  but  a  clear 

fluid  with  these  globules  in  suspension,  ihe 
proportion  of  fatty  matter  in  tiie  milk  is  iron, 
twenty-five  to  forty-eight  parts  per  thousand 
and  this  gives  an  idea  of  the  proportion  of 
globules  which  are  seen  on  microscopical  ex- 
amination. 

There  has  been  a  great  deal  of  discussion 
with  regard  to  the  anatomicnl  constitution  of 
the  milk-globules.  In  many  late  works  at  is 
stated  that  these  are  true  anatomical  elements, 
composed  of  fatty  matters  surrounded  by  an 
albuminoid  membrane;  but  some  writers  as- 
sume that  the  fat  is  merely  in  the  form  of  an 
_   emulsion  and  is  simply  divided  into  globu  es 

to'hrseen  the  investing  membrane  ^-^^t^;:::^:%:^i:^. 

inferred  from  the  ^^^^^^]^^- ^'Jf^^^^^^^^  ^^"^^  ^'T'f 

It  is  unnecessary  to  review  m  ^^f '^^^^  .^^ny  eimp^  examination,  even  with  the 
on  this  subject.    As  far  ^  e-^J^J^f;^^^^^^  and  the  bui^en 

highest  magnifying  powers,  the  g^^^^f  ^PP'^J^^  to  demonstrate  the  existence  of  an 
of  proof  rests  with  those  wbo  profess   o  ^^^^^^^^  these  subjects,  argues 

investing  membrane.    Eobm,  ^^^^'tt  ^  °f  '^^^""f 

against  the  existence  of  a  JtC  renomena  produced  by  reagents,  which 

to  have  demonstrated  it,  by  explanations  of  ^^l^^^^^notnve  The  arguments  in  favor 
do  not  involve,  as  a  necessity,  ^^^Pf^v-lnr^he    x'e^^^^^^^^  upon'which  they  are 

t:    of  ..nk  be  shaken  up  ^^^1:^^:1^::^ 

remains  opaque  ;  but,  if  a  little  potash  be  ^^^e^;*^^^  ^hat  can  be  observed  with- 
n^ixture  then  becomes  ^^^^ '''^''T' XvZlo^^^  Kobin  has  shown  that  the  fatty 
out  following  out  the  changes  with  ^"^^^^^  ..^.ted  wi^^^  ether  alone;  and 
particles  are  acted  upon  ^^^^^^  '"/l^;  ettfer  with  the  fat  in  solution,  is  itself 
Lat  the  opacity  is  then  due  to  ^^^^  ^^^1^1^^^,  of  milk  and  ether  be  examined 
in  the  form  of  an  emulsion.    If  ^^^^^  ^P^^^J  ^^^^  ordinary  milk-globules,  paler, 

with  the  microscope,  globules  are  ^^'^^^^^^^^^X  supposes  to  be  composed  of  fat 
and  possessing  much  less  f  JJ^fore  o'  t  1  the,\^^^^^^  of  ether,  the  consti- 
and  ether.  If  potash  be  '^f  f '  .ff  ^^^^^^^^^.V  it  becomes  somewhat  transparent 
tution  of  the  whole  mass  of  hquid      f^^l2med  that,  in  the  first  instance,  he  ether 

cannot  be  sustained.  pn^oimen  of  milk  under  the  microscope,  the  glob- 

If  dilute  acetic  acid  be  added  to  a  spec  men  o*  ^.^^^  t,,,ther ;  .m  appea  - 

nles  become  ^^cformed  and  some  o^^^J^^^  J,,,  ^osely  the  action  of  acetic 
ance  which  is  supposed  by  Henle,  v\  ho  w  as 
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acid  upon  the  milk-globules,  to  indicate  tlie  existence  of  a  membrane    TJiis  d.,1n.r 

Most  of  the  other  arguments  in  favor  of  tlip  PTri«f-PTin»     „  ,  i 
from  direct  observation,  and  eonserentlv  thev  r  o  .  ?f  T'^'"^^^ 

liquid  fats  may  form  a  coatine-  of  pv..c      !     I  formmg  emulsive  mixtures  with 

•s  tU  Browniaa  m„,ement.  This  i.  aZtSTth  f""''" f  ""'^-e  motiOD  known 
tion  of  the  cseine.  From  these  fir^t  j^  \  .l^'l'"  "'S"!"- 
■impl,  of  f.t  in  th,  fomTf  aTne   1  i  r  me,  ""'"^ 

s.spen..,MetheM.o.o.,p.jrSe~^^^^^^ 

ch.,™«.    The  „.„  con,~h    ;    "  T^'e  S  ^Th  ^ 

of  it>  qnantitj  is  oaseine ;  but  the  virion,  JL  difficult},  in  the  esthnation 

led  to  neari/identicd  A^  s^^  rlTmoZT^Z  ""^"/'^ 

ses  of  .atioos  chemists,  gi,e.  the  conitenL  Vfut^S^^  " 
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Water  


Lacto-pro 
Albumen . 


<  Uleine  

[Butyrine,  caprine,  caproine,  capriline.!! ! 


Chloride  of  sodium    

Chloride  of  potassium  

Carbonate  of  soda    ' ' ' 

Carbonate  of  lime    

Phosphate  of  Ume  of  the  bones. .  .  .  .  .  .  .  ,  .  [ ' ' " 

Phosphate  of  magnesia  

Phosphate  of  soda  

Phosphate  of  iron  (?)  

Sulphate  of  soda  

Sulphate  of  potassa  .  .  . 

  traces. 

(  O.xygen. . .         1.29  ^   

Gases  in  solution     Nitrogen.     " "  12-1'7  (     n„,f=       .  ..''^^^  1,000-000 

J   17  >  30  parts  per  1,000  n  volump  (vt^ 

(  Carbonic  acid.  16-54  3  volume.  (Hoppe.) 
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solid  nmttevs  remains  about  tbe  same  ^^.^  concerning  the 

mtrogenized  GonsUtuenU  of  j'^J^.^^^.t  has  been  stated  nnder  the  head  of 

nitrogenized  --tUuen  «  ot  h^^^^^^^  „„tntive 
alimentation.    The  diffeient  Pnnciples  «  ^^^^        ^.^^^^^^^  ^^^^^ 

function  and  they  appear  to     ^de^^^'^^^^^^^^^^      ^^^^^^^^  indeed,  that  the  milk 

in  their  relatwe  proportion.  It  IS  a^^^^^^^^^  human  milk,  xv^hen  prepared  so  as  to 

of  many  of  the  lower  ^.^l.^.^"™^^  approximate  the  composition  of  the  nat- 

;-th  wate'r,  very  nearly  -P-nt  th^^^^^^^^^  of  milk,  and  it  sup- 

Caseino  is  by  far  the  most  m.por  ant  of  *     "^^f  1       '     ^  Lacto-proteine, 

■    plies  nearly  all  of  this  kind  of  nutritive  ^^''^^^f'^^^''^^^^  and  albumen 

I  principle  described  by  ^^l^^^^^^^'^^^^ 

exists  in  the  milk  m  very  small  quantity,    ibat  a  ^^.^^^^^  ^ith  an 

be  shown  by  the  ^f^-'^^.^^^^^^^^^^ 

excess  of  ;^^P;tatt^^^^^^^  ^^^ar  liquid  that  passes  through  shows  a 

rrS<:^;:::the  app^^^^^^^^  .  to  a 

The  coagulation  of  milk  depends  J^Tto  cZ^^A.ie  spontaneously,  or  sour,  the 
semisolid  condition.    When  mdk  ^^  -^^f  j^  result?  from  a  transformation  of  a 

change  is  effected  by  the  action  of  the  lactic  aca  ^^-^^^  even 

portion  of  the  sugar  of  milk,    ^^^^^^^^l^^^^^^^  Js  regard  and  in  the  fact 

the  feeble  acids  of  organic  origin    "  diQe  ^^^^^  ^^^^  ^ 

that  it  is  not  coagulated  by  hea  .    It  lias  been    gg  ^^^^^  ^l^^y,  takes  place 

exists  in  combmation  with  ^^^'^'^^'/j^^,^^^^^  It  is  true  that 

from  the  action  of  acids  ^PO^^.f  ^  a  olution  of  carbonate  of  soda,  but  it  has 

coagulated  caseine  may  be  -^^^f^  ^^^^^^^^^^^  of  certain  neutral  principles, 

been  shown  that  <^^^S^^^^''\'^^J  ^''^^^^^  If  fresh  milk  be  slightly  raised  in  tempera- 
.vhile  the  milk  retains  its  ^^f^'^'^'\Z\-^tTmucons  membrane  of  the  calf,  coagu- 

the  mucous  membrane  of  the  stomach  of  the^aK^^^^^^^^  ^^.^^ 

Mn-mtrogenized  ConsUtuenU  »  1^.,^,^  seen,  m 

dance  in  the  milk.    The  liquid  caserne  -^^^1^''%.^  ,een  separated  from  the 

the  condition  of  a  fine        P^^^^^wn  under  the  name  of  butter.    In  human 
.      milk  and  analyzed  by  chemists  '^^'i^^^^^  „f  the  inferior  animals,  part.cu- 

milk,  the  butter  is  much  softer  tl-^  -   ^  ^^^^^^  constituents,  although  in  d.ffei-- 

larly  the  cow ;  but  it  is  composed  «f  f  ^..eloped,  even  after  the  discharge  ot 

ent  proportions.    In  different  .^'^^^^^^^^f  Ls  characteristic  of  the  ammal 

the  milk,  certain  odorous  prmciples,  which  arc  mo 

from  which  the  butter  is  taken.  marearine.    It  contains,  in  addition,  oleine. 

The  greatest  part  of  the  ^^^^^11^1^1™        very  well  determined,  called 
with  a  small  quantity  of  peculiar  fats,  whicu  nave 
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butyrine  caprine  caproine,  and  capriline.  TLe  margarine  and  oleine  are  principles  found 
m  he  fat  throughout  the  body ;  but  the  last-named  substances  are  pecuL  tT  re  milk 
These  are  especally  hable  to  acidification,  and  the  acids  resulting  frL  their  decompoi 
tion  give  the  pecuhar  odor  and  flavor  to  rancid  butter  ^i-omposi- 
Sugar  of  inilk,  sometimes  called  lactine,  or  lactose,'  is  the  most  abundant  of  the  solid 
cons  ituents  ot  he  mammary  secretion.  It  is  this  principle  that  gives  to  the  milk  its 
pecuhar  sweet.sh  aste,  although  this  variety  of  sugar  is  much  less  sw'eet  than  In"  uga 
The  chief  pecuhant.es  of  m,lk-sugar  are  that  it  readily  undergoes  change  into  lactic  add 
Zt.TT  and  takes  on  alcoholic  fermentation  slowly  and 

j.th  d.iBculty.    At  one  t.me,  indeed,  it  was  supposed  that  milk-sugar  could  norbe  de 
composed  mto  alcohol  and  carbonic  acid ;  but  it  is  now  well  established  ZtfhUnV 
can  be  mduced,  the  only  peculiarity  being  that  it  takes  p7ac  v^y  sWl^^t 
of  the  world,  mtox,catmg  drinks  are  made  by  the  alcoholic  fermentatioLf  mii     '  ' 

t^ey  affect  the  develop- 
in  tSX^MrSro^^fvef^^^^^  -ny  inorganic  principles  exist 

depends  upon  the  p trnce If  the  llv         f     "  «^  ^^^^ 

in  preservfng  the  fl'uiry  of  t  e  case^^^^^^^  ^-''^^'^^^^  ^"^P-"^-* 

exists  in  the  milk,  but  its  presence        •      I    t  determmed  precisely  in  what  form  iron 

of  the  milk  with'that  Z  Z~Z:t:'':ost  o^  tr^™  ^^'"^"^'•"^^ 
cples  found  in  the  latter  fluid  exist  also  il  the  mil?  P"'^" 

in  r 

the  presence  of  gases  in  'solution  n   inu  L  renZ  tl  "  ^''^^"^ 

and  carbonic  acid  increases  very  mateSv  fh^  T  ^'^  t^^te- 

considerations,  the  precise  flnctirof  th/  '  properties.    Aside  from  thes^ 

parent.  ^  constituents  of  the  milk  is  not  ap- 

ha/'oral°'t?^^^^^^^^  fact,  which  we  have  already 

proper  proportion  and  variety  of  matS  f  ''T"'"'^  ^""'"^ '''''  P^^^^°*^  'tself  thl 
period  when  the  develop  nt  of  ^^^^^^^^  -'>--l^--t  of  the  body  during  the 

The  form  in  which  its  diSTenf  nutrit  ve  T    rf °°  ""^^""^  a««-ity. 

digested  and  are  assimilat^riuh  gTeat "apSty  ^'"'^  ^"^^ 

Variatio7is  in  the  Composition  of  the  Milk 

-^^^^^  ~^     -iation  at  dl^erent  ages 

subject  to  changes  in  its  compt  io  '  .1  '  ^'"^ 

of  the  child.  composition  sufficiently  great  to  influence  materially  the  nutrition 

ftor  parturition  is  so  different  from  ord  lrv  milk  Th^>i     I  ^"''l  ''''^'^^ 

It  IS  then  known  as  colostrum  Z  T  r  ^       '  ^'"^        "^"^'l     another  name 

f"Uj  hereafter,  undei- fd  I  j^^'tZTelT  ^^^-^^'^'l 

the  flrst  to  the  flfteentt  d^  W^^^^^ 51!;;=^  ^ 
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properties.  ,      „       month  to  month  during  the 

msmmm 

""'Zl  —1  periods,  when  they  occur  during  lactation,  have  hee.  ^und  by  most 

observers  to  modify  considerably  the  composition  and  properti  s  of  ^^^^^^^^ 

:Tknown  to  practical  physicians  t/;at  ^^.^S 

disturbances  of  the  digestive  system  of  the  child,  a  thoug^  treq  J 

observed.    The  changes  in  the  composition  of  of 

menstruation  are,  great  increase  in  the  quantity  of  ^^^ion  of  sugar.  The 

butter  and  the  inorganic  salts,  and  a  ^^jf  pregnancy 

milk  that  has  been  secreted  in  great  -^-^J^;;^^^^^.^;^^  "^n  the  milk  first  drawn 
tively  small  quantity;  nor  do  we  observe  that  ^'^^''^ZwtZty  which  is  observed  in 
from  the  breast  and  that  taken  when  the  ducts  are  nearly  empty,  wmc 

the  milk  of  the  cow.  lactation  relates  chiefly  to 

The  mfluence  of  alimentation  and  the  tafcmg  oi  uquiu  i> 
the  quantity  of  milk  and  has  already  been  ;       .^^  „f  ^k,  we  have  akeady 

In  treating  of  the  influences  which  modify  ^^^^^^^^^^j,^       the  composition 
alluded  to  the  effects  of  violent  mental  X  '^^^^^^^     the  milk  by  violent 

of  this  fluid.  The  very  remarkable  case  of  P-'f  "^^^e ^^^^^^^^^^^  the  secretion  in  this 
grief,  detailed  by  Vernois  and  B^«^7^\;f;^^^;,^j3  T.rpToduced  in  its  composition 
condition  has  been  carefully  analyzed.  changes  thu^^^^^^^    observed  in  the  propor- 

have  already  been  referred  to,  «ie         ^^fg^^^^^^^^^^  ^er  1,000. 

tion  of  butter,  which  became  reduced  from  23  79  to  o  p 

•  Colostrum. 

.  •     „  ...rlnfl  which  varies  considerably  in  different 

Kear  the  end  of  utero-gestatxon  f  "^f  a  smaS  quantity  of  a  thickish,  stringy 

women  and  has  not  been  ac^^'^'^^ely  , '  ti'nds  ^^ears  little  resemblance 

luid  may  frequently  be  drawn  from  the  -—^^ ^^^^^f^^        ;  ^ore  abundant  in  multi- 

to  perfectly-formed  milk.       jsj-^  ^^l^^^^  J  the  first  few  days  after 

par^e  than  in  pnmipara).    This  fluid,  w  t  ^  ^  distinctly  alkalme  reaction, 

delivery,  is  called  colostrum.  It  is  ^^^^^^^f '/^^ ^  snedfic  gravity  is  considerably  above 
andissomewhatmucilaginousinitscons.^^^^^^^^^^  the  cbarac- 

puscular  elements.    Milk-globules,  very  vamble  ^^J^^^^^  ^,„ntity  to  render 

fhe  secretion  from  the  first.    These,  howevei,  do  not  ex^^^^^^  ^^^^^^^^  ^^^^ 

the  fluid  very  opaque,  and  they  are  ^^equen  y  agg   g  ^^^^^^.^^  corpuscles,  first 

masses,  held  together,  apparently,  by  some  glutinous  ma 
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accurately  described  by  Donne,  under  the  name  of  "granular  bodies,"  and  supposed  to 
be  characteristic  of  the  colostrum,  always  exist  in  this  fluid.  These  are  now  known  as 
colostrum-corpuscles.  They  are  spherical,  varying  in  size  from  to  of  an  inch  are 
sometimes  pale,  but  more  frequently  quite  gran-  ' 
ular,  and  they  contain  very  often  a  large  num-  ^^^^^^^^^^"^^'^^■I^^^^^h 
ber  of  fatty  particles.  They  behave  in  all  respects  ^^P^S^^^^B 
like  leucocytes  and  are  described  by  Robin  as  a  ^^^r  /^^^m^  "^^^^.^^^^^B 
variety  of  these  bodies.  Many  of  them  are  pre-  ^^^^^  ^^^^^li'^^B 

cisely  like  the  leucocytes  found  in  the  blood,  .  1^^^'^^^ 

lymph,  or  pus.    We  now  know,  however,  that  °  P^iP.  60  •""'S^.tii''  W 

the  so-called  mucus-corpuscle  does  not  differ  f   ^#;|9„  %  ®  1 

from  the  pus-corpuscle  or  the  white  corpuscle      o    o#  °^o°  °     o"°°i°'°      o  v^j 
of  the  blood;  and  leucocytes  generally,  when  I  o  q  \'A  ^  °     <'°'9'''°'^'"^'  ^  '^tl 
confined  in  liquids  that  are  not  subject  to  ip   o  WO^Jo^o\      ^  W 
movements,  are  apt  to  undergo  enlargement,   Ijk  °    °  O^M 
to  become  fatty,  and,  in  short,  they  may  pre-  ^Pfe.    °  %■  H  oM 

sent  aU  the  different  appearances  observed  in  ^^^^p®'>'^°o°=  'W^.m,^^^ 
the  colostrum-corpuscles.  In  addition  to  these  ^^■^QgF^^!  o  <,  0  '  ^^^^^B 
corpuscular  elements,  a  small  quantity  of  muco-  H^HfefiL2^^^^^ifl^^H 
sine  may  frequently  be  observed  in  the  colos-  T?^o.m.~Coiosi,-um.from  a  healthy  iyinq-w.wo- 
trum  on  microscopical  examination  m  'i^^i'^^ry-  (Fuiike.) 

On  the  addition  of  ether  to  a  'specimen  of  i^X^MX^^tZl^^^ 
colostrum  under  the  microscope,  most  of  the  ^oZn^'^^i^..^^^^ 
latty  particles,  both  within  and  without  the      ™i'':l'„ ^«<^'?™«. 

more  numerous,  smaller, 
„„i    ,  ,  ,  ana  more  imiiorm  in  size. 

colostrum-corpuscles,  are  dissolved.  Ammonia 

:r„™t»of  """^ "    ""^  « se>««- 

In  ilB  proiimote  composition,  colostrnm  presents  many  nointe  of  differeno.  from 
true  mtlk.  It  swe.ler  to  He  t.ste  .nd  contains  a  re.L^ropol.  ofT.'r  .nd 
of  the  m„,g.n,o  salts.  The  proportion  of  f.l  is  at  least  eqnal  to  the  pronottion  i^  IW 
™o«ii':fSbTen'  *'T'-„  '"r"  C0l„,trn;3I?ra'°la  g 

Composition  of  Colostrum. 

Water  

Albumen,  and  salts  insoluble  in  alcohol  945-24 
Butter.     29-81 

Sugar  of  milk,  extractive  matteri  and  salts  soiuble  in  alcohol'. .' ." .' ! 1  J.'g  J 

  0-61 

'  1,000-00 

ractSfT^^vt^^^^  '•-•^"ff-™"^        ^akeson  putre- 

hours,  it  senar  Jes  int?  j  ;v  J  ''^^'^      '^"^^  ^  twenty-four 

obserkt  on  b '  Sir  1  H     n       '  ^'""^^^'^  "''''"^  ''"^^  A^id-    In  an 

The  nPPni7„        .  / 1  o"i9  of  repose,  gave  six  parts  of  cream  to  three  of  milk 

to  be  useful,  during  t  S-rft  dl'T'"^  '^^'^  -'PPO^^-J 

the-accumul'ation  of  mecon  im        '  "'^'^""^  *°  ^^^'^^^       '^f'^nt  of 
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As  the  quantity  of  colostrum  that  may  bo  pressed  from, the  mammary  glands  dunng 
the  latter  periods  of  utero-gostation,  particularly  the  last  month,  is  very  variable,  it 
becomes  an  interesting  and  important  .juestion  to  determine  whether  this  secretion  liave 
any  relation  to  the  quantity  of  milk  that  may  be  expected' after  delivery.  Ihis  has  been 
made  the  subject  of  careful  study  by  Donn6,  who  arrive^vat.  the  following  important 

conclusions:  ^  xi.  a      -u  • 

In  women  in  whom,  the  secretion  of  colostrum  is  almost  absent,  the  fluid  being  in 
exceedingly  small  quantity,  viscid,  and  containing  hardly  any  corpuscular  elements,  there 
is  hardlv  any  milk  produced  after  delivery. 

In  women  who,  before  delivery,  present  a  moderate  quantity  of  colostrum,  contain- 
ing very  few  milk-globules  and  a  number  of  colostrum-corpuscles,  after  delivery  the  milk 
will  be  scanty  or  it  may  be  abundant,  but  it  is  always  of  poor  quality. 

When  the  quantity  of  colostrum  produced  is  considerable,  the  secretion  bemg  quite 
fluid  and  rich  in  corpuscular  elements,  particularly  milk-globnles,  the  milk  after  delivery 
is  always  abundant  and  of  good  quality.  _ 

From  these  observations,  it  would  seem  that  the  production  of  colostrum  is  an  mdi- 
cation  of  the  proper  development  of  the  mammary  glands;  and  the  early  production  of 
fatty  granules,  which  are  first  formed  by  tlie  cells  lining  the  secreting  vesicles,  indicates 
the  probable  activity  in  the  secretion  of  milk  after  lactation  has  become  fully  estab- 

^''^The  secretion  of  the  mammary  glands  preserves  the  characters  of  colostrum  until 
toward  the  end  of  the  milk-fever,  when  the  colostrum-corpuscles  rapidly  disappear,  and 
the  milk-globules  become  more  numerous,  regular,  and  uniform  in  size.  It  ^^^^  ^^ated, 
n  generaf  terms,  that  the  secretion  of  milk  becomes  fully  established  and  all  the  charac^ 
ters  of  the  colostrum  disappear  at  from  the  eighth  to  the  tenth  day  after  dehvery.  A  few 
colostrum-corpuscles  and  masses  of  agglutinated  milk-globules  may  ^ornetimes  be  d^s- 
covererafter  the  tenth  day,  but  they  are  very  rare.  After  the  fifteenth  day,  the  milk 
does  not  sensibly  change  in  its  microscopical  or  its  chemical  characters. 

Lacteal  Secretion  in  the  Newly-Born. 
It  is  a  curious  fact  that  in  infants  of  both  sexes  ^1;- is  g-er^^^^ 
of  secretion  from  the  mammary  gUnd.  —  'trJX  J^^^ZJ.J 

after,  and  continuing  some  imes  f°  *  !°  "^^.f;;;  7,  faW  Sometimes  only  a  few  drops 
be  pressed  out  at  the  mpples  at  this  time  is  vei  y  drachms  Although 

can  be  obtained,  but  occasionally  the  fluid  amounts  ^^^^^^^^^^^^  the  glands 

itisimpossibletoindieate^heo^^^^ 

SsrthTtt:r^^^^^^^^^ 

the  s'ecretion  is  almost  always  produced  in  greater  -^^^^J^f  J^tl^^^^^^^^^ 
analysis  by  Quevenne  of  the  secretion  obtained      ?f  The  secretion 

months. 

Composition  of  the  Milk  of  the  Infant. 

  894'00 

Water  |   '   26-40 

Caseine  •   62-20 

Sugar  of  milk     14-00 

Butter  *    1-20 

Earthy  phosphates  i               i'  I '\ .  2-20 

Soluble  salts  (with  a  small  quantity  of  insoluble  phosphates)    

1,000-00 
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This  fluid  does  not  differ  much  in  its  composition  from  ordinary  milk.  The  propor- 
tion of  butter  is  much  less,  but  the  amount  of  sugar  is  greater,  and  the  quantity  of  case- 
ine  is  nearly  the  same. 

Of  the  other  fluids  which  are  enumerated  in  the  list  of  secretions,  the  saliva,  gastric 
juice,  pancreatic  juice,  and  the  intestinal  fluids  have  already  been  considered  in  'connec- 
tion with  digestion.  The  physiology  of  the  lachrymal  secretion  wiU  be  taken  up  in  con- 
nection with  the  eye,  and  the  bUe  will  be  treated  of  fuUy  under  the  head  of  excretion 


CHAPTER  XII. 

EXCRETION  BY  THE  SKIN  AND  KIDNEYS. 


references  between  the  secretions  proper  and  the  excretions-Physiological  anatomy  of  the  skin-Physiolorical 
anatomy  of  the  nails  and  hairs-Sudden  blanching  of  the  hair-Uses  of  the  hairs-Perspiration-Sndorioafous 
glands-Mechamsm  of  the  secretion  of  sweat-Properties  and  composition  of  the  sweat-Pecnliarities  of  the 
T  "1.  "1  P"ts-Physiological  anatomy  of  the  kidneys -Distribution  of  blood-vessels  in  the  kidnevs 
-Lymphatics  and  nerves  of  the  kidneys-Mechanism  of  the  production  and  discharge  of  urine-Formation 
of  the  cxcrementitious  constituents  of  the  urine  in  the  tissues,  absorption  of  these  principles  by  the  blood, 
and  separaHon  of  them  from  the  blood  by  the  kidneys-Effects  of  removal  of  both  kidneys  from  a  anima! 
n.to?  .  ^^."'^  ureters  in  a  living  animal-Extirpation  of  one  kidney-Influence  of  blood-press°ure  the 
nervous  system,  etc.,  upon  the  secretion  of  urine-Alternation  in  the  action  of  the  kidneys  upon  the  two^des- 
^"^''""'Po^f  ™  of  the  blood  in  passing  through  the  kidneys-Physiological  anatomy  of  the  urinary 
erties'nf  Th  n"' ''''  """'"^•^ I'™P-««^  -d  composition  of  the  urine-General  physical  prZ 

the  urtae  ''''  urine-Composition  of  the  miie-Gases  of 

the  urme-Vanations  ,n  the  composition  of  the  urine-Variations  produced  bv  food-TTrina  potus  urma  cibT 
and  urina  sangmms-Influence  of  muscular  exercise  upon  the  urine-Influence  of  mental  exertion.  ' 

Lx  entering  upon  the  study  of  the  elimination  of  effete  matters,  it  is  necessary  to 
appreciate  fully  the  broad  distinctions  between  the  secretions  proper  ^nd  the  excre^ons 
in  their  composition,  the  mechanism  of  their  production,  and  thL- destiL  ion  ¥hese 
considera^ons  are  again  referred  to,  for  the  reason  that  they  have  not  ordina  i  y  receded 
^ethairofT7'?'?""P^^^^^^^^  importance  seems  to  demL.  ^he 

Srm  oTof  h^^^^^^^^^^  -  inseparably  connected  with  the  function  of  nutrition,  and  it 
drased  conditions      ^^^'-^^^^-P*^'^*^  ^      ^'^^^  modifications  of  nutrition  in 

of  tLtTrincbtTnrlf  1  excrementitious  fluids,  it  is  found  to  contain  none 

t°V,  ,  ""^^^^  non-crystaUizable,  organic  nitrogenized  mat- 
The  charlltniese"*-" -'r'  -ystalli.able  matters,  simply  held  in  soluS  Tn  wa"  . 

era  condittn  of  .^.^^  i               "              constitution  of  the  blood  and  the  gen- 

Tems^'^'^f  7*             formative  action  in  the  glands.   The  principles 

^^Z  oZnZ  Z^T  ^^r'^osleal  changes  of  certain  constituent  parts  of  the 

eci™w.       )  '"'^  "                                of  °o  farther  use  in  the 

S  the  eLreL;  itSr  r  ^^'^  T  ^^^^^^^  ^^^^^^  f°-d 

assocLS  ^th  '  '"'.^'r^^'S^^  ^ith  the  products  of  excretion,  and  are  thus 

as  well  as  iT        /'^T^  P'"?'''  t^-'"  P^^y-ological  destruction, 

prCipl     ne  "ex  Hn'^r  "  ^"^-^-^'^^"^  ^  '^^^uminoid 

the  products  o   XV  ,  7^"""?''"°"'  "^"^'^  ''''■'^'^  conditions;  except  as 

excrLentl?fl„irp™"^^    Tie  ''f^'^'f'  "'^^'^ 

{sngars  and  Zl^    T  ^   ^T' ,  '^^'^''^  ^PP"^^  non-nitrogenized  matters 

S  S  thfi  ''''  '^^^^     food,  are  consumed 

snb  cot  onll  t?  ^he  production  of  the  excretions  is  Constant 

tbe  precise  cond'SoTin  w  icl  th  v  te  di^  P'"'"^*  "^'^^'^  '^'^'^^  - 

wincii  they  are  discharged  or  m  some  slightly-modified  form. 


ggQ  EXCRETION. 

Under  tho  head  of  excretion,  it  is  proposed  to  consider  the  general  properties  and 
composition  of  the  different  exerenicntitious  fluids;  but  the  rela  ions  of  the  excremen- 
Ss  matters  themselves  to  the  tissues  will  be  more  fully  treated  oi  m  connection  wUh 


""*?l!e°  urine  is  a  purely  excrementitious  fluid.  The  perspiration  and  the  secretion  of  the 
axiU  ry  glands  are'excrementitious  fluids,  hut  they  contain  a  certam  -ount  of  the  .^^^^^^^ 
tion  ot  the  sebaceous  glands.  Certain  excrementitious  matters  are  found  in  tl>e  bile,  but, 
at  ^e  sartte"^^^  luid  contains  principles  manufactured  in  the  liver  and  has  an  impor- 
tant function  as  a  secretion,  in  connection  with  the  process  of  digestion. 

Physiological  Anatomy  of  the  Skin. 
The  skin  is  one  of  the  most  complex  and  important  structures  in  the  body,  and  it  pos- 
sesses a  variety  of  functions.    In  the  first  place,  it  forms  a  protective  covering  for  the 
rnerat  surface    It  is  quite  thick  over  the  parts  most  subject  to  pressure  and  fnction,  is 
Tst  c  over  mo;able  parfs  and  those  liable  to  variations  in  size,  and,  in  many  situations 

As  an  organ  of  ^J^^etion    he  skm  s  J^ry  m^PO        ,    ^  ^^.^^^ 

excrementitious  matter  exhaled  from  it  is  not  very  g             y  considerable 

much  variation,  the  evaporation  of  water  from  the  f^/jf  7^"^^^  eonditions 

and  is  subject  to  such  modifications  -  ^f^,^^^^^^^^^^  external  hifiu- 

1:5 ^  - ------ -     — ' 

phenomena  attendant  upon  the  general  process  ^f^^^^;*"™''  ,  ^^^.j^^ieal  anatomy  is  most 
As  the  skin  presents^  such  a  vanety  of  ^£  ,,,ject  of  physi- 

conveniently  considered  m  connection  with  ditterent  am 

ology.    For  example,  under  the  head  of  ^'^'^f'"'^^'^^^^^^  the  skin  as  an  organ 

nre  ofthedifferentvarietiesof  sebaceous  glands  and  t^^^^^^^  ^^^^^^^  ^^^^^^^^ 

of  touch  will  be  most  appropriately  considered  in  conn^^^^^^^  ^^^^ 

In  this  connection,  we  shall  desciibe  the  'I'^^'^Vl  lZZe  mi  the  most  important 
will  be  most  convenient  to  study  briefly  its  general  f  ^  J^nVconnected  description  of 
points  in  the  anatomy  of  the  epidermic  ^PPf^f      , '^^^^V^to^^^^ 
?he  skin  and  its  appendages  belongs  properly  to  works  upon  anatomy  ^  ^ 

observations  upon  the  extent  ot  the  '^f^'''^^^^Z.\vL\t  of  his  observations,  that 
ments  of  different  parts,  it  may  be  stated,  as  f^^^^  thansixteen  square  feet; 
the  cutaneous  surface  in  a  good-sized  ^^^^^^^^^^  tT  went^        or  twenty-two 

and,  in  men  of  more  than  ordinary  size,  it  ^^^^"^ of  three  observations,  the 
squire  feet.  In  women  of  medium  size,  *  ^!  ^7^^!  ^"^e Consider  the  great  extent 
surface  was  found  to  equal  about  twelve  T'-'^^^.Z^Jto^  secretion,  under  certain 
of  tho  cutaneous  surface,  it  is  not  surprising  f ^?  ^     the  amomit  of  eliniina- 

conditions,  should  be  enormous.  Indeed,  under  .  f^^^^^^  of  the  organs 

tion  is  very  considerable,  and  the  skin  is  really  one  of  th. 


of  excretion. 


PHYSIOLOGICAL  ANATOMY  OF  THE  SKIN.  3g£ 

The  thickness  of  the  skin  varies  very  mucli  in  different  parts.  Where  it  is  exposed 
to  constant  pressure  and  friction,  as  on  the  soles  of  the  feet  or  tlie  palms  of  tlio 
hands,  the  epidermis  becomes  very  much  thickened,  and  in  this  way  the  more  delicate 
structure  of  the  true  skin  is  protected.  It  is  well  known  that  the  development  of  the 
epidermis,  under  these  conditions,  varies  in  different  persons,  with  the  amount  of  press- 
ure and  friction  to  which  the  surface  is  habitually  subjected.  The  true  skin  is  from  J 
to  i  of  an  inch  in  thickness ;  but  in  certain  parts,  particularly  in  the  external  auditory 
meatus,  the  lips,  and  the  glans  penis,  it  frequently  measures  not  more  than  ^h,  of 
an  inch.  "  " 

layers  of  the  SMn.-The  skin  is  naturally  divided  into  two  principallayers,  which 
may  be  readily  separated  from  each  other  by  maceration.  These  are,  the  true  skin  (cutis 
vera,  derma,  or  cormm),  and  the  epidermis,  cuticle,  or  scarf-skin.  The  true  skin  is  at- 
tached to  the  subjacent  structures,  more  or  less  closely,  by  a  fibrous  structure  called  the 
subcu  aneous  areolar  tissue,  in  the  meshes  of  which  we  commonly  find  a  certain  quantity 
of  fatty  tissue  This  layer  is  sometimes  described  under  the  name  of  the  panniculus  adi- 
posus.  The  thickness  of  the  adipose  layer  varies  very  much  in  different  parts  of  the 
general  surface  and  in  different  persons.  There  is  no  fat  beneath  the  skin  of  the  eyelids 
he  upper  and  outer  part  of  the  ear,  the  penis,  and  the  scrotum.  Beneath  the  skin  of 
the  cranium  the  nose,  the  neck,  the  dorsum  of  the  hand  and  foot,  the  knee,  and  the 
elbow,  the  fatty  layer  is  about  ^  of  an  inch  in  thickness.    In  other  parts  it  usually 

Upon  the  head  and  the  neck,  in  the  human  subject,  are  muscles  attached  more  or  les 
clo  ly  o  the  skin.    These  are  capable  of  moving  the  skin  to  a  slight  extent.    Mus  es 
of  Ui.  kmd  are  largely  developed  and  quite  extensively  distributed  fn  some  of  thflower 

There  is  no  sharply-defined  line  of  demarcation  between  the  cutis  and  the  subcuta 
neous  areolar  tissue;  and  the  under  surface  of  the  skin  is  always  insula    f  om  the" 

'^:t:lz:r^'  ^'rr     ^^^^^^^  -  detaching rithTsu ! 

lacent  structui  es.   The  fibres  which  enter  into  the  composition  of  the  skin  become  looser 

quitf  distcP  Sie^'w''"";-";'""  ^"'^      P^P'"^^^-  ''^'^  «f  «kin  are 

lary  ay  ,nd  is  d  „se  T  "f'  'f 'r'""'"''''  '^'"'^  muchthicker  than  the  papil- 
nume  0  les  of  wli  tTfibf '       '         I  ^omposed'of 

Senerallv  nt  l,  f       ^    6^^™"^  t's^ue  interlacing  with  each  other  in  every  direction 

tZSllTaZ'ZtZ  tt  numerous  atas- 

r^uscularfib        m    "  Jion  of  t    T"'^'  '  "on-striatod 

of  amorphous  matter  ihtr       ?  f'^ontams,  in  addition,  a  considerable  quantity 

particul  r';  rndant  abo^  Z7  ''''^  '^^'^  '"-^'^  fibres  arl 
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ment  of  the  little  muscles  around  the  Imir-follieles,  forming  little  bands  attached  to  the 
surface  of  the  true  skin  and  tlie  base  of  the  follicles,  explains  fully  the  manner  m  which 
the  "goose-flesh  "is  produced.  (See  Fig.  107,  page  887.)  Contraction  ot  the  sk.u,m 
obedience  to  the  stimulus  of  electricity,  lias  been  repeatedly  demonstrated,  both  m  the 
living  subject  and  in  executed  criminals  immediately  after  death. 

The  papillary  layer  of  the  skin  passes  insensibly  into  the  subjacent  structure  and 
presents  no  well-marked  line  of  division.  It  is  composed  chiefly  of  amorphous  mat- 
ter like  that  which  exists  in  tbe  reticulated  layer.  The  papillffi  themselves  appear  to 
be  simple  elevations  of  this  amorpbous  matter,  although  they  may  contam  a  tew  fibres. 
In  this  layer,  we  find  a  number  of  fibro-plastic  nuclei,  witb  a  few  little  corpuscular  bodies 
called  by  Robin,  cytoblastions.  _      ^,     ■     ^  i 

As  regards  their  form,  the  papillffl  may  be  divided  into  two  varieties ;  the  simple  and 
the  compound.  The  simple  papillsB  are  conical,  rounded,  or  club-shaped  elevations  ot 
the  amorphous  matter  and  are  irregularly  distributed  on  the  general  surface.  Ihe 
smallest  are  from  ^hs  to  M  of  an  inch  in  length  and  are  found  chiefly  «P°^ ^^^^ 
The  largest  are  on  the  palms  of  the  hands,  the  soles  of  the  feet,  and  the  nipple.  These 
measure  from  to  ^  of  an  inch.  Large  papillae  regularly  arranged  m  -  o.^^-^^nal 
direction,  are  fo^nd  beneath  the  nails.  The  regular,  curved  hues  observed  upon  the 
palms  of  the  hands  and  the  soles  of  the  feet,  particularly  he  pahnar  surfaces  of  the  ast 
phalanges,  are  formed  by  double  rows  of  compound  papillffi,  which  present  two,  three 
01  foui- points  attached  to  a  single  base.  In  the  centre  of  each  of  these  double  rows  of 
papilte,  is  an  excessively  fine  and  shallow  groove,  in  which  are  found  the  orifices  of  the 

"'TtTapin'are  abundantly  supplied  with  blood-vessels,  ^^^^f^  .l^,^?;;??- 
lary  plexuses,  and  with  nerves.  The  termination  of  the  nerves  is  pecuhar  and  -^^e  Mly 
described  in  Connection  with  the  organs  of  touch.  The  arrangement  of  the  lymphatics, 
wlSh  are  very  numerous  in  the  skin,  has  abeady  been  indicated  in  the  general  descrip- 
tion  of  the  lymphatic  system. 

The  Upidermis  and  its  Appendages. -The  epidermis,  '^^^'^X^ll^Zl  'neJ^nor 
a  membrane  composed  exclusively  of  ceUs,  containing  neither  blood-vessels,  nenes,  nor 
yrpSr  Its  Lternal  surface  is  marked  by  exceedingly  -/-^^^^^^^^^^ 
respond  to  the  deep  furrows  between  the  papillae  of  the  derma    Its  internal  surface  s 

^'^TheMalpighian  layer  is  composed  of  a  single  «^-tum  of  prismoidal^  ni^^^^^^^^^^^^ 
containing  a  greater  or  less  P^^te7ofCi^^l-mded  T^^^^o^^llo 

:h^-s:t;r;nS^^^^ 

ent  individuals.    In  the  negro,  this  layer  is          ,^  ^^^^^^^^^^^  the  white 

moved,  the  true  skin  does  not  present  any  marked  d  ff  rence  ^  °^  ^h^^™ 
.ace.    All  the  epidermic  cells  are  -f^^^^^^^  f ita^^^        are  from 
layers  contain  no  pigmentary  granules.    The  ^^f^f^^^  diameter, 
to  ^  of  an  inch  in  length  and  from  tt^     ^     ™  i„  diameter. 

The  rounded  cells  in  the  upper  layers  are  from  ^  of  an  inch 

The  absolute  thickness  of  the  rete  mucosum  is  f™";^^;;",.^ flattened  cells,  irregularly 
The  horny  layer  is  composed  of  numerous  strata  of  toU;  of  an  inch 

polygonal  in  shape,  generally  without  nuclei,  and  measuring  from 
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in  diameter.  The  deeper  cells  are  thicker  and  more  rounded  than  those  of  the  suner 
ficial  layers.  ' 

The  epidermis  serves  as  a  protection  to  the  more  delicate  structure  of  the  true  skin 
and  its  thickness  is  proportionate  to  the  exposure  of  the  different  parts.    It  is  conse' 
quently  much  thicker  upon  the  soles  of  the  feet  and  the  palms  of  the  hands  than  in  other 
portions  of  the  general  surface,  and  its  thickness  is  very  much  increased  iu  those  who 
are  habitually  engaged  in  manual  labor.    Upon  the  face,  the  eyelids,  and  in  the  exter 
nal  auditory  passages,  the  epidermis  is  most  delicate,  measuring  from  -^^  to   >-  of  in 
inch  in  thickness.    Upon  the  palm  it  is  from  A  to  ^  of  an  inch  thick,  and"npon"the  sole 
of  the  foot  It  measures  from  ^  to  i  of  an  inch.    These  variations  in  thickness  depend 
entirely  upon  the  development  of  the  horny  layer.    The  thickness  of  the  rete  mucosum 
although  ,t  presents  considerable  variation  in  different  parts,  is  rather  more  uniform  ' 
There  is  constantly  more  or  less  desquamation  of  the  epidermis,  particularly  of  the 
horny  layer,  and  the  cells  are  regenerated  by  a  blastema  exuded  from  the  subjacent  vas- 
culai- parts.    It  is  probable  that  there  is  a  constant  formation  of  cells  in  the  deeper  strat, 
of  the  horny  ayer,  which  become  flattened  as  they  near  the  surface ;  but  there  is  no  d  rec 
evidence  that  the  cells  of  the  rete  mucosum  undergo  transformation  into  the  haiTfla 
tened  scales  of  the  horny  layer.  ' 

PhysMogical  Anatomy  of  the  mils  and  Hairs.-lt  is  unnecessary,  in  this  connec- 
tion to  discuss  very  minutely  the  anatomy  of  the  nails  and  hairs.  They  are  ordi 
Barily  regarded  as  appendages  of  the  epidermis,  produced  by  certain  pecuhar  orit 
belonging  to  the  true  skin;  and  an  elaborate  study  of  these^parts  belongs  tLt  f  to 
descriptive  and  general  anatomy.  To  complete,  however,  the  physiologic'  Wsto  y  of 
Ippentgl"  ""'"'^^  arrangement  of  the  Slat 

toes^^  T^f '       ''^''''1     \"  '^"''"^  ^'■^^'^^  ^'''^^  P^^^^^ges  of  the  fingers  and 

pr  hen^on'  ^Tll  trT'  P"^^'        ^  ^^^^       ^-^^  impoSnt  in 

prehen  ion.  The  general  appearance  of  the  nails  is  so  familiar  that  it  requires  no  sDeci^^ 
descnption.    In  their  study,  anatomists  have  distinguished  a  root,  a  b::^;,  and  IZl 


border    TK  '"''^"'^^  ^''""^       ^^^^  «f  skin  which  covers  the  root  to  fh.  f 
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transverse  lines.  It  is  usually  reddish  in  color,  from  the  great  vascularity  of  the  subja- 
less  vascular  and  the  papillae  are  not  so  regular  as  m  ^'^^^-l^'''^^^^^^ 

from  an  inch  and  a  half  to  two  mches. 


E^amining  the  naU  in  a  ^onf  urinal  .cti^^^^ 
regarded  as  the  true  nail,  is  found  o  ^-^^■'^^^f'f'^^^^^^^^         section,  it  will  also  he 
near  the  free  border.    If  the  nad  be  f  J'^^JX  "^^e,  and  that  part  which  is 
found  much  thicker  in  the  central  P^'"*-  ,  ^^^"^^^^^^^^^  like  the  rest  of  the 

received  into  the  lateral  portions  of  the  f^Jf  J^^.^^^^  ^^^^  ,  ^  of  an  inch  ;  and,  in 
root.  The  thickness  of  the  true  nml  a  the  root i^eh.  The  nail 
the  thickest  portion  of  the  body,  it  usua  y  --sure.s  f  om  „ 

becomes  somewhat  thinner  at  and  near  tlie  tree  doi   ^ .  ^^.^^^  correspond 

Sections  of  the  nails  show  that  they  are  co'^P^^J^^^  f  ^Lgh  they  are  much  more 
to  the  Malpighian  and  the  horny  layer  of  the  epide.  mis,  altlu  g 
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distinct.  Tlie  Malpigliiiiii  layer  is  applied  directly  to  the  ridges  of  the  bed  of  the  nail 
and  presents  upon  its  upper  surface  ridges  much  less  strongly  marked  than  those  of  the 
underlying  true  skin.  This  layer  is  rather  thinner  tlinn  the  horny  layer,  is  whitish  in 
color,  and  is  composed  of  numerous  strata  of  elongated,  prismoidal,  nucleated  cells 
arranged  perpendicularly  to  the  matrix.  These  cells  are. from  to  ^^Vt  of  an  inch  in 
length. 

The  horny  layer,  which  constitutes  the  true  nail,  is  applied  by  its  under  surface 
directly  to  the  ridges  of  the  Malpighian  layer.    It  is  dense  and  brittle  and  is  composed  of 
numerous  strata  of  flattened  cells,  which  cannot  be  isolated  without  the  use  of  reagents 
If  the  different  strata  of  this  portion  of  the  naU  be  studied  after  boiling  in  a  dilute^solu- 
tion  of  soda  or  potash,  it  becomes  evident  that  here,  as  in  the  horny  layer  of  the  epider 
mis,  the  lower  cells  are  somewhat  rounded,  while  those  nearer  the  surface  are  flattened 
These  cells  are  nearly  all  nucleated  and  measure  from  ^^^^  to  ^^r  of  an  inch  in  diame- 
,     thickness  of  this  layer  varies  in  dilferent  portions  of  the  nail,  while  that  of 
the  Malpighian  layer  is  nearly  uniform.    This  layer  is  constantly  growing,  and  it  consti- 
tutes the  entire  substance  of  the  free  borders  of  the  nails. 

The  connections  of  the  nails  with  the  true  skin  resemble  those  of  the  epidermis  •  but 
the  relations  of  these  structures  to  the  epidermis  itself  are  somewhat  peculiar.  Up  to 
the  fourth  month  of  foetal  life,  the  epidermis  covering  the  dorsal  surfaces  of  the  last 
phalanges  of  the  fingers  and  toes  does  not  present  any  marked  pecuUarities ;  but,  at 
about  the  fourth  month,  the  peculiar  hard  cells  of  the  horny  layer  of  the  nails  mike 
then- appearance  between  the  Malpighian  and  the  horny  layer  of  the  epidermis,  and  at 
MalZ'nnT'       ff/P'^^l^  '''''  ^^^^^^^'^  ^^^-^  ^«  destined  to  became  the 

until  the  end  of  the  fifth  month,  it  is  covered  by  the  horny  layer  of  the  epidermis.  Aftei' 

eitZnt'^^^'f;™-  'r^^^^^  away  and  disappears  from  the  surface;  and,  at^^ 
seventh  month,  the  nails  begm  to  increase  in  length.  Thus,  at  one  time  the  nails  are 
actually  included  between  the  two  layers  of  the  epidermis;  but,  after  they  have  be  ol 

^fe^pilUL:"^'"  '""f  ^  border  of  IL  Z; 

bed    Th„  Tl  again  under  the  nail  where  the  free  border  leaves  the 

the  eni^  '°       ^^^^^^^^      modifications  of  the  horny  layer  o' 

laTer'^jTe  n'  T^'^f-  '""^  '=^^'"-''^1  peculiarities.    TheiaSg  iian 

cuta  :  ;  '^h^onlvfV"'  '^t'T^"''  ''''''  ""'-'^  P  of  the 

others  .  re  fine  and  downy     Ther  t£  '''  '^'''^  '*^^^  and 

three  varieties  •  differences  have  led  to  a  division  of  the  hairs  into 

and  extremities,.particularly  in  tEe  male  ^'"'^"^  body 

26 
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The  second  variety,  the  short,  stiff  liairs,  is  found  at  the  entrance  of  the  nostrils, 
upon  the  edges  of  the  eyelids,  and  upon  the  eyebrows.  ,       ^,  i      r  . 

'  ?he  third  variety,  tie  short,  soft,  downy  hairs,  are  found  on  the  general  surfa  e 
not  occupied  by  the  long  hairs,  and  in  the  caruncula  lachrypalis.  In  early  hte  and  ord,- 
Ta  ilyTu  l.e  feLle  I  all  ages,  the  trunk  and  extremities  are  covered  w.  h  downy 
ha       but  n  the  adult  male,  these  frequently  become  developed  into  long,  soft  ha.r 

?he  haii-s  are  usually  set  obliquely  in  the  skin  and  take  a  dehnite  du-ectjon  as  they 
He  upon  tl.o  surface.  Upon  the  head  and  face,  and,  indeed,  the  enfre  surface  of  the 
body  tL  general  course' of  the  hairs  may  be  followed  out,  and  they  present  current, 

-  --^^  -  di^rent  persc^, 

ilie  maraeie  j  ^^^^  ^^^^^^  ge^. 

::.arL  1  that  tirfo^^^^^^  attam  the  length  of  from  twenty  inches  to  three  feet, 
eial  terms  ^^^^  ^"^^^^^  ^      .  ^here  are  instances,  however,  m  women,  m 

;:hir2  rl  of  hrhe^^^^^^^^^         considerably  more  than  three  feet,  but  these  are 

a  definite  length,  but  when  it  is  habitually  cut  rt  grows  ''^^''^^J' J^'^^y  ^ 

""of  the  10.,  l.ai.-s,  the  ...  »pon  .be  be.d,  whe,.,  y^^^l^.^'^rJl 

-         '"fr'T't^r'n  ?e  Ze™  ?.eT.>f  .ror.i„...U.  c„»e.  . 

s.™  beu<l,  the  e*™e»  ot  ™n«t,OE  .re  >»™  '™  ^f  Wilson  est,. 

.nd  the  number  upon  the  entire  head,  about  120^00^  ^^^^  ^^^.^^ 

The  short,  stiff  ha.s  .-e  rom^     -al"n  the  color  of  the  hairs  ha  different 

^d  •nlSi:n?^aMluals  of  the  same  ^^^Z:^^^  and  may  be 
When  the  hairs  are  in  a  perfectly  normal  T^^*  °J  Their  strength 

stretched  to  from  one-fifth  to  one-tl.n-i  moret^^  ^^^^  ^^^^  ^ 

varies  with  their  thickness,  hut  an  ordmary  1^^^^/  °^  ^^^^  „f  l^.eoming  strongly 
six  or  seven  ounces.  A  well-known  property  ot  ^^^^^^  ^,,ther  is'  cold  and 
electric  by  friction ;  and  this  as  P-*-"l-  fj^^s^;'  of  the  shaft  of  the  hairs  show 
dry.    The  electricity  thus  excited  is  negative.  _  Sections  o  t  ^^^^^^ 

thlt  they  are  oval,  but  then-  shape  -^^^J^f ^l^^^f^f  tte  hairs  i^  that  they  are 
while  curled  hairs  are  quite  flat     ^^^^  ^^^^  f  ^^^^  l^ecome  sensibly  elongated,  a  , 

-e  construction  of  delicate  hy- 

"ZS^^^S!:!^:^^^—^  sha.   It  be- 

The  root  of  the  hair  is  softer,  rounder  and  a  httle  aiger  ^ 

contes  enlarged  into  a  rounded  bulb  In  deLribing  the 

form  papilla,  constricted  at  its  base,  t^.^^'^^^^Jtion  three  membranes  forn.ing 
connection  between  the  hairs  and  the  skm,  "^^^  ^^^^^^^  roots  of  the  hair  in 

the  walls  of  the  hair-follicles,  and  two  membranes  that  envelop 
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the  form  of  a  sheath.    The  study  of  these  parts  is  much  simplified  hy  keeping  con.stant 
ly  in  view  tlie  correspondence  between  the  diiferent  layers  of  the  follicles  and  the  lavers 
ot  the  true  skm,  and  the  relations  of  the  root  sheaths  with  the  epidermis 

The  follicles  are  tubular  inversions  of  the  structures  that  compose  the  corium  and 
their  walls  present  three  membranes.    Their  length  is  from      to  J  of  an  inch  '  The 


Fm.  im.~Root  of  the  hair.  (Snppoy. ) 
1,  root  of  tho  hair :  2,  hair-bnlb:  8,  pa- 

ihe  follicle  ;  5,  5,  internal  root-shrath- 
6,  external  root-elieatli ;  T,  7,  sebaeo- 
ous  glands  ;  8,  8,  excretory  d nets  of 
the  sebaceous  glands. 


Frc  m.-ITair  and  hair-folUae.  (Sappey.) 
of  fusiform'  n'uZTnrt''''SK  ''nir-follicle,  composed 

membrane  of  the'rolliHr'"''  «' 

12,  opening  onho  hl'tucll^    '""P"'  ^land  ; 
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tl.i8,  is  a  fibrous  membrane  comi  osed  ot  i  sifo  m  nuc  o  «tr„cture- 
Theso  resemble  the  non-strmted  f  ^/^"^  ^^.^^^  L  papula  at  the  bottom 

loss  and  corresponds  to  *  °  rs       fll    h^at  is  conneited  with  the  fibvons 

of  the  hau--sac  f  Imposed  of  an.orphous  matter,  with  a  few 

'^Z::  at:          :aVd':t:rb:bly  contains  Lod-vesse.  and  nerves,  although  these  , 

are  not  very  distinct.  PnlliMpq  m-e  sufficiently  recotniizable,  it 

Although  the  different  — ^^^^^  son.e 
is  evident  that  the  hau-sac  is  ""^^^^^Tl  'vlZment  of  its  anatomical  elements.  The 
.light  modifications  m  the  f^^^^Xelt^^^^^^^^^  true  sldn,  withont  the  elastic 

fibrous  membranes  correspond  to  the  ''eepei  layeis  ,  ^^^^^^^^ 

elements,  and  tbey  present  a  pecuhar  arrang^^^^^^^^^^  The  structureless  membrane 

fibres  being  longitudinal  and  t^e  jnterna^  fib   s        -rs-  .^^^  ^^^^^^^^^^ 

corresponds  to  the  "PP^^  ^^^^^^ «  f  '/^^^f  ^^^^^^^^  general  surface  of  the  corium. 

matter.  The  l-^'-P^P^f/^J  J,^'  distfnct  layers  called  the  external 

The  investment  of  the  root  ot  the  liair  P^^^e"  ;  tl^i^k  as 

and  internal  root-sheaths.  The  external  -ot-shea^  ^  ,  MalpS-"  layer  of  the  epider- 
the  inner  membrane,  and  it  ^^--P^f.^f  J/;*  if  ^''?^  root-sheath  is  a 

^is.    This  sheath  is  continuous  -t^i  t     b^^^  fJ^^Zlj  without  nuclei.    This  extends 
transparent  membrane,  ,«°"^P°f  ,         /^^^^^^^^^^^^^^  of  the  root, 

from  the  bottom  of  the  l^^"--^^!^''^^.  J^"^  'es  orhd    present  certain  peculiarities 

Structure  of  the  Eairs.-The  different  ™* J     ^  P^^^^^,,  Arming  the  great- 
ia  their  anatomy,  but  all  of  them  are  comp^ecl  ^  ^  ^^  ^^f^^^^^^  I,  the  short, 

er  part  of  their  substance,  7;;^^.^/™3,'a-3tinct  medullary  substance ;  but  this 


100.-—  "^-^?^^?S:?iSB£ 

rangTcnt  of  the  epidermis  of  the  h»u-. 

The  fibrous  substance  is  com^sed  ^^^^S^'^^-^^^- 
not  be  isolated  without  the  aid  <^  ll'^^^X^^^^^^^^  the  form  of  d.nrk,  irregu- 

ation  in  warm  sulphuric  acd,  when  tl'^^  P'  °!'^"  ^       „nd  from  W<nr  to^^  of 

lar,  spindle-shaped  plates,  from  ir^i^  ^'  "  ^  „f  various'  shades,  occasional  cavities 

an  inch  wide.    These  contain  pigmenta.y  matter 
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filled  with  air,  and  a  fow  nuclei.    The  pigment  may  be  of  any  color  from  n  lln-i  t  n 
to  an  intense  black,  and  it  is  this  substance  that  gives  to  tLTair  the^iUf  "^f"-" 
color  which  is  observed  in  different  persons.    In  the  lower  p^fof  the' oo  Z^n  " 
are  much  shorter,  and  at  the  bulb  they  become  transformed  as  it  were  .^nt  tV  ^^T 
rounded  cells  found  in  this  situation  covering  the  papilla        '  ' 

The  epidermis  of  the  hair  is  excessively  thin  and  is  composed  of  fl«tfpnn,i  ^ 

above  the  bulb  to  near  the  po  nTed  eSemttv  of  hl  ^  Tr'°™'''^  '''^  J"^^ 
rounded  cells,  from  ^  to    t    of  ,,  ^^T^  ^  i  ^*      composed  of  small, 

tainh^g  dark  gram^el^pi^Sa  ^  ma    ^  'mZ^  Tet^^^l'l  ^^^^"^^'^^ 
globules  ;  and  frequently  the  cells'are  in^ru^  foTa  sho  fdi^^^^^^^^ 
occupied  with  air.    The  dark  P-mn^Uc     +i        i  n         ,7  aistance  and  the  space  is 
to  be  globules  of  air    The  LX"^^^  -eduUary  ee I  s  are  supposed  by  Kolliker 

and  surrounding  the  air-gloMes  "  ^^"""^'^^  ^^^'^  "^^^^^^^  '^'^ 

the  of  sensibinty. 

papilte.    Each  hair  is  first  developed  n  a  closed  s.  ''^"^ 
pomted  extremity  perforates  the  epdem^s    TI^^^  f^*        '^'^  "^""^h  its 

like  the  milk  tei!  being  push^eVS  7^  J^^Z^  ^  ZT'T.  ''''^ 
from  a  second  and  a  more  deeply-seated  nmilln  Ti  •  , "  O"^'  ''^"^'^ 
place  from  two  to  six  months  after  birtJ  '^'"^^  ^^^^^  "^"^"^ 

the oX^^iXtLt?^^^^  quantity  and 

a  blanching  of  thf  cortex  and  meduna  '  -  f'-" 

nut2^it'sf^^:^2:^r «ion  with  the 

hah-  from  violent  emotions  o  otW  a^r   Som?.?"^ '  f  "''^'^  '^^^"^^^^ 
the  hair  may  become  almost  white  in  U  '  course  of  aTwT  1 
popular  impression;  but  others  as.umrth^r     i       /f  ^'^'^         '°^eed,  is  a 

although  it  is  certain  that  tS  harZn.l?  "'''^'''^  ^ake  place, 

In  examining  the  literatur     f  tl^rsuS  S  dZuftTi'  f  •  T'''  ^ 
authenticated  cases  of  these  sudden  ch  rgl  ln/^^^^^^^^  -^'l" 
taken  upon  the  loose  authority  of  persons  evident^  .  ,      T  ff}'^^^  ^^^^  quoted  are 
observations.    Such  instances^  unsCrert  .n^ir  "^^^^'"^  ^^^^-^^S" 

must  necessarily  be  rejected  as  not  ZSl  tl        ^^""^  ■  '''''  °^    "'""^^^  ^^'I'-^cter, 
inquiries,  in  which  aH  possfblTsot    o^^^^^^^^^  sZldTrT^  '^"T'.^' 
necessary,  therefore  to  n„nt«  fi     •    !  .  carefully  excluded.    It  is  not 

the  ancie'^t  writ  rs  ^ASo  f^^^^^^^  ^^^^^^^^^      -/f-  Ranching  of  the  hair  recorded  by 

tific  works,  such  as^hat  oTMlSln^^^^^^^^  "''^'^  ^'^^""^^  - 

to  exclude,  also,  cases  in  whSh  the  ^1        ^;'?r''  '""^  Proper 

friends  or  relati;es;  for  inmost  of  thoin  f .  '  ^'"^^  ^'^'^  onlj\y 
ing  and  unsatisfactory  ^''''^  '^'^  statements  with  regard  to  time  are  conJict^ 

th..  are  a 

-nstratesthe  possibil^^;:-— ^  ^^^t^^^-^ 
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.oportea  instances  wMc.Lavonotl>eens^t^^ 

cases  is  reported    ;^--^\f^^^^^  else,  the  blanching  of  the  hair  oc- 

tlio  observation  of  himself  and  ^  •/                    .  .    '    ^j^^ie,.  tbo  daily  observation 
.,.ed  in  a         tal  in  a  single  n,gh  wl^d^^^^^^^^^^^^ 

of  the  visiting  physician.   As  th^  i  one  o  ^^^^^^.^^  particulars : 

blanehing  of  the  hair,  we  ^^f  f^^  fo^,.  y earl  of  age,  with  light  hair  and  blue  eyes,  was 
The  patient,  a  eompositor  l^iuty-iou  yea^  s       ^  '    .^^^^^^  ^.  .^ack  of 

admitted  into  the  ^"^P^^"?'/;^^ fjf;/;^^  excessive  terror  when  any 

delirium  tremens  ^  ^"^'-'^ff,  ^'^"f;"  fo,  twelve  hours  on  the  night  of  the  Hth 
person  approached  th^  Pat^ent     1  °  ^^1^^^  /  ^  time  nothing  nnnsual  had 

„f  July,  after  taking  ''''''I'^'Xi^  TnZ  mo  ning  of  July  12th,  it  was  evident  to 
been  observed  with  regard  to  the  ban.    On  tlie  n        b       j  ^^^^  ^^^^^ 

the  medical  attendants  and  all  who  saw       P^^ie^*  '^^^  ^^^J^  the  patient, 

bad  become  gray.    This  fact  was  also  ^^^^^^^^^^^^^  ,,tb  intense  astonishment, 

and  be  himself  called  for  a  -""^^^f /^'^tfei^^^^^  be  was  discharged,  the 

The  patient  continued  i^tbe    ^^^^^^^  ^^,^2        this  case  is  the  fact  that  the 

hair  remaimng  gray.  An  inte  esimg  po  ^^._:„„tion  The  white  hairs  were  found 
bairs  were  submitted  to  careful  microscopical  ^"J^j;-  J  ,,,tical  substance, 

to  contain  a  great  number  of  an-globules  n  t^ej-Mk  c^^^^  ^^^.^.^  ^  ^^^.^ 

but  the  pigment  was  everywhere  preserv  d   J^^^^^^^^^^^^  bgbt.    Dr.  Landois 

appearance  by  transmitted  hght  ^^^^  ^^^l^'^^ Tf  ^te  hair,  in  which  each  hair  pre- 
quotes,  in  this  connection,  i^^^t^-^^^V^ ^^^^f  Another  very  curions  case  of  this 

Lted  alternate  rings  of  a  -^^te  and  a  br^wn  colm     Anoth        y^^        ^^.^  ^^^^^ 

kind  was  lately  reported  to  the  Eoyal  ^^^^^^^^  of  air;  but  there 

white  portions  presented,  on  microscopical  ^x'^minat  on  ,r 

was  no  diminution  in  the  quantity     V^S^^^^^^^^^^^^^^  others  leave  no  doubt  as  to  the 
The  microscopical  examinations  by  Di.  ^^^^^do™  the  instances  we 

cause  of  the  white  color  of  tbe  ^^^-n  cases  of  ^.cM  n  ^  -  ^^^^^^^^^  ,,,,o  longer 

bavo  just  quoted  show  that  the  f'^'l'^^^^Z^^^^^^^  in  tbe  pigment,  bntthat 
be  caUed  in  question.  All  are  agreed  ^^^^  ^J^;;^"^  small  globules  being  also  found 
the  greater  part  of  the  medulla  tale  *  ^^^^^    a  m'arked  contrast  witb  bair 

.  rdi£;^"andrv$r^^^^^^^ 

authors  are  entirely  theoretical  ^       bours  renders 

The  fact  tbat  the  hair  may  become  white  ^^^^^  ^^tl^ority  actually  occm:red; 

it  probable  that  many  of  the  cases  reported  upon  —  f^J   -^^  Jterror.  The  tex-ror 

mechanism  of  the  change  is  not  understood.  the  protection  of  the 

as  it  is  a  very  imperfect  conductor  of  ca  one,  iwerv  eyebrows  prevent  the 

of  be  body.    It  also  moderates  tbe  friction  upon  the  m  fa  e    X      y  ^^^^^^^  ^^^^^^^  ^^^^ 

peis'^iS  from  running  from  the  ^^f -f^^ei  n  mS-     thJ  mustache  protects 

surface  of  tbe  conjunctiva  from  dust  '^"J  o*e  exposed  to  dust  in  long  journeys 
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tect  these  orifices.  It  is  difficult  to  assign  any  special  office  to  the  hairs  in  some  other 
situations,  but  their  general  uses  are  sufficiently  evident. 

Perspiration. 

In  the  fullest  acceptation  of  the  term,  perspiration  embraces  the  entire  function  of  the 
skin  as  an  excreting  organ  and  includes  the  exhalation  of  carbonic  acid  as  well  as  of 
watery  vapor  and  organic  matter.    The  office  of  the  skin  as  an  eliminator  is  undoubtedly 
very  important ;  but  the  quantity  of  excrementitious  matters  with  the  properties  of  which 
we  are  well  acquainted,  such  as  carbonic  acid  and  urea,  thrown  off  from  the  general  sur- 
face is  small  as  compared  with  the  amount  exhaled  by  the  lungs  and  discharged  by  the 
kidneys.    If  the  surface  of  the  body  be  covered  with  an  impermeable  coating  death 
occurs  m  a  very  short  time ;  but  the  phenomena  which  precede  the  fatal  result  are  diffi- 
cult to  explam.    All  that  we  can  say  upon  this  point  is  that  deatli  takes  place  when  the 
heat  of  the  body  has  been  reduced  to  about  70°  Pahr.,  and  that  suppression  of  the 
function  of  the  skin  in  this  way  is  always  foUowed  by  a  depression  of  the  animal  tem- 
perature.   The  cause  of  death  has  never  been  satisfactorily  explained,  partly  for  the 
reason  that  we  are  unacquainted  with  the  nature  and  properties  of  all  the  excrementitious 
matters  exhaled  from  the  skin  ;  and  it  is  not  easy  to  understand  why  coating  the  surface 
should  be  followed  by  such  a  rapid  diminution  in  the  general  temperature    The  experi 
mental  facts,  however,  indicate  that  the  skin  probably  possesses  important  functions  with 
which  we  are  entirely  unacquainted.  PJiysiological  chemists  have  detected  urea  and  some 
other  effete  matters  in  the  perspiration,  but  it  is  probable  that  some  volatile  principles 
are  eliminated  by  the  general  surface,  which  have  thus  far  escaped  observation. 

Sudoriparous  Glands.-Th^  most  numerous  and  the  most  important  glands  of  the 
skin  are  those  which  secrete  the  sweat.  The  other  glands,  which  have  been  already 
considered,  have  rather  a  mechanical  function,  serving  to  keep  the  skin  and  its  append- 
ages m  a  proper  condition  for  the  protection  of  the  subjacent  parts;  but  it  is  the  perspir- 
atory apparatus  chiefly  wliich  is  concerned  in  the  great  function  of  elimination 
Ty^Z  ^^^'y  portion  of  the  skin  is  provided  with  sudoriparous  glands 

They  are  not  tound,  however,  in  the  skin  covering  the  concave  surface  of  the  concha  of 
the  ear,  the  glans  penis,  the  inner  lamella  of  the  prepuce,  and,  unless  the  ceruminous  glands 
be  1  egarded  as  sudoriparous  organs,  in  the  external  auditory  meatus 

On  examining  the  surface  of  the  skin  with  a  low 
magnifying  power,  especially  on  the  palms  of  the 
hands  and  the  soles  of  the  feet,  the  orifices  of  the 
sudoriferous  ducts  may  be  seen  in  the  middle  of  the 
papillary  ridges,  forming  a  regular  line  in  the  shal- 
low groove  between  the  two  rows  of  papilla.  The 
tubes  always  open  upon  the  surface  obliquely.  If 
a  thin  section  of  the  skin  be  carefully  made  and 
examined  microscopically,  the  ducts  are  seen  pass- 
uig  tlirough  the  different  layers  and  terminating 
m  .rounded,  convoluted  coils  in  the  subcutaneous 
structure.    These  little,  rounded  or  ovoid  bodies 
which  constitute  the  sudoriparous,  or  swoat-pro- 
ducing  apparatus,  may  be  seen  attached  to  the  un- 
der surface  of  the  skin,  when  it  has  been  removed 
from  the  subjacent  parts  by  maceration.    The  per- 
spiratory apparatus  consist.s,  indeed,  of  a  simple 
tube,  presenting  a  coiled  mass  beneath  the  skin,  the 


Fig.  Ml.— Surface  of  the  pahn  of  the  liand  ■ 
a  portion  of  the  skin  about  one-half 
an  inch  square,  magnified  i  diameters. 
(Sappej'.) 

^'  1' '  "I""''"!?^  of  tho  sudoriferous  ducts  •  2 
skin    ^'""""^^  between  the  papUlaj  of  the 
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»         ,   +n  J  of  fin  inch  ;  the  smallest  coils  being 

The  glandular  coils  vary  m  s.ze  ^^^y^^^^^^^^,"^^^  and  the  convex 

round  beneath  the  skin  ^^/^^^^^  Seo'la  'ol'  the  nip'ple  and  the  peri- 
surface  of  the  concha  ot  the  a  ,  f  I'^'^^f  ^nes  in  the  axilla,  but  these 
nenm.  Very  large  glands  ^f""^*^  J'^^';^^^^  The  coiled  portion  of 
produce  a  P-H-  secret.^^^^^^^^                              ^.^.^^  ,^ 

the  tube  ;s  about       o  ^^n^'y,^  membrane,  from  ,,V.  to        of  an  inch 

It  consists  ot  a  sharply-defined    tion  sometimes  indistinctly  stnated. 

in  thickness,  very  J^^^^P^f  and  terminates  in  a  very  slightly  dilated, 

This  is  of  undorm  dmmetei  ^  ou>)u^  ^^^^^  ^^.^^^^^^  ^ 

rounded,  blind  extremity  .^^^^^  J^f  L.^^iaed  with  small,  oval  nnclei.  The  glandu- 
ter,  usually  not  segmented  mto  cells  and  pio  ^^^^^^^    ^^.^^^         ,  3^,1, 

ttwr  rcon^voirnro?t.rLh  ^sometimes  the  coil  is  enclosed  in  a  deh- 

:^rt  is  Simply  a  co^inua.on  c^tl.  ^^ar  ^Z^^ 
the  layers  of  the  true  skm  is  nearly  s  raight.       «  -  passes  mt  _  ^P_ 
the  papilla  of  the  cerium,  ^^^^  P^'-  f  ^'  "^^^^  ^J^J^^',;  the  epidermis.     Sappey  has 
spirals  vary  in  number  a;;^^^-^^;^^  to  th^^^ 

found  from  six  to  ten  in  the  palms  of  the  lan^s  anu  i  somewhat  nar- 

of  the  feet.  As  it  emerges  from  he  glandula  cod,  th  exc  et  _^ 
rower  than  the  tube  in  the  ---^-S^.P-.^^^^^.^^t^Vr'  'it  possessed  the  same  external 

;Lbrane  as  the  glandular  coil  and  is  lined  generally 
by  two  layers  of  cells  of  pavement-epithelmm. 

In  a  section  of  the  skin  and  the  subcutaneous  tissue, 
involving  several  of  the  sudoriparous  glands  with  their 
ducts,  it  is  seen  that  the  glandular  coils  are  generally 
situated  at  different  planes  beneath  the  skm,  as  is  mdi- 

EoWn  jfas  detribed  a  variety  of  sudoriparous  glands 
in  the  axilla,  which  do  not  differ  so  much  from  he 
glands  in  other  parts  in  their  anatomy  as  m  the  charac- 
L  of  their  secretion.    The  coil  in  these  glaBds  ismuch 
larger  than  in  other  parts,  measurmg  from     to  ot 
an  ilch-  the  walls  of  the  tube  are  thicker,  and  they 
pres^n  Ln  investment  of  fibrous  tissue  with  an  mtemal 
?ay  r  of  longitudinal,  unstriped  muscular  fibres;  and 
finaiyi  the  tubes  of  the  coil  itself  are  lined  with  ce  1. 
o  pavement-epitheUum.    They  are  very  numerous  m 
tL  axUk  forming  a  continuous  layer  beneath  the  skin, 
with  these?  are  a  few  glands  of  the  ordmary  va- 

^■'^Ltimates  have  been  made  by        f  ^^^^^^^ 
the  absolute  number  of  sudoriparous  glands  in  the  body 
and  the  probable  extent  of  the  exhahmt  surface  ot  the 
One  of  the  most  careful,  and  probably  the  mos 
J^able  of  these  estimates,  is  that  made      /-au^  ; 
Tu;  like  all  estimates  of  this  kind,  the  ^^u  ^  are  to 
toi-ATi  ns  merely  approximative.    Kiause  louuu 
o...a..™.  g:eafdrffer:ncrin^the'Uerofpe.^^^^^^ 
ings  in  different  portions  of  the  skin,  and  he  estimated  the  "um^er  x  ^    4^^^  .^^^^  _ 

certain  parts,  as  follows :  On  the  ^^^^S  of  th^         1.303 ;  on  the  breast 

the  cheeks,  548 ;  on  the  anterior  and  lateral  poitions 


Fig  m^Stidoriparoiis  glands,  may- 

niftedW  diameters.  (Sappey.) 
1  1  pnidermis  •  2.  2,  mucous  layer  ;  ».  a, 
'  'na%lte  4,  4,  <1erma:  5.  5,  subeutane- 
SSrireila;  tissue;  fi,  6,  G,  fN.«>'donpa- 
roua  Elands ;  7, 7,  adipose  vesicles  8, 8, 
excretory  ducts  In  the  derma;  9, 9,  ex- 
cretory ducts  divided. 
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and  abdomen,  1  136;  on  tlio  back  of  the  neck,  the  back,  and  the  nates,  417-  on  the  fore 
arm  mner  surface,  1,123,  and  the  outer  surface,  1,093;  on  the  hand,  pah2  I  rt  e' 

surface,  554;  on  the  lower  part  of  the  thigh,  inner  surface,  576;  on  the  foot  ^ZZ 

rnSe'kl'bf'  "f  ^^'^  ''^^'^  "  i-stLatS  'thit 

entue  number  of  persp.ratorj  glands  is  2,381,248;  and,  assuming  that  each  coil  when 
unravelled  measures  about  ^  of  an  inch,  the  entire  kngth  of  the  secrSiL  tubt  °" 
about  2^  miles.    It  must  be  remembered,  however,  that  th'e  length  of  th  s'fetin.  o 
only  IS  given,  and  that  the  excretory  ducts  are  not  included.  " 

MecAani^m  of  the  Secretion  of  Sweat.-The  action  of  the  skin  as  a  glandular  or^^an  is 
ration  from  tho  Wn^ri  ^^fi,-     •   .  t      .  regard  to  the  mechanism  of  ts  sepa- 

mmmmm 

•  queuce,  an  elevation  in  temneritm-^  nnri  o  '?         '  P^'lucmg,  as  a  conse- 

.  ..ppii.;i  with  i„no>,»  sxr  r         .st'  "rr 

<  covered  with  a  copious  nersnir.tinn    TT.       i    '       '         ^  P^^"*  became 

I  the  secretion  of  s^eat        a  r^^^^^^^^^^    wZ'TT"'      ''"'^'^  ^^^^ 
.  cise  or  whenever  there  i^ .  tend  nov  7n  T  .  V""  '  "^ft^^"  ^^^^^ 

c  determination  of  blood  to  ft  smfacT  temperature,  there  is  a 

--at.    This  is  the  cfse  wh':  le  boXr^^^^^^^  ^^^^^^ 
.an  increase  in  the  transpiration  frortlf„l    7    !,      ,  temperature  ;  and  it  is  by 

nnormal  standard   '"'''P"'''"^ '''''      ^"rf'^^^  ^1^'-^*  the  animal  heat  is  maintained  at  the 

of  Cutaneous  Bxhalation.—The  amount  f 

■to  great  variations,  depending  upon  conditio! Tf  exhalation  is  subject  ' 

quantity  and  character  of  the' ingeL  etc  Ts 

■  tion  of  the  skin  in  re-ulitin^  ft..  :  I  ^^^^^  variations  relate  to  the  func- 

eliminationof  ex^^r      o'st:  P-b^'^Ie  that  the 

tions,  to  the  same  modificaUol  nil      7*''°,.'^^"  ^«        «"hject,  under  normal  condi- 

•  i^g.   It  is  not  designed   nZvfn   f  T''^'  experiments  upon  this  point  are  want- 
"'ade  upon  the  quantity  and  tl  A  H  f  ?  '  '^'"'"'^      ''''  experiments  that  have  been 
-side?  only  w^ai:  ™  tTe  mtS^^  ^ 
^Pon  this  subject.    The  classical  expe  ls  ^f^^^^^^^^^  observations 
'tempts  to  determine  by  the  balanceThe  ,lw     of  Sanctonus  were  among  the  first  at- 

' '^hese  were  necessarily  iniperftt  on  1^^^^^^^^^^  the  ingesta  to  the  exhalations;  but 

•'•trnmentsfortheinvLrga  io^Cre  r^^^  d>fteulty  in  constructing  proper  in- 

"ated  together.    When  S  re  5  such  n  w  1  '"^^  Pulmonary  exhalations  were  esti- 

in  the  same  person  und    i  rL  e^^^^^^  -^^-^-Is 

'We  to  give  approximate  estimates  ftl  e  t  n^^^^^^^^^  ^'  ''''^        ""I^  Po- 

-        --y  Of  cutaneous  Lns^S  ^r:^;;^ — 
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tocn  ounces).   Tlio  estimates  of  Krauso  and  of  Valentin,  arc  a  little  less,  but  the  difference 

tnrSnt  and  prolonged  exorcise,  tLo  loss  of  weight  by  exhalation 
..  .ud  lun.^s  umy  becom  very  considerable.    It  is  stated  by  Mr.  Maclaren,  the  author  ot 
an  exceU  nt  work  on  training,  that,  in  one  hour's  energetic  fcncmg,  the  loss  by  perspu.- 
tion  and  respiration,  taking  the  average  of  si.  consecutive  days,  was  about  three  pounds, 
or  accurately,  forty  ounces,  with  a  range  of  variation  of  eight  ounces 

'  When  the  body  is  exposed  to  a  very  high  temperature,  the  amount  o  exhalation  fron, 
the Tu Xc  is  immensely  increased ;  and  it  is  by  this  rapid  evaporation  that  P~  Mve 
b  en  Ible  to  endure  for  several  minutes  a  dry  heat  considerably  exceeding  that  o 
Sn'  wa  er  Dr.  Southwood  Smith  made  some  very  interesting  observations  with 
^esarct  tl  h  s  point  upon  workmen  employed  about  the  furnaces  of  gas-works  and  exposed 
tXt  use  heat ;  and  he  found  that,  in  an  hour,  the  loss  of  weight  amounted  to  from  two 
wTounds  this  being  chiefly  by  exhalation  of  watery  vapor  from  the  skiu.  In  such 
L^fanceT^ie  l^of  wLr  byUspiration  is  supplied  constantly  by  the  ingestion  o. 
large  quantities  of  liquid. 

Properties  and  Composition  of  the  Smat.-A  very  complete  and      f  J^oiT 'm^^^^^^ 
of  the  sweat  was  made  by  Favre,  in  1853.    After  taking  every  P^-^-^^;^^^^^^^^^ 
secretion  in  a  perfectly  pure  state,  he  collected  a  very  large  l-^t'^y  yearly  « -ty  P^n^s 

the  second  half-hour  it  was  neutral  or  feebly  alkaline  ana  auimb  following 
Intly  alkaline.  The  specific  gravity  of  the  sweat  is  from  1003  to  1004.  The  toUow  g 
is  the  composition  of  the  fluid  coUected  by  Favre: 

Composition  of  the  Sweat. 

  995-573 

Water   0-043 

Urea     0-014 

Fatty  matters   0-31 Y 

Alkaline  lactates  '    ^.562 

Alkaline  sudorates   2-230 


Chloride  of  sodium, 
Chloride  of  potassium. 


0-244 
0-012 


Alkaline  sulphates,         soluble  in  water  -  -  •    ^  ^^^^^ 

Alkaline  phosphates, 
Alkaline  albuminates. 
Alkaline  earthy  phos] 
Epidermic  debris  (insoluble) 


Alkaline  phosphates,     j      q.qO.'-, 

Alkaline  albuminates,  J   ' '  ' j  "i"  1"  j  "  a  trace. 

Alkaline  earthy  phosphates  (soluble  m  acidulated  wate. )   ^ 


1,000-000 


we  have  already  alluded  to       ^.notions  of  t.  ^^^^^ 
office  in  regulating  the  temperature  of  the  .^P^^yJ^^  *  ^^^^^s  clearly  that  the  skin 
the  insensible  perspiration ;  but  the  composition  of  lie  sweat  -d^cates  y^^^^_^^^^^ 

is  an  important  organ  of  excretion.    Urea  is  now  ^^^^I'^^^J^^^^^         i,,  their  char- 
the  sweat,  and  the  compounds  of  sudoric  acid  are  frohMy^c^ome 
acter,  although  they  have  not  yet  been  ^^f'^'^'^^.l^Xv^^^^^^^       wil  known  that  its 
The  Quantity  of  urea,  under  ordinary  con  itioB.  .  not        ,  but^^_^^^  ^^^^ 
proportion  in  the  sweat  is  very  much  mcreased  w  lien 
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ikidneys.  _  The  sudorio  acid,  obtained  by  decomposition  of  tlie  sudorates  of  soda  and  of 
.ootassa,  is  a  nitrogenized  substance,  with  a  formula,  according  to  Favre  who  first  de 
scribed  it,  of  0,„HsO,3  K    The  nature  of  the  volatile  acid  has  not  yet  been  determined 
rrhe  fatty  matters  are  probably  produced  by  the  sebaceous  glands,  and  the  ordinary 
nitrogomzed  matters  are  derived  from  the  epidermic  scales.    With  regard  to  the  in 
organic  constituents,  there  is  no  great  interest  attached  to  any  but  the  chloride  of  sodium 
>  vhich  exists  in  a  proportion  many  times  greater  than  that  of  all  the  other  inoi-ffanic  mat- 
i  Ors  combined. 

Peculiarities  of  the  Sweat  in  Certain  Parts.-ln  the  axilla,  the  inguino-scrotal  region 
m  the  male,  and  the  inguino-vulvar  region  in  the  female,  and  between  the  toes,  the  sweat 
1.  ways  has  a  peculiar  odor  more  or  less  marked,  which,  in  some  persons,  is  excessively 
L-isagreeable.  Do_mi6  has  shown  that  whenever  the  secretion  has  an  odor  of  this  kind 
..reaction  IS  distinctly  alkaline;  and  he  is  disposed  to  regard  its  peculiar  characters  as 
ttue  to  a  mixture  of  the  secretion  of  the  other  foUicles  found  in  these  situations.  Some- 
nmes  the  sweat  about  the  nose  has  an  alkaline  reaction.  In  the  axillary  region  the 
.eretion  is  rather  less  fluid  than  on  the  general  surface  and  frequently  has  a  yeZ  sh 
*  or  so  marked  sometimes,  as  to  stain  the  clothing.  The  odor  \s  probably  due  to  the 
Ites  or  tl\  f  ;''"r'  '^"^  "'^^  tbe  caproat'es,  the  vale! 

Physiological  Anatomy  of  the  Kidneys. 

toit'htinJ  rr"."^  regarded  by  physiologists  as  the  type  of  the  excrementitious 
imds  It  having  no  function  to  perform  in  the  economy,  but  being  simply  retained  in 
ee  bladder  to  be  voided  at  convenient  intervals.    All  the  remarls,  indeed,  tt^  have 

.ofess  ffT- ;  7-  ^""^'"'''^^  «f  gr^-t-r  interest  than  the 

ocess  of  urinary  excretion,  with  its  relations  to  nutrition  and  disassimilation  In 
utering  upon  the  study  of  the  functions  of  the  kidneys,  it  will  be  founTu  efu  to  con 
der  certain  pomts  in  their  anatomy. 
The  kidneys  are  symmetrical  organs,  situated  in  the  lumbar  region  beneath  the  neri 

-Lf  the%;       ^         ^^r^"  "1^  downward  to  near  the 

«st  of  the  ihum  and  the  right  is  always  a  little  lower  than  the  left.    In  shape  the 

^^^i7:iit\::7r\'\'  ^-p-  centra??:;!;: 

■hSlnev  iffron^  f  li^lum,  looks  inward  toward  the  spinal  column     The  we!ght  of 

.   in  tSalf   Thr/f^"r  T ""^ ""^^^^^  female 

Us  L  r  r  5    '"'"'"'^  "^^^^^  ^  ""^^  ^^^^^^  ^^^^  the  right, 

■t  bose  fibril,'  "'Tl        t'^'  "  "  ''''''''  °f  f^"^  enclosed 

0  CO  tt;°2fnf    T  ^^--««-es  called  the  adipose  capsule;  but  the 

01  coat  consists  of  a  close  net-work  of  the  ordinary  white  fibrous  tissue  interlaced 

adr^^dl^'T.^        ^^"""^  and  sZih  and  m  y 

ne  the  pelv  3  of  he  kidney,  covering  the  calices  and  blood-vessels.    This  coat  how 
is  not  contmued  into  the  substance  of  the  kidney  ' 

noo  h  ,!Li  t  T?"""  "^'"^     ^^"^'1  tJ^e  pelvis.    It  is  lined  by 

th  frm^^^^^^^  simply  a  continuation  of  the  proper  coat  of  the  kidney' 

^ived  t  .1^  eyl'f  ers,  called  calices,  into  which  the  apices  of  the  pyramids  are 
I  r  and  ro^   .     "  "f'''  '''''''  ''''  '^'^      ^  P^--^-"!-  while  ole  j  1 

ed  inl   K  r  tl'rce  short,  fu^nel-slUed 

icianey.    These  finally  open  into  the  common  cavity,  or  pelvis.    The  sub- 
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stance  of  tlie  kidney  is  composed  of  two  distinctly-marked  portions  called  the  corticnl 
substance,  and  tlie  medullary,  or  pyramidal  substance. 

The  cortical  substance  is  reddish  and  gran- 
ular, rather  softer  than  the  pyramidal  sub- 
stance, and  is  about  one-sixth  of  an  inch  in 
thickness.    This  occupies  the  exterior  of  iIjc 
kidney  and  sends  little  prolongations  (col- 
umns of  Bertin)  between  the  pyramids.  The 
surface  of  the  kidney  is  marked  by  little  po-  " 
lygonal  divisions,  giving  it  a  lobulated  appeal  -  ; 
unce.    This,  however,  is  simply  due  to  the 
arrangement  of  the  superficial  blood-vessels. 
The  medullary  substance  is  arranged  in  the 
form  of  pyramids,  sometimes  called  the  pyra- 
mids of  Malpighi,  from  twelve  to  fifteen  or 
eighteen  in  number,  their  bases  presenting 
toward  the  cortical  substance,  and  their  apicL-s 
being  received  into  the  calices  at  the  pelvis. 
Ferrein  subdivided  the  pyramids  of  Malpigla 
into  smaller  pyramids  (the  pyramids  of  Fer- 
rein), each  formed  by  about  one  hundred 
tubes  radiating  from  the  openings  at  tlie 
summit  of  the  pyramids  toward  their  bases. 
The  tubes  composing  these  pyramids  were 
supposed  to  pass  into  the  cortical  substance, 
forming  coiresponding  pyramids  of  convo- 
V^o.m.-Ye,UcaUecUon  of  tU  kidney.    (Sappey.)  luted  tubes,  thus  dividing  this  portion  of  the 
1  ]  2  2  3  3.3,4,4,4,4,  pyramids  of  Malpighi ;  5,5,   kidney  into  lobules,  morc  or  less  distinet. 
'  The  medullary  substance  is  firm,  of  a  dark- 

tlie  kidney;  8,  upper  extremity  of  the  ui-eter.  ^i^^^  ^j^g  cortical  substance,  and 

is  marked  by  tolerably  distinct  stride,  ^vhich  take  a  nearly  straight  course  from  the  bas.  s 
to  the  apices  ot  the  pyramids.  As  these  strise  indicate  the  direction  of  the  htt  e  tubes 
that  constitute  tne  greatest  part  of  the  medullary  substance,  this  is  sometimes  caUed  the 
tubular  portion  of  the  kidney. 

From  the  arrangement  of  the  secreting  portion  of  the  kidneys,  they  are  classed 
among  the  tubular  glands,  presenting  a  system  of  tubes,  or  canals,  some  of  which  are 
supposed  simply  to  carry  off  the  urine,  while  others  separate  the  excrementitious  con- 
stituents of  this  fluid  from  the  blood.  It  is  difficult  to  determine  precisely  where  the 
secreting  tubes  merge  into  the  excretory  ducts,  but  it  is  the  common  idea,  which  ,s 
probably  correct,  that  the  cortical  substance  is  the  active  portion,  while  the  tubes  e. 
the  pyramidal  portion  simply  carry  off  the  excretion. 

Pyramidal  SuUtance.-&f>.o\x  papilla,  as  it  projects  into  the  pelvis  of  the  kidney,  pre- 
sents from  ten  to  twenty-five  little  openings,  measuring  from  to  ^.^r  ot  an  '"c" 
diameter.  The  tubes  leading  from  the  pelvis  immediately  divide  at  very  acute  angles, 
g  Orally  dichotomatously,  until  4  bundle  of  tubes  arises,  as  it  ^^^^^ 
These  bundles  constitute  the  pyramids  of  Ferrein.  In  their  course,  the  tubes  a  e  slightly 
wavv  and  are  nearly  parallel  with  each  other.  These  are  called  the  straight  tubes  of  the 
kiZy  or  the  Lbes  of  Bellini.  They  extend  from  the  apices  of  the  pyramids  to  their 
basL  and  pass  then  into  the  cortical  substance.  The  pyramids  conta  n,  in  ad  ition  to 
trstJXht  tub  s^^^^  delicate  fibrous  matrix  and  numerous  blood-vessels ;  which  lat  er^ 
iiie  siiaiBut  I'uu^",  ^  -^vi-omulQ  to  be  finally  d  stributed  in  the  cortical 

for  the  most  part,  pass  beyond  the  pyramids,  to  De  nnany 

substance.    Recent  researches  have  shown  that  some  of  the  convoluted  .ubes  dip  down 
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into  the  pyramids,  returning  to  the  cortical  substance  in  tlio  form  of  loops.  This  ar- 
rimijement  will  be  fully  described  in  connection  with  the  cortical  substance. 

The  tubes  of  the  pyramidal  substance  are  composed  of  a  strong,  structureless  base- 
ment-membrane, lined  with  granular,  nucleated  cells.  According  to  the  researches  of 
Iiowman,  the  tubes  measure  fi-om  j-J-j  to  of  an  inch  in  diameter  at  the  apices,  and 
uear  the  bases  of  the  pyramids  their  diameter  is  about  of  an  inch.  The  membrane 
iif  the  tubes  is  dense  and  resisting,  and  portions  of  it  with  the  epithelial  lining  removed 
can  generally  be  seen  in  microscopical  examinations,  when  the  pyramidal  substance  has 
been  simply  lacerated  with  needles.  This  membrane  is  from  s^-^s  to  zolbo  of  an  inch 
in  thickness. 

The  cells  lining  the  straight  tubes  exist  in  a  single  layer  applied  to  the  basement- 
membrane.  They  are  thick,  irregularly  polygonal  in  shape,  and  contain  numerous  albu- 
minoid granules.  They  present  one,  and  occasionally,  though  rarely,  two  granular  nuclei, 
with  one  or  two  nucleoli.    They  are  very  liable  to  alteration  and  are  only  seen  in  the 


longitudinal  necHon  of  the  pyrmn- 
(Sappey ""^       kidney  of  the  fa>tm- 

I,  trunk  of  a  la>ge  uriniforous  tube  ;  2,  2,  primary 
f™;j'ie8of  this  tube ;  3, 8, 3,  secondary  branches ; 
„!.  1  * ''\.'>  ^' ''i branches becominfr smaller 
ana  smaller  ;  8, 8,  8, 8,  loops  of  the  tubes  of  Henlo. 

normal  condition  in  a  perfectly  fresh,  healthy  kidney.    ......  ...........  „  auuu.  -.-^-^ 

mch.  The  caliber  of  the  tubes  is  reduced  by  the  thickness  of  their  lining  o'nithe- 
*"i«>to,-|,jor^iT,ofaninch.  ^ 


Fib.  H4  (B).—Lonffi/!idin(il  Kection  of  Ihc,  cortical  su!>- 
Htance  of  the  mime  kidney.  (Sap[)ey.) 
1, 1,  limit  of  the  cortical  substance  and  base  of  the  pyra- 
mids ;  2,  2,  2,  tubes  paasinff  toward  the  surface  of  tho 
kidney  ;  3,  3,  3,  8,  8,  8,  convoluted  tubes  ;  4,  4,  4,  4,  5, 
Malpighian  bodies ;  (i,  (j,  artery,  with  Its  branches  (7,  T, 
7) ;  9,  9,  fibrous  covering  of  the  Wdney. 


Their  diameter  is  about  tttttt  of 
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differing  somewhat  from  the  tubes  P^^^^^^f^j;;^^  aHforence  in  their  direc- 

.cter  of  their  epithelial  lining,  hut  P^-J  "^^^^^^^^^^  substance  and  are  very 

tion.  These  tubes  are  ^^-^^^'^^^'f^'S'^^ ,  ^'"^^^^^^  in  every  direetion.  Scattered 

,nuch  convoluted,  iuterlacmg  ^y>th  eacl.  «f ,r  ^.oid  bodies,  about 
pretty  uniformly  throughout  h.s  ^^^^^^iTiuU^^^^^  the  Malpighian  bodies.  At 

Lr  times  the  diameter  with  regard  to  the  relation  of 

one  time  there  -^^r'    ^^tle  i^sea'L  I-aes,  and  later  anatomists 

these  bodies  to  the  tubes;  but  the  i^^^^^^^J^  established,  without  doubt,  the  fact  that 

they  are  simply  flask-like,  terminal  dilatations 
of  the  tubes  themselves. 

As  the  result  of  recent  researches,  the  cor- 
tical portion  of  the  kidney  is  now  regarded  as 
presenting  a  delicate  fibrous  matrix,  which 
forms  a  sort  of  skeleton  for  the  support  of 
the  secreting  portion  with  its  blood-vessels 
The  tubes  of  this  portion  are  convolu  ed  and 
somewhat  larger  than  the  straight  ^ubes  but 
are  continuous  with  them,  termmating  finally 
in  the  Malpighian  bodies.    The  researches  of 
late  anatomists,  however,  particularly  in  Gei- 
manv  have  shown  that  this  simple  view  ot 
Re  course  and  termination  of  the  tubes  of  the 
cortical  substance  must  be  somewhat  modified; 
although,  as  far  as  the  anatomy  of  the  organ 
has  any  bearing  npon  our  ideas  conceiving  the 
mechanism  of  the  secretion  of  urine,  the  vie. . 
of  physiologists  need  undergo  no  mateiial 

'^'The  tubes  of  the  cortical  substance  present 
considerable  variations  in  size,  and  instead  of 
a  sSl  system  continuous  with  the  straight 
Xs  and  terminating  in  the  Malpighian  bod- 
S  we  can  distinguish  three  well-defined  vane- 

The  ordinary  convoluted  tubes  directly 
connected  with  the  Malpighian  bodies  2. 
ZZ  tube,  continuous  with  the  convoluted^ 
tubes  d  pping  down  into  the  pyram-uls  and 
llr'ing  to  tie  cortical  Portion  in  tl.e  o.^  of 
loops.    3.  Large,  communicating  tubes,  torm 
r^'a  plexus  connecting  ^^^^^l' 
of  tubes  with  each  other  and  finally  yth  tb 
straight  tubes  of  the  pyramidal  portion. 
''Vl..  relation  of  these  tubes  can  be  m  . 
understood  by  rei^-ce  ^^^^^^^^^^^  '^J^ 
ing  out  the  course  of  j^tri- 


.2 


Ijiglilau  bodies;  ft,  &,  o,  o,  o,  '-"^        ,„„„„^  t„i 


the  straight  tubes  of  the  pyramidal  substance. 
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MalpigTiian  Bodies— IhGao,  are  ovoid  or  rounded  terminal  dilatations  of  the  convo- 
luted tubes,  of  somewhat  variable  size,  measuring  from  2^  to  y-jTj.  of  an  inch  in  diam- 
eter. They  are  composed  of  a  membrane  continuous  with  the  external  membrane  of 
the  convoluted  tubes,  of  the  same  homogeneous  character,  but  somewhat  thicker,  meas- 
uring about  of  an  inch,  while  the  membrane  of  the  tubes  is  only  about  ^ 


inch  in  tliickness.  This  sac,  which  is  sometimes  called  the  capsule  of  Milller*  encIoses"a 
mass  of  convoluted  blood-vessels  and  is  lined  with  a  layer  of  nucleated  epithelial  cells. 
In  addition  to  these  pale,  dehcate  cells  lining  the  capsule,  there  are  other  cells  which  are 
applied  to  the  blood-vessels.  These  latter  cells  are  probably  concerned  in  the  elimina- 
tion of  the  solid  constituents  of  the  urine. 

The  cells  attached  to  the  capsule  of  MiiUer  are  smaller  and  more  transparent  than 
those  Immg  the  convoluted  tubes.  They  are  ovoid,  nucleated,  and  finely  granular  The 
cells  covermg  the  vessels,  however,  are  larger  and  more  opaque,  and  they  resemble  the 
ep.thehum  Uning  the  tubes.  They  measure  from  tiV^  to  ^  of  an  inch  in  diameter,  by 
about  -2-^  of  an  inch  in  thickness. 

Tules  of  the  Cortical  Substance.~Fo\\o^;vmg  out  the  tubes  in  the  cortical  substance 
from  the  Malpighian  bodies,  we  find  first  a  short,  constricted  portion,  which  is  some- 
times called  the  neck  of  the  capsule.  The  tube  soon  dilates  to  the  diameter  of  about 
^  of  an  mch,  when  its  course  becomes  exceedingly  intricate  and  convoluted  These 
are  what  are  known  as  the  convoluted  tubes  of  the  kidney.  The  membrane  of  these 
tubes  is  transparent  and  homogeneous,  but  quite  firm  and  resisting.  It  measures  about 
5Trwo  of  an  inch  in  thickness.  It  is  lined  throughout  with  a  single  layer  of  rounded 
or  irregularly  polygonal  epithelial  cells,  from  to  of  an  inch  in  diameter,  some- 
what larger,  consequently,  than  the  cells  lining  the  straight  tubes.  These  cells  are 
nucleated  and  usually  quite  granular.  It  has  been  found  that,  in  many  of  the  lower  orders 
of  animak  the  ce  Is  hmng  the  neck  of  the  capsule  are  provided  with  vibratDe  cilia;  and 
demrstrated  ''^  their  presence  has  never  been  actually 

The  course  of  the  tubes,  after  they  have  lost  tlie  characters  which  were  formerly  sup- 
posed to  be  peculiar  o  the  tubes  of  the  cortical  substance,  and  their  anastomoses^ have 
attracted  much  attention  within  the  last  few  years.  It  has  been  shown  by  Henl  ,  and 
the  most  important  points  in  his  observations  have  been  confirmed  by  numerous  anato- 
mists, that  the  convoluted  tubes,  instead  of  connecting  directly  with  the  tubes  Z  tL 
"^^^  ^  «^  -^es,  Which  pass  into  l.l 

tnhfT""  ^"^^^f  5^«^^-A°cording  to  the  most  recent  observations,  the  convoluted 
nvariabnetr     V    "''^^'"^        '"'^'^^"^  ^^-^^^^^^on  in  the  coi'tical  substance, 
L  o  tl^^  Pyr-'-^«.  with  tubes  of  much  smaller  diameter 

which  foim  loops,  ex  eadmg  to  a  greater  or  less  depth  into  the  pyramids.    The  loop^ 

Bem^i  and ^''^  --^^  P-^L  with  the  tubes  o't 

S es    The  diamet"?  H  ^^T-.^'"'        '"^^^  toward  the 

irreT„i„,ll  !        ,  ""''^  '^'y  V^^^^^t  enlargements  at 

2S    ;lTIl     ^  ^^'^  "narrow  portions  are  about  ^  of  an  inch  in 

tZl  lLT  Jt  Tl.e  narrow'^tion  is  lined  by 

mnuK  ^11     7     J'^^^  The  wider  portions  aL  lined  by  large,- 

loon  inrl  fy""''  ""T  ''''  P^^^"^'^^'  *e  wide  portion  sometimes  forms  the 
eniLif'      '  u  ^°°P     ^^'""^y'  ^'^"■^w-    The  difl^-erence  in  the  size  of  tl,e 

S     rZ"'^?;*'  f °f       tube  is  variable,  its  caliber  remain: 

n^emb^rrthel^UrB^Tii^      ''''''  ''''''      '''''  '''''^  '"^'^'-^ 

substanTe"  tw'  ^"^^^'T^f  ^'^      °--w  tubes  of  Henle  have  Returned  to  the  cortical 
^ubs^tan^  hey  communicate  with  a  system  of  flattened,  ribbon-shaped  canals,  measuring 
T^wto^^  of  an  inch  in  diameter,  with  excessively  thin,  fragile  walls  lined  by 
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.1  ,  \.nnr^  ivrefTular  and  somewliat  angular  course 
clear  pavemont-epithollun.  T^^^^^^^^^^^^^^  1X::X^o  the  branches  of  the  straigl.t 
between  the  true  convoluted  tubes  ^^Lmitlon  between  the  tubes  eommg  fro  n  the 
tubes  of  Bellini,  thus  eBjab  -hmg  a  — ^^^^  ,,,,  ,  ^  ,nter- 

Malpighian  bodies  and  the  t^^es  ot  h^^^^^^^^       ^^^^  ,,,,,  desenbe  then,  as 

,nediate  tubes,  or  the  eanals      ^^^^/^^^      uion  is  not  definitely  established 
fornung  an  anastomosing  plexus,  but  tj^is  msp  ^^^^  ^^j^^^.    ^^^^^^^ly  ^wo  by 

'"^Th:  tubes  into  which  the  -t-™;^;^*^.;^^^^^^^^  pyi-amids,  where  they  continue 

two,  and  then  pass  in  a  nearly  .^^^-^^g^*  consequently,  less  and  less  numerous, 

to  u'nite  with  each  other  ^^^';';.^:^Zlnto  the  infundibula  and  the  pelvis  of  the 

until  they  open  at  the  apices  ot  the  py.ami 

Bistrihution  of  Bloocl-.esscls  in  ^'j^^fj;;^^^^^  ^^^^ 
nous  in  proportion  to  the  size  of  the  kidney,  e  ^^^^^^^       pyra„,,ds  and 

J  riches'  By  numerous  smaller  branches  :  P-  ^^..^s  between  the  pyra 

vamines  in  the  columns  of  cortical  Bubstance  w  i  ^^^^     ^^^^^^.^  ^ecupy 

Ss  (columns  of  Bertin).    The  mam  --^^J'     X,  at  short  intervals,  regular 

the  centre  of  the  columns  of  Bei^n  sendmg  off  m  th  ^^^^^^  ^^^^^^^^ 
branches  on  either  side,  toward  the  P^'™  "  J.  ^1^,^  the  periphery  of  the  pyramid  to 
o  the  cortical  substance,  they  turn  "P-f  ^tmorng  plexus  situated  exactly  at  the 
t  base    Here  the  vessels  form  an  aixhed  ^n^^^^J^^^^^^^  the  cortical  substance, 

bmmda'ry  which  separates  the  rounded  ^^^^ 'If^.^f^^cal  substance,  and  a  concavity 
?rpL^us  presents  a  large  enough  to  admit 

4^^-r"r "ite  direcaon.  .  ^rom 
'"'From  the  arterial  arcade  branches  -        -  ^^om  ^  to       o  an  inch  m 

tg^r  biting  -^^1-:^^^^^^^^^^^        p^^^  -  — 

r  — ^Trpy'^^^^^^^  and  at  their  apic.^  ^,.^^^,,3       ^.en  off^^t 

Once  within  the  ^^PS^f^' ^"'J'^essels  measuring  from  Wtt^  to  of  a^^^^^^  ^tl,,, 
then  divide  dichotomatonsly  into  v  Bse^  constituting  a  dense,  l^^l^.^'^l^.l,, 

lar,  point  of  penetration  ot  the  ^jinary 

microscopical  preparations  of  the  ^^^^  ^^^^^  ^^^^ 

'\reS:rS;Ki;™o«^^^^^^^^ 

into  a  «r,  fln«  ,e  b  Johcs  n-''"""™' ^  '  i  r 

inmost  of  the  glands.   Bowman  has  caue 


MECHANISM  OF  THE  PRODUCTION  OF  UEINE 


401 


vessels  of  the  Malpighian  tuft  and  the  capillary  plexus  surrounding  the  tubes,  the  portal 
system  of  the  kidney.    These  intermediate  vessels  form  a  coarse  plexus  surrounding  the 
prolongations  of  the  pyramids  of  Ferrein  into 
the  cortical  substance. 

The  renal,  or  eraulgent  vein  takes  its  origin 
in  part  from  the  capillary  plexus  surrounding  the 
convoluted  tubes  and  in  part  from  the  vessels 
distributed  in  the  pyramidal  substance.  A  few 
branches  come  from  vessels  in  the  envelopes  of 
the  kidney,  but  these  are  comparatively  unim- 
portant. The  plexus  surrounding  the  convoluted 
tubes  empties  into  venous  radicles,  which  pass 
to  the  surface  of  the  kidney,  and  these  present  a 
number  of  little  radiating  groups,  each  converg- 
ing toward  a  central  vessel.  This  arrangement 
gives  to  the  vessels  of  the  fibrous  envelope  of  the 

kidney  a  peculiar  stellate  appearance.    These  are 

sometimes  called  the  stars  of  Verheyn.  The 

large  trunks  which  form  the  centres  of  these 

stars  then  pass  through  the  cortical  substance  to 

the  rounded  bases  of  the  pyramids,  where  they 

form  a  vaulted,  venous  plexus  corresponding  to 

the  arterial  plexus  already  described.  The  ves- 
sels distributed  upon  the  straight  tubes  of  the 

pyramidal  substance  form  a  loose  plexus  around 

these  tubes,  except  at  the  papillce,  where  the  net- 
work is  much  closer.    They  then  pass  into  the 

plexus  at  the  bases  of  the  pyramids  to  join  with 

the  veins  from  the  cortical  substance.    From  this 

plexus,  a  number  of  larger  trunks  arise  and  pass 

toward  the  hilum  in  the  centre  of  the  inter-py- 
ramidal substance,  enveloped  in  the  same  sheath 

with  the  arteries.    Passing  thus  to  the  pelvis  of 

the  kidney,  the  veins  converge  into  from  three 

to  four  great  branches,  which  unite  to  form  the 

renal,  or  emulgent  vein.    A  preparation  of  all 

the  vessels  of  the  kidneys  shows  that  the  veins 

are  much  more  voluminous  than  the  nrfpi-iAo  '^'^■]^^—Blood-mmeUofthe3InJpig7iianboaim 
TbR  Wmr)  P  *i  ''^"es.  and  convoluua.  tubes  of  the  Indne.y.  (Sappey.) 

-ine  Jymphatics  of  the  kidney  ai-e  few,  and,  i,  Maii.i.-wan  bodies  sun-ouii.icd  by  the  capsuioa 
according  to  Sappey,  they  only  exist  in  the  sub-      "i.?!^Vi'"'i.^;-^.'-?'.'^''"7»l"t'''i..'"bes  connected 


)vith  the  Mal[)iffhian  body;  :i,  artery  branch- 
ing to  go  to  tlie  Malpighian  bodies  ;  4,  4,  4, 
branches  of  the  artery;  fi,  (i,  Malpighian  bodies 
fronv  which  a  portion  ol'  tlie  caiisu'les  has  beou 
removed ;  7.  7,  7,  vessels  passing  out  of  the 
Malpighian  bodies ;  8,  vessel,  the  liranchos  of 
wliicli  (!))  pass  to  the  capillary  plexus  (10). 


Stance  of  the  organ,  converging  toward  the  hilum. 
fhis  author  does  not  admit  the  existence  of  su- 
perficial lymphatics. 

The  nerves  are  quite  numerous  and  are  de-  -  .  . 

Serior"Tf>*'         P^"""'  M\o^\^^  the  artery  in  its  distribution  in  the 

Jntenor  of  the  organ  and  ramifying  upon  the  walls  of  the  vessels.  N 

Mechanism  of  the  Production  and  Discharge  of  Urine. 
the  ta,?!f  ^7  peculiarities  which  the  kidney  presents  in  its  structure,  as  compared  with 

of  the  urTno  ;  L      1^  '  mechanism  of  the  production  and  discharge 

unne  than  we  have  given  under  the  general  head  of  the  mechanism  of  the  omSfn 
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„i„r.  vu ill  lio  found  to  lie  exceedingly 
of  the  excretions.  The  f^--^^^XeZZ:^on  to  ti.e  processes  of  nutrition 
...omplex,  and  its  various  ingredients  l^'^^  „f  tlie  greatest  importance  to 

and  disassimilation ;  all  of  ^  ^  .^'dy  all  the  conditions  by  which  thi^ 

ascertain  the  precise  mode  of  its  fovmat^n  a^^  to  ^^^y^l\  certainly  re- 

process may  he  modified.    In  the  V^^^^^  ^^^^  ,i„,i,ny  in  the  system  at 

gard  the  excreinentitious  -^f  ^^^^^Jlfi^^'i^^'e  i ddneys ;  and  a  consideration  of  these 
largo,  being  merely  ^^V-^'f^/'O^'^^^^^^^  I,  l^,^,,  fov  us,  then,  in  tins  con- 

Son^rs^^^^  — 

^"^rrimportant  constituent  u.ne  .  ^e.  a^^^^^ 

substance,  which  is  dischai^ed       j-^^         ^  fi^^^^^^^^^  that  gave  any  defi- 

rccognized  as  an  '^-'^^^^^^.'^^''^^l^J^^^^  i.ade  by  Pr6vost  and  Dumas,  in_1821. 

Bite  idea  of  the  mechamsm  of  its  P  ^^^i^^s  were  not  able  to  detect  urea  m  the 

At  the  time  these  experiments  were  ^^^^^^^^^    ^-^       f,om  living  animals  (dogs 

normal  blood;  but  Prevost  -^^^^^^^^J^  ^.f^Jiood  after'cert^ 
and  cats),  and  found  an  abundance  of  urea  ^^^^J         '  ^^^.^  ^^.^..^ed  by  removmg  one 
poisoning  had  been  manifested.    The  fiist  expeum  y  ^^^^^  ^^^^^ 

Sey  by  an  incision  in  the  lumbar  region  and,  a  the  ena  ,^fter  the  second 

^^^e  limal  had  recovered  from  the  ^^l^^^^^^^^  .l^^^^^^^^^^  two  or  three  days 

operation,  the  animals  lived  for  ™-  f^^^^^^^^^^^  discharges  from  the  stomach  and 

there  were  no  symptoms  of  ^ood-po  onmg.  y  ^^^^^^  .^a^nces 

intestinal  canal  occurred  after  a  J^^;^^^^^^^^^^^^  of  urea  in  the  blood  could  be  easily 
of  nervous  disturbance  supervened,  ^'^^^^  and  extended  by  S6galas  and  Vauque- 

determined.  These  observations  ^^Il  l2  l^2Z  of  Medicine  a  specimen  of  nitrate 
liB,  in  1822,  who  presented  to  f  ^  f  ^i^^^'  Jy  l^oiirs  after  extirpation  of  the  kid- 
of  urea  extracted  from  the  blood  of  a  dog  taken  s    ?  g;^^^  tl,,t  tune,  as  the 

neys  <^iving  its  proportion  to  the  weight  °t  Wood  ^^ip  J  ^^^^  .^^^^^^^^ 

;     'esses  lor  the  determination  of  urea  m^^^^^^^  Pieard  carefully 

substance  has  been  detected  in  ^^"^te  quantaty  ^^^^^^       ^^^^  ^^,1  ^em, 

estimated  and  compared  the  by  about  one-half  in  its  passage 

an™ie  found  that  the  quantity  m  the  blood  was  d^mm^s^  ^^.^^  ^^^^ 

S  ough  the  kidneys.    Still  later,  -^e- J^^^J^      ;  ood.  These  facts,  which  have  been 

and  chyle  in  larger  quantity,  even  than      «  \7  to  adopt  the  view  hat 

ataost  universally  regarded  as  e^tab  ^hed  have  led  p  y  B          ^^^^^^  1,,^- 

peculiar  excrementitious  P^^P  ^  j^^^^^^^^^^  of  disassimilatiou,  are  taken  iip 

neys%utareformedinthe  sys  em  by  he  g^^^^^^^  ^^^pl,,  „nd  are  ni 

principles  ot  tne  un       j  vicarious  eliort  has  laiieu  w 
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dent  that  tliey  bear  directly  upon  the  mechanism  of  excretion.  It  is  not  assumed  iiow 
over,  that  excrementitious  principles  are  not  formed  by  the  disassimilation  of  the  tissues 
but  It  IS  asserted  that  urea  and  the  urates  are  produced  in  the  kidneys  by  a  transforma- 
tion of  excrementitious  matters  which  exist  in  the  blood. 

The  original  experiments  of  Prdvost  and  Dumas  are  very  strong  arguments  in  favor 
of  the  view  that  has  been  so  long  almost  unquestioned,  viz.,  that  urea  is  simply  separated 
from  the  blood  by  the  kidneys ;  but  the  more  recent  observations  of  Bernard  andBarres- 
wd,  Eobm  and  many  others,  while  they  confirm  the  first  experiments  on  this  subject 
have  added  very  considerably  to  our  knowledge  of  the  mechanism  of  urcemic  poisoning 
after  extirpation  of  the  kidneys.    The  kidneys,  it  has  been  fotind,  can  readily  be  removed 
from  hving  ammals  (dogs,  cats,  rabbits,  etc.)  without  any  great  disturbance  immediately 
following  the  operation.    Bernard  and  Barreswil  found  that  animals  from  which  both 
kidneys  had  been  removed  did  not  usually  present  any  distinctive  symptoms  for  a  day  or 
wo  after,  except  that  they  vomited  and  passed  an  unusual  quantity  of  liquid  from  the 
mtestmal  canal.    During  this  period,  the  blood  never  contained  an  abnormal  quantity 
of  urea;  but  the  contents  of  the  stomach  and  intestine  were  found  to  be  highly  ammo- 

I  \'  intestines,  particu- 

laily  the  stomach,  became  continuous,  as  weH  as  increased  in  quantity.  Annuals  oper- 
ated upon  in  this  way  usually  live  for  four  or  five  days,  and  they  then  die  in  coma  follow- 
ing upon  conviilsions.    Toward  the  end  of  life,  the  secretion  of  gastric  and  intestinal  iiuids 

theTcontrr     'l^:?'''"  fT  '''''''      ^-^---1  decomposition  of 

theu^  contents,  and  then,  and  then  only,  urea  is  fomid  to  accumulate  enormously  in  the 

memlrlfeTLlh^'r"''  f '^^^^^-^  ^-^ous 
mil     rr      '^^^.°"P°/^^  with  these  membranes  into  carbonate  of  am- 

tary  canal  in  living  animals,  it  disappears  almost  immediately  and  is  replaced  bv  the  am 

^z:^^:.^''r^-  r  r°r^  ^^'''^    -  ^^'ouidtrexpLttord 

0?  tZ  alTmel-l        iT'  "  elimination  by  the  mucous  membrane 

narJtr  WMvf  It'jf'r  '^'^''^'^'''^  -^"^  ^^--Pond  with  those  of  Ber- 
aueHn  H  of  ^'^"^  ascertained,  as  was  shown  by  Segalas  and  Vau- 

lr\;VTh:rr  fb""""  ^'r.  ^^-^^"^^^     ^-^^  quantity'nto'the  v^L  of  a 
immedbJr  eb'mi^lf      .    I  '^"'^       P™'^"^^       P°'^°°°°«  «ff««ts,  but  is 

toms  0?  ^Ir?  '     '       w  ""r"''     '  ^'''^  ''''''  characteristic  symp- 

wTen   J  ^^^^'^  frequently  removed  both  kidneys  from  dogs  and 

lu  ome  i  "r  "h"  T'""^  P'""'"^"^"'  -™als  live  for  from  ftree  to  five  dlys 
lea  li  aLr  *°  twelve  days  or  even  longer  bui 

'leaH  always  takes  place  finally  with  symptoms  of  blood-poisoning  ^  ' 

for,  '^X'Str'i"''  are  supposed  to  show  that  urea  and  the  urates  are  actually 
compa  inV  tL       f'  .  T    ""^^  ^^''"'^^  '"''^  ""^^'^  ^^^h  the  view  of 

m-e  er     a!5    f't  t  '"'""""^  ^'^'^'''y'  ^^^^h  those  produced  by  tying  the 

rectly  onnnl  ^^^r  removal  of  the  kidneys.    These  experiments,  which  are  di 

ma  Ve^' ?!      ,  i'"' *°  the  well-considered  observations  of  P  6vo  t  anTDu 

life,  and  then  urea  is  found  in  enormous  quantity.    In  the  second 
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tvinL'  the  ureters  is  followed  by  an  immense 
,laoe,  it  is  well  kucnvn  that  the  l^^;,^    "^a^Tur  the  eli.ninative  action  of  these 

pressure  of  uriue  in  the  kidneys,  ^^'^  ^'^.^^^^^^^^^  Since  the  influence  of  the  ner- 
organs,  but  affects  most  ^^^^^^^^^ ^'l  studied,  it  is  evident  tbat  tbe  pam  and 
vous  sistem  upon  the  secretions  has  ^'^^^  ^  ',^ove  the  ligated  ureters  must 

disturbance  consequent  upon  the  ^-J^^f  ^^^.^  this  would  probably  inter- 

have  an  important  reflex  action  upon  the  secret  _  ^^^^.^^^^.^itious  principles  by 
fere  with  the  vicarious  eluumation  o  uieaji  ^^^^.^^^  ^^^^.^.^^^  t 
the  stomach  and  intestmes.    J*      weH  k^o  1^  ^  li.^l,  to  be  lollowed 

of  these  secretions,  in  cases  of  "'8^^'^  f  ^,^™ie  symptoms  are  frequently 

immediately  by  evidences  0  -'7-' ^^jf^^t^U^  p,omptly  and  powerfully  upon  the 
relieved  by  the  administra  ion  ol  ieme<h    that       P  ^^.^'^^^.^^^^^  syst.m-aBide 

intestinal  canal.    As  an  f^^^^^^f     J^TnU^^^^^  in  the  blood-vvhich  must 

from  the  mere  accumulation  ot  intense  distress  and  general  prostration, 

result  from  ^y^^^J^l^^^ZX^J^^  which  there  may  be  merely  temporary 
always  so  prominent  in  cases  01  1 

obstruction  of  one  ureter.  the  question  under  con- 

From  a  careful  review  of  the  "^PO^^^^Vf  In,!  for  a  change  in  our  ideas  concern- 
sideX,  there  does  not  seem  to  ^« -^.^tSil^^^^^  ^^7^ 
ing  the  mode  of  elimination  of  urea  a-<^  ^^^^^  ^li  these  principles  are  P-duced  m 
of'the  urine.  There  is  every  ^-^^  f^J/^i.g  the  process  of  disassmnlation  are 
the  various  tissues  and  organs  of  ^^^^  the  blood  by  the  kidneys.  Ihere 

taken  up  by  the  blood,  and  are  simply  ^epaiatea  no  ^^^^  kidneys  or  m  the 

that  in  many  instances  tl^^y  ^^^^*^^;^^^  animals  would  ^0^''''''''  '""^  ^^'T'uevvei 
became  voracious  and  "^^^  of  the  phenomena  so ^uent  y  ob  er  ^ 

of  dogs,  etc.,  and,  in  short  P^e  ente^^^^ 

after  extirpation  of  the  ^P\'^''  weight,  although  i-^ce'^t      '^'^  ._ 

that  the  remaining  ^^^^'V^'^'^^Xi^^o  amount  of  blood,  lymph,  «         "^"^^^^^  that 

Nature  has  provided,  in  the  l^ui  y^,  .^.^^^  constituents  of  *"f/;,,ount  of  excre- 
for  the  elimination  of  the  ex«re  ^      gtent  to  ehminate  the  an 

when  one  kidney  is  ^'j^^'J  ^nder  ordinary  conditions  of   ^^^^^f  ^^^ 

mentitious  matter  *f . -P^^'^  Jll  died  after  extin>ation  of  o  e  k  d^^^^^^^^  q^^^^ 
exceptional  experiment -w^^^^^  ,,,,ey  ^ 'aXS  ^  not 'appear 

interesting:   Octobei  0,  ^.^„^on.  Z'^®  f         „,arked  effects 

nine  months  old,  by  an  !°«^«'°'y°  ,  ^ound  healed  kindly.  The  U, 
Tsuffer  from  the  oP-f-;„^irand  an  exaggerated  ^^^jXc^^^^^ 

forty-three  days  after  the  operation,  the  ao„  1 


VARIATIONS  IN  THE  SECRETION  OF  URINE.  405 

at  12  o'clock  went  into  convulsions,  wliicli  continued  until  3^  p.  m.,  wlien  lie  died 
In  one  other  instance,  in  which  a  dog  was  kept  for  more  than  a  year  after  extirpa- 
tion of  one  kidney,  it  was  occasionally  observed  that  the  animal  was  rather  quiet  and 
indisposed  to  move  for  a  day  or  two,  but  this  always  passed  off,  and  when  he  was 
killed  he  was  as  w^ell  as  before  the  operation. 

•  Influence  of  the  Mnous  System,  Blood-presaure,  etc.,  upon  the  Secretion  of  Urine.— 
There  are  numerous  instances  in  which  very  marked  and  sudden  modifications  in  the 
action  of  the  kidneys  take  place  under  the  influence  of  fear,  anxiety,  hysteria,  etc 
when  the  impression  must  have  been  transmitted  through  the  nervous  system  Although 
httle  is  known  of  the  final  distribution  of  the  nerves  in  the  kidney,  it  has  been  ascertained 
that  here,  as  elsewhere,  filaments  from  the  sympathetic  system  ramify  upon  the  walls  of 
the  blood-vessels,  and  they  are  undoubtedly  capable  of  modifying  the  quantity  and  the 
pressure  of  blood  in  these  organs. 

It  may  be  stated  as  a  general  proposition,  that  an  increase  in  the  pressure  of  blood  in 
the  kidneys  mcreases  the  flow  of  urine,  and  that,  when  the  blood-pressure  is  lowered 
the  flow  of  urme  is  correspondingly  diminished.  This  fact  will  in  a  measure  account  for 
the  mcrease  m  the  flow  of  urme  during  digestion;  but  it  cannot  serve  to  explain  all  of 
the  modifications  that  may  take  place  in  the  action  of  the  kidneys.  The  fact  above 
stated,  although  it  has  been  long  recognized  by  physiologists,  has  lately  been  very  fully 
Illustrated  by  the  experiments  of  Bernard.  This  observer  measured  the  pressure  of  blood 
m  the  carotid  .artery  of  a  dog  and  carefully  noted  the  quantity  of  urine  discharged  in  the 
course  of  a  minute  from  one  of  the  ureters.  Afterward,  by  tying  the  two  crural,  the  two 
brachial,  and  the  two  carotid  arteries,  he  increased  the  blood-pressure  about  one-half,  and 
he  quantity  of  urine  discharged  in  a  minute  was  immediately  increased  by  a  little  more 
ban  fifty  per  cent.  In  another  animal,  he  diminished  the  pressure  by  taking  blood  from 
he  jugular  vein,  and  the  quantity  of  urine  was  immediately  reduced  about  one-half 
ills  later  observations  on  this  subject  showed  that  the  increase  in  the  quantity  of  urine 
thro.!'!  .1  ^  e--«ggei-ated  pressure  of  blood  in  the  kidneys  was  capable  of  being  modified 
5   idi   ^K^r'^^l  •  ''-Periments,  the  nerves  going  to  one  kfdney  were 

Sont  tl?.       P;°^"f  the  arterial  pressure  and  a  consequent  exaggera- 

tion in  the  quantity  of  urme  from  the  ureter  on  that  side.   The  pressure  was  then  farther 

^^^£TT:  T"''  °'      f"^'-         ^'-^'^'y  itltd  by 

Mair^tT7^  '^''''''''^  P^i'^         distress  from 

want  of  air  arrested  the  secretion  upon  the  sound  side 

yetIeL''riiJri!""''7'"?  'T''  ^^^'-^t'^^  °f  ^"--^  has  not 

Zlt  hTJr  ascertained.  Some  important  facts,  however,  bearing  upon  this  sub- 
jet  have  been  developed  of  late  years.    In  his  interesting  and  novel  experLents  upon 

TtllttT  T  r™t'  ^'T'"'  ^^^^^  " -vXa  trthe  floor 

ore  f  °\       pneumogastrics  and  the  auditory  nerves,  the  urine  was  in- 

cr  ased  m  quantity  and  became  strongly  saccharine.    When  L  irritation  was  applied  a 

u-   an7  vtn'tT   '  '"^^^  "'^^"^^^'^  contaTned  no 

Solit  an;  n  ^'^.P""^*"'-^  "^^^^  15"le  below,  sugar  appeared  in  the  urine 
sect  0^0?  tJ/       r     1*'  °*  I*  ^'^^  '^'^  been  observed  tl  a^ 

soteZ  of  :r  "       ''''''  P-^^*     ""^  '^--l  -^-'^  --t-^'       ^  time,  the 

iminediate  e/rV?  '1^^^''°°  °^  '''''''  ^'-^ney  is  very  curious  The 

^nt  to  h.l  1  °f  these  nerves  is  to  increase  largely  the  amount  of  blood 
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,  XX,  ThP  lieature  was  then  loosened,  BO  as  to  admit  the 

including  every  thing  but  the  ^f"  /^^^^.^^^^^^  The  secretion  of  urine  continues, 
hlood,  but  the  nerves  had  been  brmsed  J^^^  J^^;^^;*^  I,  eeases,  and  the  nutri- 
however,  under  these  circumstances  for  only  u  i  w  bours    1  ,  .^^^  ^ 

tion  of  the  kidney  b-m-  P-^^^^^^^^^  ,eath. 
semifluid  mass,  which  °  '       the  urinary  excretion  iniluence  the  com- 

The  other  P^y-^l^S^f  ^    ^tftv  ofe^  -otters  separated  by  the  kid- 

position  of  the  urine  and  the  q^ant  ty  of  ^^^^^  ,f  ^,t,ition  and  dis- 

neys.    These  will  be        J^J^^f  ^^^^^^^^^  that,  during  digestion,  when 

assimilation.    It  is  sufficient  to  i  emai k  m  ^^j^i^,  ^^tters,  the  qnan- 

^^^ts^r s  principles  eliminated  Si 
duced  in  the  tissues  by  the  process  of  ^^^^^^^^^'^^^^^^^^^^  of  most  of  the 

presenting,  in  this  regard,  a  --^^7^ Llr  tion'  It  was  noted  by  Erichsen,  in  a 
secretions  proper,  as  distmgmshed  from  the  ^       ^  experiments  upon 

case  of  extroversion  of  the  bladder,  '^/^^^^^^^^  ^he  two  sides.  Ber- 

dogs,  that  there  is  an  alternation  m  the  ^^^^  *  ™  J,,  tube  in  each,  so  that 
nard  exposed  the  ureters  in  a  hvmg  anima  ^^fj^'^^^^fl  1,,  ,oted  that  a  large 
the  secretion  from  each  kidney  ^^^^  ^^^Jf;^^^^,  t  'r^  fift  en  to  thirty  minutes,  while 

tion  of  action  in  the  parotid  glands. 

the  changes  in  the  blood  in  its  P.^^t^^e  ^-^Ligl 

The  most  important  of  these  consist  m  a  dnn^t^on  in  ^^^^^^^^^      This  would  be  expected, 

and  other  of  the  excrementitious  P™-?  ^^^^^^^^^^^  ,ri,e,  and  they  have  been  shown 
inasmuch  as  these  principles  are  constantly  present  1^^^^^^  ,3certoined,  also,  that  the  blood 

to  be  derived  exclusively  from  the  blood  H^^olof  any  other  part  of  the  venous  sys- 
of  the  renal  veins  contains  less  "^f'^'l'^l'^^^lM  hj  the  kidneys,  for  the  purpose 
tem.    The  constant  separation  of  explanation  of  this  fact.  It 

of  carrying  oif  the  soluble  excrementitioxrs  pimciples          J  ^^^^^^  ^^^^^  ^^^^^ 

was  also  observed  by  Simon,  a  number  ^l^^^^l^\^\^,,Minfvo^n  it  in  the  ordmary 
does  not  coagulate  readily,  and  that  it  is  impossible 

way  by  stirring  with  rods.  researches  of  Bernard,  showing  that  the 

Reference  has  already  been  made  \;^^^^^J,^,,tion^  activity  is  but  little  dark- 

blood  coming  from  many  of  the  ^'^^^l^^^^Z  s^^^^^^^ 

er  than  arterial  blood.  The  action  of  ft  ^n^y^^^^^^^^  ^.^^  „,g,„3  be  disturbed  the 
which  they  receive  is  enormous.    Unless  tl>e  consequently  red,  contain- 

lod  pasing  through  them  cannot  J^^-^^^^^Jf^j^X  of  carbonic  acid.  This  fact 
ing  a  large  quantity  of  oxygen  and  a  '^f^JJ^j'l^  J l.ave  examined  the  renal  vems 
we  have  often  noted,  and  it       been  obse-od  ^^^^^^^^^^  ^^^^^     ^^^^  ^^^^^ 

in  living  animals.    In  comparative  a^aly^^^f^^  S;;;^.^  either  specimen,  the  pro- 

vein,  Bernard  found,  in  one  ^^'^^"'^^  for  the  artery,  and  10  parts 

portion  of  oxygen  bemg  12  parts  per  himdred  f,,^  50°  to  53°  Fahr. 

for  the  vein.    These  observations  were  made  at  a  ten  i  ^^^^^^ 
Making  the  analyses  at  about  ^^^^'^Pf'^tlnd  S^rparts  for  the  vein,  and  the  propor- 
of  carbonic  acid  was  3  parts  ^^^''^''-'^J.;^^^^^^^        parts  for  the  vein.    When  the 
tion  of  oxygen  was  19-46  parts  or  .^^-J*^'^'^^,^  the  blood  became  black  m 

secretion  of  urine  was  arrested  by  irritation 
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the  vein,  and  the  quantity  of  oxygen  diminished,  with  a  corresponding  increase  in  the 
proportion  of  carbonic  acid.  These  observations  show  that  during  secretion  most  of  the 
blood  sent  to  the  kidneys  is  for  the  purpose  of  furnishing  water  and  the  excrementitious 
principles  of  the  urine,  and  that  but  little  is  used  for  ordinary  nutrition.  Secretion  ap- 
pears to  have  no  marked  influence  upon  the  consumption  of  oxygen  and  the  production 
of  carbonic  acid. 

Physiological  Anatomy  of  the  Urinary  Passages. — The  chief  physiological  interest 
attached  to  the  anatomy  of  the  urinary  passages  is  connected  with  the  discharge  of  the 
urine  from  the  kidneys  into  the  bladder,  and  with  the  process  of  micturition;  and  it  will 
be  necessary,  consequently,  to  give  but  a  brief  account  of  the  structure  of  these  parts. 

The  excretory  ducts  of  the  kidneys  (the  ureters)  commence  each  by  a  funnel-shaped 
sac,  the  pelvis,  which  is  applied  to  the  kidney  at  the  hOum.  This  sac  presents  little  tu- 
bular processes,  called  calices,  into  which  the  apices  of  the  pyramids  are  received.  The 
ureters  themselves  are  membranous  tubes  of  about  the  diameter  of  a  goose-quill,  becom- 
ing much  reduced  in  caliber  as  they  penetrate  the  coats  of  the  bladder.  They  are  from 
sixteen  to  eighteen  inches  in  length,  passing  from  the  kidneys  to  the  bladder  behind  the 
peritoneum.  They  have  three  distmct  coats :  an  external  coat,  composed  of  fibrous  tis- 
sue, the  ordinary  white  fibres  mixed  with  elastic  fibres  of  the  smaU  variety ;  a  middle 
coat,  composed  of  diflferent  layers  of  non-striated  muscular  fibres ;  and  a  mucous  coat. 

The  external  coat  requires  no  special  description.  It  is  prolonged  into  the  calices  and 
is  continuous  with  the  fibrous  coat  of  the  kidney  at  the  apices  of  the  pyramids. 

The  fibres  of  the  muscular  coat  present  two  principal  layers ;  an  external  longitudi- 
nal layer,  and  an  internal  transverse,  or  circular  layer,  to  which  is  added  near  the  blad- 
der a  layer  of  longitudinal  fibres,  internal  to  the  circular  fibres. 

The  mucous  lining  is  thin,  smooth,  and  without  any  foUicular  glands.  It  is  thrown 
mto  slight  longitudinal  folds,  when  the  tube  is  flaccid,  which  are  easily  efi-aced  by  dis- 
tention. The  epithelium  exists  in  several  layers  and  is  remarkable  for  the  irregular 
shape  of  the  cells.  They  present,  usually,  numerous  dark  granulations  and  one  or  two 
clear  nuclei  with  distinct  nucleoli.  Some  of  the  cells  are  flattened,  some  are  rounded 
and  some  are  caudate,  with  one  or  two  prolongations.  ' 

Passing  to  the  base  of  the  bladder,  the  ureters  become  constricted,  penetrate  the  coats 
of  thiB  organ  obliquely,  their  course  in  its  walls  being  a  little  less  than  an  inch  in 
length.  This  valvular  opening  allows  the  free  passage  of  the  urine  from  the  ureters,  but 
compression  or  distention  of  the  bladder  closes  the  orifices  and  renders  a  return  of 
tne  llmd  impossible. 

The  bladder,  which  serves  as  a  reservoir  for  the  urine,  varies  in  its  relations  to  the 
pelvic  and  abdominal  organs  as  it  is  empty  or  more  or  less  distended.  When  perfectly 
empty  It  lies  deeply  in  the  pelvic  cavity  and  is  then  a  small  sac,  of  an  irregularly  trian- 
gular form.  As  it  becomes  filled,  it  assumes  a  globular  or  ovoid  form,  rises  up  in  the 
pelvic  cavity,  and,  when  excessively  distended,  it  may  project  into  the  abdomen.  When 

of'linir  \  7     1  ^l"*^^^''  '^^^"^  '^o^tains  about  a  pint 

ot  liquid;  but  under  pathological  conditions,  it  may  become  distended  so  as  to  con- 
a  n  P;°ts  and.  in  some  instances  of  obstruction,  it  has  been  found  to  con- 

rrhln  T  ^'"'^"^         c^vnc\onB  in  the  female  than  in  the  male 

arv  to        ?!        I  ^^^"^^  peritoneum,  which  it  is  unneces- 

han!es  in  1"  ''^     f  ^o^^.^ection,  but  which  are  so  arranged  as  to  allow  of  the  various 

BummU,  a^oroL  third  ofZrrT  ^°7'°'°^''/'"""      "^^""^^          --'ers  to' the 
,  about  one-third  of  the  lateral  portion,  and  a  small  part  of  the  anterior  portion. 
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•  fo      fihrfis  of  the  non-striated  or  involuntary 
The  middle,  or  nmscular  coat,  consists  of  fibies  ot  tne  u 

variety,  arranged  in  three  tolerably  gbres,  which  arise  from  parts 

The  external  muscnlar  layer  is  compos  d  l^*;*;^^  l^,  ,.^!  ,,er  the  organ,  so 
adjacent  to  the  neck,  and  its  verti- 

that  when  they  are  contracted  ^^y^!^;';^;^^^;*;^"^ ^^'^Tl  e  body  of  the  pubis  and  the 
cal  diameter.  ^^^^^^^^^^^^^^  il  anterior  ligaments, 

symphysis,  by  tendinous  bands,  l-^own  attached  to  its  anterior  sur- 

These  tendinous  fibres  spread  out  upon  the  V^TZv  ^L  lnu^m^  of  the  bladder,  they  in- 
face.    As  the  fibres  on  the  anterior  surface  P^^^  ^™    ^^.^^       posterior  sur- 

terlace,  and  some  of  them  are  continuous  w  tii  ,fter  forming  a  dis- 

face.    The  posterior  fibres  arise  f  ^^^^V^t^  ^.t  u^on  the  posterior  sur- 

tinct  band  an  inch  or  an  inch  and  l^^^']^  '^^^^^^^^^  l^,,  of  the  prostate  and  spread 
face  of  the  bladder.    ^1-  la  e-1  fibres  ans   from  the  .^^^    ^^^^  P^^^^.^^_  ^^^^^ 

out  upon  the  lateral  surfaces  of  *e  bladder^  ^^^.^^^ 
from  the  dense  fibrous  membrane  ^etw-  the  neck  of  t     ^^^^^  ^^^^  ^^^^^.^^ 

T^^'^S:^^:^^^^  are  of  a  pinkish  hue,  being  much  more 

Of  c— -rt:;:: 

face  of  the  bladde.  in  distinct  bands  at  r^^^^^^^^^^^^ 

thinner  and  less  strongly  marked  on       P°f .^ssively  pale  fibres  arranged  in  longi- 
The  internal  muscular  layer  is  composed  of  e^<=;;"y^^^/      ^ith  each  other  as  they 
tndinal  fascicuh,  the  anterior  and  If^-J^^^"^^^^^^  communication,  and  the 

descend  toward  the  neck  of  the  .^^^^^^^^^  Here  they 

posterior  bundles  interlacing  m  ^'^'^  ^'^'''''^^^^^^         layer    This  arrangement  has 
are  not  to  be  distinguished  from  the        s  of  the  m^^^^^^      y  .^^^^5^^  ,1 

given  to  these  fibres  the                         ^^.^  Xiou  with  the  muscular  fibres  of 
bladder  its  reticulated  appearance,    ibis  layer 

the  urachus,  the  ureters,  and  the  nrethra.  ^^^^^^  ^^^^ 

»„  obstrnctloa  to  its  passage  into  «;«  "aMe^  a,  U.ddev,  that  tk.y  a« 

herenl  to  the  sohmucons  tissue,  except  over  J»;P°»  "  ,^„(  „i,e,ved  i«  the  pel™ 
t  setal  layers  and  presents  the  -"^XCc^^^  ""  "T*j  iLZ 

t--s":tfr;er&^^^^ 

:yr':^rr:7a.torthn.^X:i^^^^^^  ,,,.0.,  ,„e„hrane 

The  corpus  trigonnm  is  a  triangular  body,  y^^S  J  the  openings  of 

att^rbTse^of  the\ladder  and  e^^^^^^^^^^^^  ^  tf^j" 

r:Tti^;s^-^5r^^^ 

?old    eve;  when  the  bladder  is  entirely  empty.  its  mucous  mem- 

?he  blood-vessels  going  to  the  bladder  ar^^^  the  mucous  mem- 

brane.   They  are  not  very  numerous,  except 


MECHANISM  OF  THE  DISCHARGE  OF  URINE. 


409 


brane  is  tolerably  vascular.  Lymphatics  have  been  described  as  existing  in  the  walls  of 
the  bladder,  but  Sappey,  whose  researches  in  the  lymphatic  system  have  been  very  ex- 
tended and  successful,  has  failed  to  demonstrate  them  in  this  situation.  The  nerves  of 
the  bladder  are  derived  from  the  hypogastric  plexus. 

The  urethra  is  provided  with  muscular  fibres,  and  it  is  lined  by  a  mucous  membrane 
the  anatomy  of  which  will  be  more  fully  considered  in  connection  with  the  function  of 
generation.  In  the  female  the  epithelium  of  the  urethra  is  like  that  of  the  bladder.  In 
the  male  the  epithelial  cells  are  small,  pale,  and  of  the  columnai-  variety. 

MecJianism  of  the  Discharge  of  Urine— lu  some  of  the  lower  orders  of  animals  in 
which  the  urine  is  of  a  semisolid  consistence,  the  movement  of  vibratile  cilia  in  the  uri- 
niferous  tubes  probably  aids  in  the  discharge  of  the  excretion ;  but,  in  the  human  subject, 
the  existence,  even,  of  cilia  is  doubtful,  and  the  urine  is  discharged  into  the  pelves  of  the 
kidneys  and  the  ureters  by  pressure  due  to  the  act  of  separation  of  the  fluid  from  the 
blood.  Once  discharged  into  the  ureters,  the  course  of  the  urine  is  determined  in  part  by 
the  vis  a  tergo,  and  in  part,  probably,  by  the  action  of  the  muscular  coats  of  these  canals. 
Muller  has  found  that  the  ureters  can  be  made  to  undergo  a  powerful  local  contraction 
upon  the  application  of  a  galvanic  current;  and  Bernard  has  shown  that  this  may  be 
produced  by  galvanization  of  the  anterior  root  of  the  eleventh  dorsal  nerve.  Notwith- 
standmg  these  facts,  it  is  difficult  to  estimate  the  amoimt  of  influence  ordinarily  exerted 
by  peristaltic  contractions  of  the  ureters;  but,  when  there  is  excessive  accumulation  of 
urme  m  the  bladder,  or  when  there  is  obstruction  from  any  cause,  such  as  the  presence 
of  a  renal  calculus,  these  contractions  are  probably  quite  energetic. 

When  the  urine  has  accumulated  to  a  certain  extent  in  the  bladder,  a  peculiar  sensa- 
tion IS  experienced  which  leads  to  the  act  for  its  expulsion.  This  desire  to  discharge  the 
urme  is  probably  due  to  the  impression  produced  by  the  distention  of  the  bladder  The 
intervals  at  which  it  is  experienced  are  exceedingly  variable.  The  urine  is  usually  voided 
before  retiring  to  rest  and  upon  rising  in  the  morning,  and  generaUy  two  or  three  times 
m  addition,  during  the  day.  The  frequency  of  micturition,  however,  depends  very  much 
upon  habit,  upon  the  quantity  of  liquids  ingested,  and  upon  the  degree  of  activity  of  the 
skin ;  the  latter  conditions  modifying  the  quantity  of  urine. 

Evacuation  of  the  bladder  is  accomplished  by  the  muscular  walls  of  the  organ  itself 
aided  by  contractions  of  the  diaphragm  and  the  abdominal  muscles  with  certain  muscles 
which  operate  upon  the  urethra,  and  it  is  accompanied  by  relaxation  of  the  sphincter 
vesica3.  Ihis  act  is  at  first  voluntary,  but,  once  commenced,  it  may  be  continued  by 
he  mvoluntary  contraction  of  the  bladder  alone.  During  the  first  part  of  the  process, 
tlie  distended  bladder  is  compressed  by  contraction  of  the  diaphragm  and  the  abdominal 
muse  es ;  and  this,  after  a  time,  excites  the  action  of  the  bladder  itself.  A  certain  period 
usually  elapses  then  before  the  urine  begins  to  flow.  When  the  bladder  contracts  aided 
oy  the  muscles  of  the  abdomen  and  the  diaphragm,  the  resistance  of  the  sphincter  is  over- 
come, and  a  jet  of  urine  flows  with  considerable  force  from  the  urethra.  All  voluntary 
action  may  then  cease  for  a  time,  and  the  bladder  wiU  nearly  empty  itself;  but  the  force 
01  tno.iet  may  at  any  time  be  considerably  increased  by  voluntary  effort, 
tinn   f'-f  ^'le'^'er  the  bladder  be  capable  of  entirely  emptying  itself  by  the  ac- 

huLn      •""f."^  '  ""^"""'^  ''^'1  ^^'^  ""^^  "^^y     ^^P^l'^^l  ^ay  in  the 

uman  subject,  there  can  be  no  doubt;  and  it  has  been  shown  by  experiments  upon  some 

drawn  !!!,r"'°/.r'7l'  completely  evacuated  when  it  has  been 

hi;7i        «    ^     abdommal  cavity.    In  vivisections,  we  have  frequently  observed  the 
bladder  so  firmly  contracted  that  it  could  contain  hardly  more  than  a  few  drop  of  linuM 

blaJders:  .r':;?f  Vl  "^P*^^^'^^  '^^'^  "'"^-^       ^^^^^^^      ^-■l-'l  -main  ng t  tl t 
and  there     '   '     °  /I'^P^'!'-''^'-  ^"'^  ^^e  abdominal  muscles  are  again  called  into  action 

a'ns.    At  this  time,  tlie  impulse  from  the  bladder,  and,  indeed,  the  influence  of  the  ab 
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.v.crM  nnfl  the  flow  of  urine  along  the  urethra 
aommal  mnscles  and  diaphragm,  are  very  ^^^^'^  ' of  so.ue  of  the  perineal 

is  aided  by  the  contractions  of  ^^^^I'^^Z^l^^^^^^^  '^'^  — l"'' 

muscles,  the  most  efficient  being  the  acce le.a toi  uim»    b  ^^.^^^.^^ 

a  few  drops  of  urine  general  y  "-^^J^t^^^^^^^^ 

ing  to  the  researches  of  Budge,  the  -^--^^j;^^;^^^^  Xeh  presides  over  the  con- 
sy'mpathetic,  and  be      <l-;f  ^^^^^  and  the  vasa  deferentia. 

which  corresponds  to  the  fifth  lumbar  vertebra. 

Properties  and  Composition  of  the  Urine. 
The  importance  of  an  e.act  .nowled.e     J  e  prop^^^^^^^^^^^  _ 
has  long  been  recognized  by  ^if^^^V'^^Z  discovery  of  urea,  by  Hillaire  Eouelle, 
<h-  less  valuable,  upon  this  subject  dating  ™  ju.possible,  however  to 

m  the  latter  part  of  the  last  ---':tY^^J^ir<T  ^^  researches  upon  the  differ- 

follow  out  in  detail  ^^^-'"^.^Z^f 'ZlT^  pure  human  physiology  ;  and 

ent  urinary  constituents,  ^^'^^'^\''^llf^l  little  more  than  an  historical  interest, 
the  observations  of  the  earher  -;^^lllXorZ  nvu..  by  BerzeUus,  made  ear  y  in  the 
But  this  can  hardly  be  said  of  *e  analysis  o  th^^  physiology,  these  are 

present  century,  for,  even  in  ^'^^^'^  l^^f 
Loted  as  the  most  elaborate  -^\y^^f  /^^^^'l,  to  give  simply  the  chemistry  of  the 
icretion.    In  treating  of  this  ^abjec  ,  we  ^  J^i,^,,ly  upon  its  relations  to  the 

urine  as  it  is  understood  at  the  present  day^  ^         it        be  necessary  to  con- 

r    rr-  .  -The  color  of  the  urine  is  very  variable 
General  Physical  Properties  of  t^'J^^    considerable  extent  upon  the  character  of 
within  the  limits  of  health  and  it  ^fP^f ^^^^^^^^^^  ^kin.    As  a  rule,  the  color  is  ye  1- 

the  food,  the  quantity  of  drink,  and  t  -J^^^^^;^.^,    The  fluid  is  perfectly  transparent 

is  more  intense  and  the  urmous  odoi  ™°  J  .  the  color  pale,  and  the  odor 
faint    The  urine  passed  in  the  morning 

It  IS  somewi  observations  on  this  subject,  by       J  ^  „„y  change 

the  normal  temperature  of  the  uiine,  as 
diseases. 
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Quantity,  Specific  G-ravity,  and  Reaction  of  the  Urine. — ^la  estimating  the  total  quan- 
tity of  urine  discharged  in  the  twenty-four  hours,  it  is  important  to  take  into  considera- 
tion the  specific  gravity,  as  an  indication  of  the  amount  of  solid  matter  excreted  by  the 
kidneys.  We  have  already  alluded  to  some  of  the  variations  in  quantity  constantly  oc- 
curring in  health,  as  depending  upon  the  proportion  of  water ;  but  the  amount  of  solid 
matters  excreted  is  usually  more  nearly  imiform.  It  must  also  be  taken  into  account  that 
differences  in  climate,  habits  of  life,  etc.,  in  different  countries,  have  an  important  influ- 
ence upon  the  daily  quantity  of  urine.  Dr.  Parkes  has  collected  the  results  of  twenty-six 
series  of  observations  made  in  America,  England,  France,  and  Germany,  and  he  finds  the 
average  daily  quantity  of  urine  in  healthy  male  adults,  between  twenty  and  forty  years 
of  age,  to  be  fifty-two  and  a  half  fluidounces,  the  average  quantity  per  hour  being  two 
and  one-tenth  fluidounces.    The  extremes  were  thii-ty-five  and  eighty-one  ounces. 

In  attempting  to  decide  the  question  whether  a  certain  quantity  of  urine  passed  be 
abnormal  or  within  the  limits  of  health,  it  is  important  to  recognize,  if  possible,  certain 
limits  of  physiological  variation.  Becquerel  states  that  the  variations  in  the  proportion 
of  water  in  the  urine  likely  to  occm-  in  health  are  between  twenty-seven  and  fifty  fluid- 
ounces  ;  but  his  average  of  the  total  quantity  in  the  twenty-four  hours  is  only  forty-four 
oimces,  which  is  rather  lower  than  the  one  we  are  disposed  to  adopt.  The  circumstances 
that  lead  to  a  diminution  in  the  proportion  of  water  are  usually  more  efficient  in  their 
operation  than  those  which  tend  to  an  increase ;  and  the  range  below  the  healthy  standard 
13  rather  wider  than  it  is  above.  All  these  estimates,  however,  are  merely  approxima- 
tive. .  Assuming  that  the  usual  quantity  in  the  male  is  about  fifty  ounces,  it  may  be  stated 
in  general  terms,  that  the  range  of  normal  variation  is  between  thirty  and  sixty  and 
that,  when  the  quantity  varies  much  from  these  figures,  it  is  probably  due  to  some  patho- 
logical condition. 

According  to  the  researches  of  Becquerel,  the  quantity  of  water  discharged  by  the 
kidneys  m  the  twenty-four  hours  is  a  little  greater  in  the  female  than  in  the  male;  but 
in  the  female  the  specific  gravity  is  lower,  and  the  amount  of  solid  constituents  is  rela- 
tively and  absolutely  less. 

The  specific  gravity  ofthe  urine  should  always  be  estimated  in  comieotion  with  the 
IS  hoi  t  fif?  twenty-four  hours.    Those  who  assume  that  the  daily  quantity 

itZ^XZ'v  "  7^"^"'^  ^''^''^  «f       "^'^'^  --^^^  °f  the  twenty- 

It  onf'Ll       K      7  S'^'^'y    li-b'-^  to  tl^e  same  vari- 

at  ons  as  the  proportion  of  water,  and  the  density  is  increased  precisely  as  the  amount  of 

^d  iVi  r       ;         ''■'^r  ''''''  -  ^P-'fi'  g--*^  -  betweenll5 

as  lOofo;  as  hig'h  as'osr       '  ''^^  ^'^"^^  ^ 

The  reaction  of  the  urine  is  acid  in  the  carnivora  and  alkaline  in  the  herbivora  In 

lul^lT^' "  T'"^  ^''"^  "^^'^^^^  «f      ^^''^'^'Se  from  the  bladder- 

although  at  certain  periods  of  the  day  it  may  be  neutral  or  feebly  Skaline,  the  reaction 

n   Sl:r    "  ''"f  '''''  -idity  may  be  measured  bycrfuUy 

cxp  eld  W  °  ;  ^^'l       ^'Svee  of  acidity  is  usuaUy 

cxp.ess  d  by  calling  it  equivalent  to  so  many  grains  of  crystallized  oxalic  acid. 

nuant  tv  of't  1  f,''"^'^™^^^  observations  made  by  Vogel  and  under  his  direction,  the  total 
S  wo  to  °'       t-e-ty-four  hours  in  a  healthy  adult  male  is  equaUo 

aciS^   T>,!  ,  '''"'"^"S  to  f™'"  tl^rty  to  sixty  grains  of  oxaUo 

no  and  /btr;  V""      "  ^'^-••-tions  was  equal,  in  round  numbers,  to  Tom 

able     til  1  P'-opPrtion  of  acid  was  found  to  be  very  varK 

nighf  was  Sfl  ™ade,  the  average  hourly  quant  ty  of  alidTt 

a  s  r  elof  Ln™''."'  ''^^  '  t'™'"'^'  """i  ^»       '^ftornoon;  2-3  gmin?  "h 

Bones  Of  experiments  made  upon  four  different  persons,  the  quautit^  was'fZd  to  ll 
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1  1  4.  „„r,  tiiPRP  extremes  in  the  afternoon." 
greatest  at  night,  least  in  the  ^<^^^<T^^^X  TJZr^o  test  the  liuid  as  soon  as 
In  estimating  the  degree  ot  -^^'^f  J J^^f  ^^^te  •  for  its  acidity  rapidly  increases  aiter 

-1£rt:n  consider..  — n  a^  "  1:^^  "Tl^^^ 
chemists  with  regard  to  the  cause  o t  t he  c^d  --t  -  of  ^^^^ 
its  discharge  from  the  hladder,     '  ;  f  ^^Jjf^^^^    The  weight  of  chemical  authority  upon 
compose  the  carbonates  hke  l^^*  ac^^^^^^^^^^^         f,,e  acfd  in  the  urine  when  it  >s  hrst 
this  point  is  in  favor  of  the  jj'j^^  Jes  and,  perhaps,  some  other  of  the  organic 

pass  d,  although  the  lactic  acid,  ^'^^^^f^'^  .ls^l^  ^  decomposition;  hut  nearly  all 
acids  may  be  produced  soda.    The  phosphates  e.ist  n  the 

authors  agree  that  it  contams  the         P^^'Pj^^jitions.    The  basic  phosphate  of  soda,  to 
fluids  of  the  body  in  at  least  three  ^^^^^^^^^^  alkahne  reaction.    In  contact 

example,  possesses  three  atoms  of       ^''^^  l,ase,  forming  the  carbonate  of 

with  carbonic  acid,  this  salt  may  lose  ^^^^^'l^ttev,  however,  having  a  feebly  alka- 
soda  and  what  is  called  the  ^u  al  phosphate  may  lose  still  another 

line  reaction.    In  contact  with  ^^jf^l^f^j^f^eid  phosph^^^     and,  according  to  most 

reaction  to  the  urine  of  the  camivora. 

Composition  of  the  Tlrine. 

f     f  thp  urine  as  a  measure,  to  a  certain 
Regarding  the  excrementitious  constitueuts      ^      ^^^^       ,e  important  to  recog- 
extenTof  th!  general  process  of  X^^t.  time  than  to  learn 

nize  the  absolute  quantity  of  these  P^^^^^jJ^^  f  ^^king  out  a  table  of  the  composition  of 
simply  their  proportions  in  the  -^^^-'iT^^^^  Tso  ute  q-antity  of  its  different  constitu- 
the  urine,  we  shall  give,  as  far  as  ^o^^^^^^f^^,^,^  ,,1  be  more  elaborately 

ents  excreted  in  twenty-four  hours,   ^liis  lat^i  pom  ,  ^^crementitious  prmciples 

considered  in  connection  with  tl- c^^^^-f  .^^^^^  In  coBipil^^  this  table,  we  have 
and  their  variations  under  physiological  ''"^^^^J^,  experimental  researches  of  Prof. 
:^en  advantage  of  the  ^l^^-^^^.^^^,^^^^^^^  ^ve  have  ventured  to  make 

omitted  some  of  the  consUtuentspvcB  by  Kob  ,  ,,tion.  upon  the  relative  and  abso- 

uuderpatholcjicalcondihons  ^^^^v,  the  latest  and  most  ■'•^"f !  f^^^f  ^^  explanation.  For  example, 

Although  the  table  ^-^^''''"^^'Z^^^^^.,  „re  a  few  minor  points  tl>»t  ^  .enters  of  high 

lute  qnantities  of  the  urmary         ~         ,  Uttle  less  than  the  P™port.on  of  ^^^^  ;  ,e^anl  to  the 

ltobiL8timatesthcprop<.rt,on  of  h  ppura^^e^^^  toger  quantity ;  bu        "  ^^^V^^stimates  of  the  ox- 

uuthority  speak  of  the  WPP--'^^ ;™    aeftnite  and  satisfaetory  as  "'"se  "1  on  -  h-  ^  t  „f 
daily  exeretion  of  hippuric  ae>d  '■''^  proportion  of  creatine  as  ^■^'^'J^^^^  '^This  dilTer^-nce.  how- 

luon  of  urie  aeid  are  based.  •„  the  urine  a  larger  °' 's  n  av  be  regarded  as  » 

tlnine,  0-2  to  0-4  per  1,000 ;  and         ''"*™' f  excretion  is  eoneerned,  these  t«o  «">'^'_""  "^^^  „„r  endeavor 

lvl;snotimpor.ant,for,asfarasthop^^^^^^^^^ 

single  prineiple,  creatine  being         ^  ,^.,,„ced  the  figures  given  l>y         "'J^^^^^^^  ^umlly  exist.   This  is 

separately,  and  the  proportions  of  salts  arc  rcadil> 
ments. 
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Composition  of  the  Human  Urine. 

Water  (in  24  hours,  27  to  80  fluidouuees — Becquerel)   967-47  to  940-36 

Urea  (ia  24  hours,  355  to  463  grains — Eobin)   15-00  "  23-00 

Dric  acid,  accidental,  or  traces  

Urate  of  soda,  neutral  and  acid   |      (In  24  hours,  6  to  9 

Urate  of  ammonia,  neutral  and  acid  (in  small  quantity)  |  grs.  of  uric  acid — Bec- 

Urate  of  potassa   ^  querel — or  9  to  14  grs.       I'OO  "  1-60 

Urate  of  lime   of  urates,  estimated  as 

Urate  of  magnesia  J  neut.  urate  of  soda.) 

Hippurate  of  soda  ^     (In  24  hours,  about  7-5  grs.  of  hippuric 

Hippurate  of  potassa  f  acid— Thudichum— equivalent  to  about  8-7         I'OO  "  1-40 

Hippurate  of  lime  3  grs.  of  hippurate  of  soda.) 

Lactate  of  soda  ^ 

Lactate  of  potassa  (.    (Daily  quantit}' not  estimated)   1-50  "  2-60 

Lactate  of  lime  ) 

Creatine  j     (In  24  hours,  about  11-6  grains  of  both— 

Creatinine  )  Thudichum)   1-60  "  3-00 

Oxalate  of  lime  (daily  quantity  not  estimated)   traces  "  1-10 

^^'i*^"'^   not  estimated. 

Margarine,  oleine,  and  other  fatty  matters   010  to  0-20 

Chloride  of  sodium  (in  24  hours,  about  154  grams— Kobin)   8-00  "  8-00 

Chloride  of  potassium   +,.<,„„„ 

Hydrochlorate  of  ammonia   j.gQ  2-90 

(In  24  hours,  23  to  38  grams  of  sulphuric  acid 
— Thudichum.  About  equal  parts  of  sulphate 
of  soda  and  sulphate  of  potassa — Kobin — equiv- 
alent to  from  22-5  to  37-5  grains  of  each.) 

j-    (Daily  quantity  not  estimated)  


Sulphate  of  soda  

Sulphate  of  potassa  

Sulphate  of  lime  (traces). . 

Phosphate  of  soda,  neutral 
Phosphate  of  soda,  acid  


Phosphate  of  lime,  acid  ) 

Phosphate  of  lime,  basic  \    ^'^-^  hours,  4-7  to  5-7  grams— Neubauer). 

Aramonio-magnesian  phosphate  (daily  quantity  not  estimated)  

(Daily  excretion  of  phosphoric  acid,  about  56  grains — Thudichum.) 

Silicic  acid  

Urrosacine  ) 

Mucus  from  the  bladder  \   


Proportion  of  solid  constituents,  from  32  63  to  59-89  parts  per  1,000. 

Gases  of  the  Urine.    (Parts  per  1,000,  in  volume.) 


Oxygen,  in  solution. . 

Nitrogen,  in  solution  

Carbonic  acid,  in  solution 


3-00 

(i 

7-00 

2-50 

it 

4-30 

0-60 

(( 

1-00 

0-20 

u 

1-30 

1-50 

(t 

2-40 

0-03 

ti 

0-04 

0-10 

(I 

0-50 

1,000-00 

1,000-00 

0-90 

t( 

1-00 

7-00 

10-00 

45 

(( 

50-00 

Urea.— As  regards  quantity,  and  probably  as  a  measure  of  the  activity  of  the  general 
process  of  disassimilation,  urea  is  the  most  important  of  the  urinary  constituents;  and 
this  substaneo,  with  the  changes  which  it  undergoes  in  the  urine  and  the  mode  of  its 
production  in  the  system,  has  been  most  carefully  studied  by  physiologists.  Regarding 
lie  daily  excretion  of  urea  as  a  measure  of  nutritive  force  and  physiological  waste  its 
consideration  would  come  properly  under  the  bead  of  nutrition,  in  connection  with'  all 
oiher  siibstances  known  to  bo  the  results  of  disassimilation  ;  but  it  is  more  convenient 'to 
tat  01  Its  general  physiological  properties,  and  some  of  its  variations  in  common  witl, 
po  itiorortr^"-'""'  separated  by  the  kidneys,  in  connection  with  the  com- 
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lead  us  to  suppose  that  t  ns  subs tanco  .s  one  o  *  P^^^^^,.^.^^,^ the  lymph 
ized  principles  of  the  body.   It  is  iound  un  ^^^^  ^^^^^^  ^^^^ 

and  ihylo,  the  blood  the  swea.  and  th       J^^^^^  P,,,i,orous  and  herbivorous 

monstrated,  also,  in  the  substance  of  the  hea^^^^^^^^  it  exists  in  minute  quantity  m 

animals,  and  it  has  %Xr^2  lo7^1^^^^^^  has  been  already  intimated,  urea 

^^i::  :::;ncction  .ith  the  c-m^t.s  0^^^ 

one  of  the  few  org-ie  proxxmate j.^^^^  ^^J.^^^  ^^^.^^  ,,ip,ate 

laboratory  of  the  chemist.    As  eai  y  as        ,  ^^^^^  .^mbination  are 

of  ammonia  to  a  solution  of  ^^^^^  /jf^^^'^^      ,L  form  to  constitute  urea.  The 
sulphate  of  potassa,  with  cyanic  acul  ami  ^^^^^^^      ^  ^^^^^ 

cyanate  of  ammonia  is  ^^""^^^•'^  7^*^  Tknown  that  urea,  in  contact  with  certain 

arrangement  of  its  elements.  ^'^^^J^Z^Zte  of  ammonia.  This  transformation 
animal  substances,  is  ^ead.ly  convei tible  into  cai^^^^  ^^^^  ^^^^^^1^  ^^^^ 

is  theoretically  accomplished  by  adding  o  m^^^^^  the  tern- 

stated  by  Kolbe,  that  carbonate  «f  ^^^^^^^^^^^  converted  into  urea.  The  decom- 
perature  at  which  urea  ^^^^^^^^^^^^^^J^'^Hmmonia  may  be  easily  elfected  by  various 
position  of  urea  resulting  in  the  ^^^"^^^^'l^^^^^^^^  decomposition  of  urea  in  the  urme 
chemical  means.  As  this  occurs  ^  ^^^^^^'^^^^^^  of  blood-poisoning  following  re- 
aad  elsewhere,  it  has  been  suppos  d  hat  the  symp  ^.^^^^^^  ,  the 

tention  of  the  urinary  ^"^^f '  ^^^^e  o  a^nonia,  and  not  to  the  presence  of  the  urea 
decomposition  of  the  urea  m  o  ^^^bo^ate  .  observations  have  been  made  upon 

;rs;b;ec:  ^t  -^Z  ^Zl:S;Xitted  that  t.  w^ght  of  evidence  is  against 

tion  of  certain  constituents  of  ^  ""TrTmaj  be  readily  extracted  from  the 

does  not  present  much  I^y^^^  ^S^'l'^^^^Xe  modei^  works  upon  physio^^ 
'     urine,  by  processes  fully  described         ^^^^         the  new  methods  of  volumetric  anal- 
and  ik  proportion  may  now  be  easily  e^^^^f  ^^^^^^       so  easy,  however,  to  separate  it 

Cm  the  blood  or  the  substance  of  any  of  the 
slron  account  of  the  difficulty  in  gettmg 
;r„f 'the  other  organic  matters  and  the  great 
«  with  which  it  undergoes  decomposi- 

*'°\hen  perfectly  pure,  urea  crystallizes  ia 

=ra"^n--"m\^^^^^^^^^ 

Ui;  are  very  soluble  in  --^ter  -d  m^co 
h„t  they  are  entirely  msoluble  in  etber. 
?n  it  telSr  to  reagents,  urea  acts  as  a  b.e 
^^bining  readily^.--  a. d^^par-^^ 

    larly  nitric  and  o^ahc.     t  also  ^^.^^ 

^^^^^J^mm^  nations  with  certain  s^"«;^j;;^'\te.    It  exists 
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that  it  always  preexists  in  the  blood  and  is  not  formed  in  the  kidneys.  One  of  these  is.in 
the  disassimilation  of  the  nitrogenized  constituents  of  the  tissues,  and  the  other,  in  a  trans- 
formation in  the  blood  of  an  excess  of  the  nitrogenized  elements  of  food.    Urea  as  we 
have  already  seen,  exists  in  considerable  quantity  in  the  lymph  and  chyle,  and  it  is  found 
also,  in  small  proportion,  in  the  blood.    It  has  lately  been  detected  in  still  smaller  quan- 
tity in  the  muscular  tissue ;  but  chemists  have  thus  far  been  unable  to  extract  it  from  any 
other  of  the  solid  tissues,  under  normal  conditions,  except  the  substance  of  the  liver.  The 
fact  that  it  exists  in  considerable  quantity  in  the  liver  has  led  to  the  supposition  that  this 
is  the  organ  chiefly  concerned  in  its  production.  With  the  small  amount  of  positive  infor- 
mation that  we  have  upon  this  point,  the  view  that  the  liver  produces  urea,  while  the  kid- 
neys are  the  organs  chiefly  concerned  in  its  elimination,  must  be  regarded  as  purely  hy- 
pothetical. But,  if  it  be  true  that  urea  is  the  result  of  the  physiological  wear  of  the  nitro- 
genized elements  of  the  body,  the  liver  would  probably  produce  its  share,  in  the  ordinary 
process  of  disassimilation.    The  fact  that  urea  has  not  yet  been  detected  in  normal  mus- 
cular tissue  is  by  no  means  a  conclusive  argument  against  its  formation  in  this  situation 
We  have  lately  shown  that,  although  the  liver  is  constantly  producing  sugar,  none  can  be 
detected  in  its  substance,  for  the  reason  that  it  is  washed  out  as  fast  as  it  is  formed,  by 
the  current  of  blood.    In  the  case  of  the  muscles,  it  is  by  no  means  improbable  that'the 
lymph,  and  perhaps  the  blood,  wash  out  the  urea  constantly  and  keep  these  parts 
free  from  its  presence  during  normal  conditions.    In  some  late  experiments  by  Meissner 
in  which  the  observations  of  Prevost  and  Dumas  on  the  accumulation  of  urea  in  the 
blood  of  nephrotomized  animals  were  confirmed,  urea  was  found  in  dogs  and  rabbits,  after 
removal  of  the  kidneys,  not  only  in  the  liver  but  in  the  muscles  and  brain. 

Although  our  experimental  knowledge  does  not  warrant  the  unreserved  conclusion 
that  urea  is  produced  primai-ily  in  the  nitrogenized  parts  of  the  organism,  particularly 
the  muscular  tissue,  this  view  is  exceedingly  probable ;  and  we  must  wait  for  farther 
mformation  on  this  subject,  until  physiological  chemists  are  able  to  follow  out  more 
closely  the  exact  atomic  changes  that  intervene  between  the  functional  operation  of  or- 
ganized parts  and  the  change  of  their  substance  into  excrementitious  matters. 

^  When  we  come  to  consider  the  influence  of  food  upon  the  composition  of  the  urine,  it 
will  be  seen  that  an  excess  of  nitrogenized  matter  taken  into  the  alimentary  canal  causes 
a  proportionate  increase  in  the  quantity  of  urea  discharged.    This  fact  has  led  to  the 
supposition  that  a  part  of  the  urea  contained  in  the  urine  is  the  result  of  a  direct  trans- 
formation in  the  blood  of  the  nitrogenized  alimentary  principles.    This  view  must  bo 
regarded  as  purely  hypothetical.    We  do  not  even  know  the  nature  of  the  process  by 
which  the  nitrogenized  elements  of  the  tissues  are  transformed  into  excrementitious  mat- 
ter, and  we  are  still  more  ignorant  of  the  essential  characters  of  nutrition  proper  When 
more  nitrogenized  food  is  taken  than  is  absolutely  necessary,  it  is  evident  that  the  excess 
must  be  discharged  from  the  system.    This  is  never  discharged  in  the  form  in  which 
It  enters  like  an  excess  of  chloride  of  sodium  or  other  inorganic  matter,  but  it  is  well 
Jmown  that  a  series  of  complicated  changes  are  necessary,  even  before  organic  matters 
can  be  taken  into  the  blood  by  absorption.    There  is  no^evidence  of  the  direct  transfor- 
mation of  these  principles  into  urea  before  they  have  become  part  of  the  organized  struct- 
res,  except  m  a  comparison  of  the  proportions  of  nitrogen  ingested  and  discharged  ;  and 
MIS  proves  nothing  with  regard  to  the  nature  of  the  intermediate  processes.    At  the 
present  time,  the  most  rational  supposition  is,  that  the  nitrogenized  elements  of  food 
nourish  the  corresponding  constituents  of  the  body,  which  are  constantly  undergoing 
conversion  mto  excrementitious  matters.    Observations  which  have  appeared  to  demon- 
«rate  the  formation  of  urea  directly  from  albuminoid  substances  have  not  been  confirmed 
urG«  Jf)  T  ''^'i*'''"  ^••g"'°ents,  based  upon  comparisons  of  the  atomic  constitution  of 
nvll     H         elements  of  uric  acid,  creatine,  and  creatinine,  in  favor  of  the  view  that 

ve^^Xer^rf  M 'f  'rr  i  —nations  z^:! 

mentioned.    Ft  has  been  found,  also,  that  urea  may  be  formed  artificially  from  uric 
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That  certain  bodice  are  n^utal  y  coBveiUW^^^^^^^^^  transformations  are,  the 

of  Abater,  there  can  be  no  f  ,l,,^ge  of  creatine  into  creatinine,  etc., 

change  of  .tarch,  d.xtrine,  ^t-' °  i,to  m-ea  of  the  principle,  from 

but  the  atomic  changes  necessary  are  much  uiore  comphcated. 

.hich  this  substance  ^f^j;:^^^^^^^^^^^^ 

There  is  no  positive  proot  that  ^^^^  P;°P°;\  proportion  of  urea.  Again,  the  argument 
blood,  and  urine,  bears  an  inverse  i^tio  P™P\^.^  ^^-^  because  the  activity  of  oxi- 

that  the  excrements  ot"  ^^l^'^'^^^^^Z  by  th  ct  that,  in  birds,  in  which  the  amount 
dationislessthanin  hemamma  ais^m^^^^^^^^  enormous;  and  urea  is  not 

trXCdTnlhi  C^uf  only  in  the  excrements  of  the  rapacious 

birds,  and  here  only  in  small  ^l^'^J;^^^;      .^^     ^re,  as  the  final  result  of  oxidation  of  cer- 
There  are  no  sufficient  i-easons  foi  ^^S^>  ^^^^  substances  in  an  intermediate 

tain  of  the  tissues  of  the  body,  -^^^  ^  "adm  t\h^  this  principle  is  formed  dur  ng 
stageoftransformation;  and  we  ar  foi^  nitrogenized  elements  of  the 

trr:  Lrtitirrr^r^irelct^ature  of  wMch  we  are  as  yet  nnper- 

Of  urea  ^^^^  ssz^;^^  i:pfi 

the  table  as  ranging  between  355  and  463  giains^  ^^^^  ^^^^^.^^^^  ^ed 

frequently  given  •,  but,  when  ^^^^.^^^^^^f  J^^^^^^^^^^  or  the  weight  of  the  body 

upon  an  unusual  amount  of  exercise         °  of  twenty-five  diiferent  series  of 

Z  been  above  the  average  ^^-^-^^-f,^^^^  grains,  and  the  highest,  088-4 
observations  upon  this  point,    ihe  lowest 


grains. 

Uric  Acid  and  its 


.  and  Us  Cornpounds.--Un.  acid  -^^^^  ^^^^rt^'f  to  fiL  thousand 

nor^  l  ui-in;.    It  is  exceedingly  7;l>^^^'^^2reTtl  X^^^^^^^  P-^^  T^'^' 

times  its  volume  of  cold  water,  and  fro-JS^^e^-  ,,ine  in  sufficient 

water  for  its  solution.    It  was  at  one  time   upp^  ^^^^^^^^^^         .,3  „tion 

quantity  to  give  it  its  acid  reaction  -  but  lUias  ^^^.^^^  ^^^^^  ^e  regarded  a  a 

loes  not  redden  litmus.    Its  presence  in  the  ^^^^  ^,i,ere  it  is  interestmg 

pathological  condition  -,  stUl,  f /^^^^  ^^J^^^^rvstir  Frejuent^  in  tables  of  the  corn- 
Jo  study  the  peculiar  and  varied  forms  of  l^^^^^^'^  .  this  is  simply  a  matter  of 
position  of  the  urine,  the  proportion  «f  '^'^^.J^^.-^^^^'the  estimates  of  the  proportions 
rven^ence,  and  it  has  precisely  Uie  —f^^^:;^  L3titute,  of  themselves,  prox- 
of  sulphuric  or  of  phosphoric  ac  d  IS  one  oi  ^ases. 
LateVnnciples  of  the  urine  but  th^y  are  a^w^^^  ^^^^^^.^^  P°^--'.  ^^^^t' J  £ 
In  normal  urine,  uric  acid  is  combmea  wi  ,  a,umoma  are  by  fai  tlie 
„     Of  these  combinations,  the  urate  of  soda  and      J" u,ates  of  potassa, 

man  authorities,    ii  is  '  .  proportion  m  tlie  oiouu  ,i„tprmined. 

pass  ready-formed  into  the  urme;  ^^  J.^'j^Pja  has  not  been  definitely  detei mined, 
normal  conditions,  that  their  presence  in  tins 
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except  in  birds,  in  which  Meissner  has  lately  found  it  in  considerable  quantity.  The  fact 
that  the  urates  exist  in  the  liver,  and  in  no  other  part— except,  perhaps,  the  spleen— has 
led  Meissner  to  the  opinion  that  this  organ  is  the  principal  seat  of  the  formation  of  uric 
acid.  However  this  may  be— and  the  facts  do  not  seem  sufficiently  definite  to  lead  to 
such  an  exclusive  opinion— it  is  certainly  not  formed  in  the  kidneys,  but  is  simply  sepa- 


Pic.  U!^  —C>'j,'sta/s  oj  uric  acid  obtained  paHhi 
Ity  the  sohiUon  and  siibse(iuent  precimtatiok 
qt  chemically  pure  acid,  and  nartlv  hv  de- 


I'iG.  m.— Urate  Of  soda.  (Funke.) 


presTn^s^e  oW^ntTT'  ^^^^^^^  the 

Tamonf  ti?        knowledge,  we  must  regard  the  urates,  particularly  the  urate  of  soda 

d  wel  dd'dn  it  °'       ^iro,on,^.^  constituents  of  the  body  i 

.e^^o^r^ 

-^:^!:^Zt:^:^lS^r'  "  --'^^  ^calvana. 

•ireS^Cn  ^  f  Lactates.-TV^  compounds  of  hippuric  acid  which 

l  of  i  '"""r'*^^^^^^^^  k^^-"^  t°  be  constant  ti^^Bti  u 

it  il  J  '7''  ^^PP""''  ^'^''^  t°  be  found  in  the  urine  of  chSd r  n 

teld  n  ,  7,  temporarily  in  the  adult.   'The  hippurates  have  be  n  de' 

e  b  o^V  Th  7  °'      °J  '^^'^  they  ha've  since  bein  foundt 

iedlromt^^^^^^^  .^'^''J^f  •    ^bere  can  be  scarcely  any  doubt  that  they  pass,  ready- 

iHppurates  we7^^^^        ^      "  ^''^  *°  ''''  '"°'1<^  °f  origin  of  the 

^titZt  XZl         7  7  '"formation  than  upon  the  origin  of  the  other  urinary  con 
acid  I  n7    ^  considered.    Experiments  have  shown  that  the  proportion  of  hinnml 
S  n      r™7;n77^  taking  vegetable  food;  but  it  i  fla  1^ 
^i-ply  to  cL'       7  ''''  "^"7  ^'^^^'^S-         --t  be  content  at  pr  on! 

•specify  their  exao  7,'       ?  the  products  of  disassimilation,  without  attem,  ting  to 

about  7-?7ainr'  7f^'      °"f"-    ^'"^  '^"'Ij^  ^^'^''^^tion  of  hippuric  acid  amounL  o 

Hippurl  l  id  Its'    '  IT  °f  -da.  *° 

aud  Itself,  unhke  unc  aod,  >s  quite  soluble  in  water  and  in  a  mixture  of 
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.    V  T^ni-t^  of  oold  water  for  its  solution,  and  a 

hydvocblonc  acid.  It  ^^f^^::^'^^  ]:^  conditions,  it  is  son.etin,es 
nmcli  smaller  proportion  ot  warm  watei .    u  i 

fuund  free  iu  solution  in  the  uvme  considerable  proportion  in  the 

The  lactates  of  soda,  potassa,  a,nd  hme  eM^^^  i^^^ediately  from  the  blood,  passmg 
normal  urine.     They  are  ^^"'^^"^f  f^^^/™^  simple  watery  solution.  Accordmgto 


Fig.  iW.-Crystals  ofldppvHcaoid.  (Funke.) 


•r,       form  of  sarcolactates.  ,       ■     Robin  is  of  the  opmion 

.he  tao».«  have         J^,,  r  f.  ""^^^ 

have  since  found  b..tl,  erontinc  nml  ore«onn,e 
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rnT„a!r/;S^^  ">ooO,  to  be 

_     Creatine  has  a  bitter  taste,  is  quite  soluble  in  cold  water  (one  part  in  seventv  fiv«^  i 

nitric,  bydrochjoric,  and  sulphuric    Whrbo^e  1  Vn     1  ™f  ^ 


Uzedfrom  a  hot,  xoatery  solution.  (FuS) 

^^^^^^  -^-r^^J 

--v=in~ 

-l-ere  between  the  Js^es  and  the'klw^^^^^  °  "  °^ 

preponderance  over  creatinine       .        ^  '        •''  '°  ^^''^  '''''^^^'^^  ^^^s  by  far  the 

In  the  present  stntTlf      '  ,       .  ''^''^'''^^^  over  creatine." 

^'laB^ed  among  ttrlx—Li  n.      ''.^^.^r^^^^'^^'  ^'^^^Pt  that  they  are  probably  o  be 


EXCiiEl'lON. 

^^•^  ■    fi  a  l.Pfirt  and  in  the  muscles  of 

atine  has  lately  hoen  'i-J^  ^^^^^^^^^        of  the  nervous  Babstauce. 
about  11-5  grams.   Ot  this 

of  creatinine.  ^^^^^^^^  urine, 

.  r  •        This  salt  is  not  constantly  present  in  pathological  condi- 

Oxalate  ^/^^'^''-'T^^iyderable  quantity  without  ^^^^'^"t^'^f  are  commonly 

although  it  may  <^-^V;i:  and'the  appearance  of  its  to  Eo^in,  a 

tion.  It  iH  e-eedingly  aBdub^  ^^^^  ^^^.^^  .^''""fre  Skate  phos' hates  in  the 
in  the  form  of  small,  ,  chlorides  and  the  ^l^f     '      '     ^as  been 

Sace  maybe  -Gained  m  so  utum  by  tl    ^^^^  ^^^^^^  o.duary  rhubarb, 

urine.    This  salt  ^^^^/^f  ^f^.^'tain  medicinal  Bubstances.    The  o  dm 
taken  with  vegetable  food  o  ^ua.  ce        ^^^^^^     ^.^^^  ^^Ttitv  of  oxalate  of  lime 


[;?A6  «Hn«,  "/o^"'"''  .  oxalic  acid  may 

.asmuchas  P-olo^.  .acts  h^ 
appear  in  the  system  tjnato  from  a  change  m  ce  am  otl  ^^^^ 

eadeavored  to  ^^ow       i  may  on^  ^^^^  ot  U,o  b  dy     .^^^  i.owevor  to 

principles  from  which  it  can  bo  1  ^^^.^^^^^^     "'"'^v  i;ier  and  Frerichs  injected 

Lnces  from  which  o'^f-  ^f/.^tL  living  organism.  Woehlei 
show  that  this  can  take  place  m 
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into  the  jugular  vein  of  a  dog  a  solution  containing  about  twenty-three  grains  of  urate  of 
iuumonia.  Id  the  urine,  taken  a  short  time  after,  there  was  no  deposit  of  uric  acid  but 
there  appeared  numerous  crystals  of  oxalate  of  lime.  The  same  result  followed  in  the 
human  subject,  on  the  administration  of  sixty-seven  grains  of  urate  of  ammonia  by  the 
mouth.  These  questions  have  more  of  a  pathological  than  a  physiological  interest-  for 
the  quantity  of  oxalate  of  Ume  in  the  normal  urine  is  insignilicant,  and  this  salt  does  not 
seem  to  be  connected  with  any  of  the  weU-known  processes  of  disassunilation. 

Xanthine,  HypoxantUne,  Leucine,  Tyrosine,  and  Taurine.— Traoes  of  xanthine  have 
been  found  m  the  normal  human  urine,  but  its  proportion  has  not  been  estimated  and 
we  are  as  yet  but  imperfectly  acquainted  with  its  physiological  relations.    Under  patho 


Fio.  m.—Cri/ntalnofti/rosiiie.  ^Funke.) 


Fig.  \-21.—Crysials  of  taurine.  (Funke.) 


logical  conditions,  it  occasionaUy  exists  in  sufficient  quantity  to  form  urinary  calculi  It 
"ubi:TnwaT    T^'-'  ^P^-"' *hyB.us,  panels,  mLcles,  and  bra^  It  is  J 

soluble  m  water  but  >s  soluble  in  both  acid  and  alkaline  fluids.  Hypoxanthine  has  nev^r 
been  found  m  normal  urine,  although  it  exists  in  the  muscles,  liver  spleen  and  tWns 

^^z^t^r^'^-f''^'  f-^^'  ^^/su^rafcipr^ 

it  ;?Lf        .         ,         """'""^^  T^'^  ^•'^"'^  remarks  apply  to  tyrosine  falthoush 

oLver"c:ftr7  M''^'"'"11/^  *°  ^^^^^^    TheC  t  vo' 

relS  \l  at  we  dnt  ^^""^  P^'"""'  ^^^^^'^^^^-^  -nd  pathological 

^lUHons  tnat  we  do  not  at  present  understand 

8traterr?."°"'  '"^^"^.^^  ^^'^  mentioned,  although  some  of  them  have  not  been  demon- 
S leld   oT"  —         there  is  evidently  much  to  be  learned 

CposSn  oftI  they  are  represented  by  the 

boT  sub  ,  °^  "'^^  °°t  be  actual  proximate  principles 

h    e  tus  f  ir    1- r''''''  tl>-'-  -traction,  some,  which 

health  all  '^''^^""^'^^  only  under  pathological  conditions,  may  yet  be  fmmd  in 

wealth,  and  tiiey  represent,  perhaps,  important  physiological  acts. 

^.naSty'1;"rp7o'^^^^^^^^^^^  'tLT'  'f'  '°        ^"^'^l  -  <=-ta- 

Inorganic  Constituents  of  the  Urine 


EXCRETION. 

r  .,11  tin.  nrincinlcs  of  this  class  contained  m 
,,-,h  the  exact  proportion  and  conda.on^  ^i  L  nd  that  the  inorganic  constituents  of 
the  urine.  In  all  the  l'--^'^''^^^^^;^;  ^"^^^^^^  Itters  in  their  various  transformations, 
the  Wood  and  tissues  —P""^;'^'  ^1^7^^  the  condition  of  union  of  the  inorganic 
although  they  are  themselves  unch  n  o  L  In  i  t  ^^^^^^^^^^^^^ 
with  the  organic  principles  is  so  ntinia  e,  hat  t    y  ^  ^^^^^.^  ^^^^.^^ 

out  incineration.    In  view  of       ^^'^f ;.  *  ^  '  of  vvhich,  in  combination  with 

uorganic  salts  of  the  urine  -  f^^^f^^^",^,^';;.  As  the  kidneys  frequently  elimi- 
organic  matters,  they  have  t''™  ^^^^^^^^^  ,  ,y,tem  and  arc  capable  sometimes  of 

nate  from  the  blood  foreign  matters  t'^';™  '^^^  introduced  into  the  cir- 

^r'''^::::z^^^  ^^^^  ^"^"""'^ 

.  .he  uHuc  are  generally  the 
From  the  fact  that  the  morgamo  matteis  mso     b  ^^Hion  with  the  con- 

3ame  as  chose  introduced  Vr^^<^  -\  ^1-^ 

stitution  of  the  food,  ,t  is  dithcult  ^^^^^^^^^^^^  One  thing,  however,  is  certain :  ti  at 
urine  represent  the  processes  of  ^         tissues,  and  the  urine,  are  never  with- 

l  organic  constituents  of  the  food,  ^^^^'^^  .f ^  "^^.^  than  probable  that  the  pres- 
ent inorganic  matter  in  ^^^iTf  lZ  t  ol^oZn  influences  the  processes  of  absorption 

nary  constituent.  composition 
Rv  reference  to  the  table  ot  tue  tomv 
f  the  urine  it  is  seen  that  the  proportion  of 

with  the  food;  and,  -^^'^^'^'^^J^^^i^'rthe  fact. 

ing  to  Fvobin,  by  suppressmg  salt  m  the 


T'^^^^rystal^  ofcMoHde  of  sodium . 
(Funke.) 
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thirty  to  forty-five  grains,  the  normal  quantity  being  from  one  hundred  and  fifty  to  one 
hundred  and  sixty  grains.  This  quantity  is  less  than  the  amount  contained  in  the 
ingesta,  and  imder  these  circumstances  there  is  a  gradual  diminution  in  tlie  nutritive 
activity.  "  Tliis  fact  demonstrates  the  necessity  of  adding  chloride  of  sodium  to  the 
food."  It  is  an  interesting  pathological  fact  that,  in  all  acnte  febrile  disorders,  the  pro- 
portion of  chlorine  in  the  urine  rapidly  diminishes  and  is  frequently  reduced  to  one  hun- 
dredth of  tlie  normal  amount.  The  quantity  rapidly  increases  to  the  normal  standard 
during  convalescence.  Most  of  the  chlorides  of  the  xirine  are  in  simple  watery  solution ; 
but  a  certain  proportion  of  the  chloride  of  sodium  exists  in  combination  with  urea. 

The  daily  ehmination  of  chloride  of  sodium  is  about  one  hundred  and  fifty-four  grains 
(Eobin).  The  great  variations  in  its  proportion  in  the  urine,  under  diflerent  conditions 
of  alimentation,  etc.,  will  explain  the  difierences  in  the  estimates  given  by  various 
authorities. 


Sulp7iates.— There  is  very  little  to  be  said  regarding  the  sulphates,  beyond  the  general 
statements  we  have  made  concerning  the  inorganic  principles  of  the  urine.  The  propor- 
tion of  these  salts  in  the  urine  is  very  much  greater  than  in  the  blood,  in  which  there 
exists  only  about  0-28  of  a  part  per  thousand.  Inasmuch  as  the  proportion  in  the  urine  is 
from  three  to  seven  parts  per  thousand,  it  seems  probable  that  the  kidneys  eliminate 
these  principles  as  fast  as  they  find  their  way  into  the  circulating  fluid,  either  from  the 
food  or  from  the  tissues.  Like  other  principles  derived  in  great  pM-t  from  the  food,  the 
normal  variations  in  the  proportion  of  sulphates  in  the  urine  are  very  great.  It  is  unne- 
cessary to  consider  in  detail  the  variations  m  the  amount  of  sulphates  discharged  in  the 
urme,  depending  upon  the  ingestion  of  different  salts  or  upon  diet,  for  all  the  recorded 
observations  have  been  followed  by  the  same  results,  and  they  show  that  the  ingestion  of 
sulphates  in  quantity  is  followed  by  a  corresponding  increase  in  the  proportion  eliminated. 

Thudichum  estimates  the  daDy  excretion  of  sulphuric  acid  at  from  23  to  38  grains. 
Assuming,  with  Robin,  that  the  sulphates  consisb  of  about  equal  parts  of  sulphate  of 
potassa  and  sulphate  of  soda,  with  traces  of  sulphate  of  lime,  the  quantity  of  salts  would  be 
from  22-5  to  37-5  grains  of  sulphate  of  potassa  and  an  equal  quantity  of  sulphate  of  soda. 

Phosphates.— The  urine  contains  phosphates  in  a  variety  of  forms;  but,  inasnmch  as 
it  IS  not  known  that  any  one  of  the  different  combinations  possesses  peculiar  relations  to 
tlie  process  of  disassimilation,  as  distinguished  from  the  other  phosphates,  the  phosphatic 
salts  may  be  considered  together. 

Tlie  remarks  which  we  have  just  made  with  regard  to  the  chlorides  and  the  sulphates 
are  applicable,  to  a  certain  extent,  to  the  phosphates.  These  salts  exist  constantly  in  the 
urine,  and  they  are  derived  in  part  from  the  food  and  in  part  from  the  tissues.  Like  other 
morganic  matters,  they  are  united  with  the  nitrogenized  elements  of  the  organism,  and, 
when  these  are  clianged  into  excrementitious  principles  and  are  separated  from  the  blood 
by  the  kidneys,  they  pass  with  them  and  are  discharged  from  the  organism. 

It  becomes  a  question  of  importance,  now,  to  con^der  how  far  the  phosphates  are 
♦lerived  from  the  tissues,  and  what  proportion  comes  directly  from  the  food.  This  point 
IS  peculiariy  interesting,  from  the  fact  that  phosphorus  has  been  shown  to  exist  in  the 
nerve-tissue,  and  it  has  been  inferred  that  the  excretion  of  phosphates  represents  to  some 
extent,  the  physiological  wear  of  the  nervous  system. 

All  observers  agree  that  the  quantity  of  phosphates  in  the  urine  is  in  direct  relation 
to  tno  proportion  in  the  food,  and  that  an  excess  of  phosphates  taken  into  the  stomach  is 
nnmediately  thrown  off  by  the  kidneys.    It  is  a  familiar  fact,  indeed,  that  the  phosjd  at 
are  deficient  and  the  carbonates  predominate  in  the  urine  of  the  herbivora  whi  e  the 
yeverso  obtains  in  the  carnivora,  and  that  variations,  in  this  respect,  in  the  urine  m  Jhl 

uttS '^"■""f^  ^^-'"^  ^-^^'^  Vordeil  liriTlen 

nterestmg  comparative  analyses  of  the  blood  for  the  alkaline  phosphates  in  the  herbivora. 
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^  TTa  fr^nnA  the  Dropovtion  very  small  in  the  ox,  as  compared 
the  carnivora,  and  m  man.  He  found  the  1»  oP"' J  "  ,^  proportion  of  phosphates  in 
with  the  dog,  and  intermediate  .n  *  ^^.^^J^^/  S^  Deprivation  of  food 

the  blood  of  the  dog  was  f ''f  tly/""^^'^^      ZLl  Zt  a  cerLn  proportion  is  discharged, 

and  phosphates.  phosphorus  exists  (in  precisely  what  condition  it  is 

In  connection  with  the  t'^^*  P  J  ,  ^^^^ed  that  mental  exertion  is  always 
not  known)  in  the  nervous     ^^to  \  j'^^^^^^^^        and  this  has  been  advanced  to 

attended  with  - ---- ^  ^^l^trr^cUw^^^^^  of  the  brain- 

support  the  view  that  these  ^f^.^'^^^'^^^Z^^  phosphates  that  are  increased  in 
substance.    Experiments  show  that  it  is  sulphates,  and  inorganic  matters 

quantity  under  these  conditions  but  urea,  tt^^^^  ^^^^^^^  p,,. 

generally;  and,  in  point  of  fact,  any  Phy^'^'oSi,  as  well  the  dimination  of 

portion  of  nitrogenized  ^--^-^-^-'^'^^^^^^^^^^  phosphates  is 

Inorganic  matters,    ^^cannot  be  a«d    he^^^^^^^  ^^^^..^  ^.^^  ^^^^^^^^^ 

specially  connected  with  the  activity  ^'^^  ^  j  ^^^^  ^^je  upon  the  excretion 
upon  this  point,  for,  although  numerous  oj-^^^^'f^"™^^  thousand  different  analyses 
o?  phosphoric  acid  in  disease-Vogel  having  made  about  on  ^^^^^  _^  ^^^^ 

in  various  affections-no  definite  -^^f  J^-'^^^;;^^;"  the  elimination  of  the  phos- 
that  there  is  no  physiological  reason  why        ~  especially  as  these  salts 

Dhates  with  the  disassimilation  of  any  particular  tissue     orga  ,  i 
'  I  some  form  are  universally  distributed    ^ll^^^'^'^^tior..  in  the  discharge  of  phos- 
Observations  have  been  made  upon  the  ^^jll  J'^^^^  to  bear  any  absolute 

phoric  acid  at  different  periods  of  the  day  ,  but  tHese  ao        i  p  digestion. 
Nation  to  known  physiological        ^tio-  no  ev      o  the  F^^^^^^^^^    J  ^^^^^  ^  ^^.^^ 
Of  the  difi-erent  P^^osphatic  salts  of  the  u  in    the  m^^^^  /the  neutral  and  acid  phos- 
the  acid  is  combined  with  soda.  .^^/^  Xlt  ^lTs  supposed  to  be  t 
phates.    The  acid  salt  has  one  equivalent  of  the  base  and       PP  ^^^^^^^ 

Ihe  acidity  of  the  urine  at  tl^^-7f/,;  \:^  ^T.e  proportion  of  the  p^ 
slightly  alkaline  and  has  two  ^^^'^^I'f'l'^l^^^^^^  salts,  but  the  daily 

of  soda  in  the  urine  is  larger  than  tha  of  -J^J  ^^^^^^^^  of  magnesia  is  a  constant  con- 
amount  excreted  has  not  been  estimated  .  „  h,te  of  lime.  The  daily 
stituent  of  the  urine,  as  well  as  the  ^^'^^^^'^^  ^^^^^ 

excretion  of  phosphate  of  magnesia  amounts  o  f  om  7  T  to  U    g  ^^.^^^ 
phates  of  lime,  from  4-7  to  5-7  grams    Accoid^n    to  Ko     ,  ^^^^^^^ 

fifty-six  grains.  inorsanic  prmciples  above  described,  a  small 

The  -ine  contains  l^'^^'^^^^^^^^^^  no  physiological  importance, 

quantity  of  sdicic  acid ;  but,  as  lar  a« 


Coloring  Matter  and  Ifucus. 


(jolorincj  juuobiii    .   .  , 

The  peculiar  color  of  the  uri^  is  the  pre^ce^f 

Known  to  physiological  chemists  -  -  ^^^e  uXmatine,  uroxanthine,  and  purpu- 
table  as  urrosacine.    It  is  also  ^^^^l^^^"' ?^  composition,  and  all  that  is  known 

rine.    We  have  no  accurate  accoun  "     hydrogen,  and  nitrogen,  and 

about  its  constituents  is  that  it  iJnot  absolut^^^ 

probably  iron.  Although  its  exact  f  ""^^^/^XsroTthe  coloring  matter  of  the  blood, 
fitituents  are  supposed  to  be  nearly  the  same  as  those 
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the  proportion  of  oxygen  being  very  much  greater.  These  facts  point  to  the  probability 
of  the  formation  of  urrosacine  from  hmmaglobine. 

The  quantity  of  coloring  matter  in  the  normal  urine  is  very  small.    It  is  subject  to 
considerable  variation  in  disease,  and  almost  always  it  is  fixed  by  deposits  and  calculi  of 
uric  acid  or  the  urates,  giving  them  tlieir  peculiar  color.    This  principle  first  makes  its 
appearance  in  the  urme  and  is  probably  formed  in  the  kidneys.    So  little  is  known  of  its 
physiological  or  pathological  relations  to  the  organism,  that  it  does  not  seem  necessary  to 
follow  out  aU  of  the  chemical  details  of  its  behavior  in  the  presence  of  different  reagents 
The  normal  urine  always  contains  a  small  quantity  of  mucus,  with  more  or  less  epi- 
thelium from  the  urmary  passages,  and  a  few  leucocytes.    These  form  a  laint  cloud  in 
the  lower  strata  of  healthy  urine  after  a  few  hours'  repose.    The  properties  of  the  diifer-' 
ent  kmds  of  mucus  have  already  been  considered.    An  important  peculiarity,  however 
of  tbe  mucus  contained  in  normal  urine  is  that  it  does  not  seem  to  excite  decomposition 
ot  the  urea,  and  that  the  urine  may  remain  for  a  long  time  in  the  bladder  without  under- 
gomg  any  putrefactive  change. 

Gases  of  the  Urine. 

In  the  pro&ss  of  separation  of  the  urine  from  the  blood  by  the  kidneys,  a  certain 
proportion  ot  the  gases  in  solution  in  the  circulating  fluid  is  also  removed.    For  a  long 
time  indeed,  it  has  been  known  that  the  normal  human  urine  contained  different  gases 
biit  ktely  some  very  interesting  observations  on  this  subject  have  been  made  by  m' 

V  P'T'f"'  ^'^^^  accurately  estii 

mated.    By  usmg  the  method  employed  by  Magnus  in  estimating  the  gases  of  the  blood 
Monn  was  able  to  extract  about  two  and  a  half  volumes  of  gas  from  a  hundred  parts  of' 
line.  _  By  careful  experiments,  he  ascertained  that  a  certain  quantity  of  gas  remained  in 

n  IZTtlrfr'      '^'T'"  "'''"^^^  P^^''^-    This' amounted  to  about 

one-fifth  of  the  whole  volume  of  gas.    Adding  this  to  the  quantity  of  gas  extracted  he 

the  Uble,^.  ''''        °'  ^"^^^  cenJimetre's,  which  are  in 

Oxygen  

Nitrogen  

Carbonic  acid..    ^'^^^ 

  :9-620 

flnn^glhe^Sr''"''  °^ observations  upon  the  urine  secreted 

For'^etlTnij'"  1,  T  ^«  *°  -^-t^'^  -^^^-^^ons. 

the  nron?  '    T  ^  considerable  quantity  of  water  or  any  other  liquid, 

bonif!   1     "  7''  considerably  increased  (from  0-824  to  1-024),  and  the  car- 

bon c  acid  was  diminished  more  than  one-half.  The  most  interesting  variations,  how- 
ever, were  in  connection  with  muscular  exercise.    After  walking  a  long  distance  the 

To  lTlolTnT  '''f -'^T  ''''  acid  was  found 

verrsltbH    1       ?T\''''''^  """^         repose. '  The  proportion  of  oxygen  was 

tSel  l ^™'°'«hed,  and  the  nitrogen  was  somewhat  increased.    The  variaLns  of 
-u  "owever,  were  insignificant. 

respTraii!!..'??'".'  "j'  '"""''"'^  proportion  of  carbonic  acid,  by  the  greater 

^ZZZeT:  i  known,  indeed,  that  muscular  exerci  e 

V  tl  e   r  Pr^PO'-t'on  of  carbonic  acid  in  the  blood  and  the  quantity  eliminated 

bC,wi"X'um  e^nlt  tbTfr'''-  "''°'i^'^  "'•'^'^  isundoubtedl'y  derived  from, 
secrctC  ^  '  .conditions  would  increase  its  proportion  in  this 

from  tL"lr^i''V.^*  ^^'-y  ^"^P^'-f^^t  as  eliminators  of  carbonic  acid 

Bolntiot  of  Co 'o  •  t  'r"'""  T  ''''  P'-^""^^      '''''  assists  ntle 

some  of  the  sahne  constituents  of  this  fluid,  notably  the  phosphates. 
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Variations  in  the  Composition  of  the  Urine. 
e  ^'bodilyand  -ntal  with  .^^^^^^ 

cutaneous  exhalation,  and,  -ff  f '  ;;\;;;„',^tamB  such  a  variety  of  princples,  as  a  con- 
tein    There  is  no  fluid  m  the  body  ^^'^l^^^^  principles  is  so  variable.    It  is  lor 

Tnt  condition,  but  In  -^X^::^\£Z^.J.  of  the  urine  the  ordin^y 
this  reason  that  we  have  given  m       taDic  o  i  necessary,  m  treat- 

•  tiit  of  variation  of  its  different  constituents^^^  ''^^  I^ITL.  of  the  variations  in  their 
of  the  individual  excrementitious  J  ^f  ,e  physiological  variations  of  the 

proportion  in  the  urine.    In  fe*^*     "^^^  rcondHions  that  produce  wide  and  importan 

repair  of  the  parts. 

.he  »°me  at  .liff«e.t  l.e-ioS.  of  «.         »  '^Vaerois.,  .nd  to  part  upo.  d.toeECe. 

.    is  about  double  that  in  proportionate  amount  «f  pT^portion 

times  the  quantity  m  the  ff-^^'^^J,,,^  by  the  kidneys  m  cWf'?^'^;  ^  ^^i;  tl>an 
,30  greater.  The  -ount^o^-^^^  ^„,,  greater  than  in  ^^^^^^^ 
to  the  weight  ot  tiie  oouj^,  ^jp-bteen,  the  urinai)  escieuoi  ^.^^^^ 

double.  From  eight  ^^^^^.^  Vt  ^  been  observed  that  crystals  -^^^ ^^f^^^,^  of 
reduced  to  the  adult  standa.d        ha  ^^^^^^^  ^^^^^        fourteen  j 

are  much  more  frequent  in  the  uime 

age  than  in  the  adult.  „,,,r,ations  on  record  upon       conM^  sit-n  o U  o  ^ 

--ii:^r^' ;  ■  VI  urinary  ^^^^^^^^^^^^ 
Tlie  absolute  quantity  ol  the  unnaiy 
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same  is  true  of  the  proportionate  amount  of  these  principles  to  the  weight  of  tlio  body  ; 
still,  tlie  differences  in  tlic  proportionate  excretion  are  not  very  marked,  and  the  amount 
of  all  these  principles  being  subject  to  modifications  from  the  same  causes  as  in  men,  the 
smdl  deficiency,  in  the  few  direct  observations  upon  recoi-d,  may  bo  in  part,  if  not 
entirely,  explained  by  the  fact  that  women  usually  perform  less  mental  and  physical  work 
than  men,  and  that  their  digestive  system  is  generally  not  so  active. 

Variations  at  Different  Seasons  and  at  Differerit  Periods  of  the  Day.— The  changes 
in  the  quantity  and  composition  of  the  urine  which  may  bo  directly  referred  to  the  con- 
ditions of  digestion,  temperature,  sleep,  exercise,  etc.,  have  long  been  recognized  by 
physiologists;  but  it  is  difficult,  if  not  impossible,  so  to  separate  these  influences  that 
the  true  modifymg  value  of  each  can  be  fully  appreciated.  For  example,  there  is  nothing 
which  produces  such  marked  variations  in  the  composition  of  the  urine  as  the  digestion 
of  tood.  So  marked,  indeed,  is  its  influence,  that  some  writers  of  authority  incline  to 
the  belief  that  the  greatest  part  of  what  have  been  regai-ded  as  the  most  important 
excrementitious  matters  is  derived  from  the  food  and  not  from  physiological  disintegration 
of  the  tissues.  Under  strictly  physiological  conditions,  the  modifying  influence  of  diges- 
tion must  always  complicate  observations  upon  the  eflects  of  exercise,  sleep  season 
period  ot  the  day,  etc. ;  and  the  urine  is  continually  varying  in  health,  with  the  physio- 
logical modifications  in  the  other  processes  and  conditions  of  life.  It  will  be  sufficient 
for  our  purpose  to  note  the  most  important  of  these  variations  and  to  endeavor  to  appre- 
ciate the  conditions  which  combine  to  produce  them,  assigning  to  each  one  its  proper 
value.  '- 

At  different  seasons  of  the  year  and  in  different  climates,  the  urine  presents  certain 
variations  in  its  quantity  and  composition.  It  seems  necessary;  that  a  tolerablv  definite 
quantity  of  water  should  be  discharged  from  the  body  at  aU  times;  and,  when'the  tem- 
perature or  the  hygrometric  condition  of  the  atmosphere  is  favorable  to  the  action  of  the 
skin,  as  m  a  warm,  dry  climate,  the  quantity  of  water  in  the  urine  is  diminished  and  its 
proportion  of  solid  matters  is  correspondingly  increased.  On  the  other  hand  the  reverse 
obtains  when  the  action  of  the  skin  is  diminished  from  any  cause.  This  fact  is  a  matter 
01  common  remark  as  well  as  of  scientific  observation. 

At  different  periods  of  the  day,  the  urine  presents  constant  and  important  variations 
It  is  evident  that  the  specific  gravity  must  be  constantly  varying  with  the  proportion  of 
water  and  solid  constituents.  According  to  Dalton,  the  urine  first  discharged  in  the 
mormng  IS  dense  and  highly  colored  ;  that  passed  during  the  forenoon  is  pale  and  of  a 
low  specific  gravity  ;  and  in  the  afternoon  and  evening  it  is  again  deeply  colored,  and  its 
specific  gravity  is  increased.  The  acidity  is  also  subject  to  tolerably  definite  diurnal 
variations,  which  have  already  been  noted. 

^ uriations  produced  hy  Food.— An  immense  number  of  observations  have  been  made 
npon  the  influence  of  ordinary  food  and  upon  diet  restricted  to  particular  articles.  These 
tacts  have  necessarily  been  considered  more  or  less  fully  in  connection  with  the  origin 
ot  the  urinary  constituents;  but  it  is  important,  in  .studying  the  influence  of  muscular 
exercise,  mental  effort,  etc.,  to  constantly  bear  in  mind  the  variations  occurrinc  under 
tJie  influence  of  the  ingesta. 

_  Water  and  liquids  generally  increase  the  proportion  of  water  in  the  urine  and  dimin- 
Jsn  the  specific  gravity.     This  is  so  marked  after  the  ingestion  of  largo  quantities  of 

q'nu.s,  that  the  urine  passed  under  these  conditions  is  sometimes  spoken  of  by  phys 
Wogi.,ts  as  the  urina  potns.    This  must  bo  borne  in  mind  in  clinical  examinations  of 

M  nnne.  It  is  a  curious  fact,  however,  that,  when  an  excess  of  water  has  been  taken 
solir„v!tr      "-^P^"'"*^"^'  t'"^  -^'^'t  ^•'"•el"lly  regulated,  the  absolute  amount  of 

urea  b,'  i','"  ">'='-<^"«'^''-    This  is  particularly  marked  in  the 

but  It  IS  noticeable  in  the  sulphates  and  phosphates,  though  not  to  any  oreat 
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extent  in  the  chlorides.   The  results  of  experirnents  npon  Ins  po.nt  seen,  to  .how  that 
vat"  taken  in  excess  increases  the  activity  '^^^^^^.^  „f       ,,.„e,  the  most 
The  ordinary  -eals  -variably  mcrease  the^.oM^^^^  ^^^^^^^J 

constant  and  uniform  ^--^  ^^J^  ^  tLr'ThtLtase  is  usually  noted  during  the 
to  a  great  extent  upon  th    ^-djl  tood  ^^.^^     ^.^^^^^^  ^^^^^^  .^^^ 

br       h^:;^::::^ .on  o.  the  hod.  ..eh 

is  called  the  urina  sanguinis  determine  the  mfluence  of  different 

It  is  an  interesting  and  ^-^P^^  '^^^^^^ 
kinds  of  food  upon  the  coj^poB^tion  ot  he  ™' J^^^^^^^^^^  ery  striking  obser- 

nitrogenized  and  a  °°n-°'t-gen^^ed  d  et^  Leto^^^^^  ^^^^  ^^^^^  p,^^.,. 

vations  upon  this  point,  and  his  results  l?avo  beea  tul  y  observations,  it  is 

ologists  of  authority.  ^^'^^'^V  roTa7extt  rnftrogenized  principles  always  pro^ 
sufficient  to  state  that  the  ^^g-^ion  ot  an  exoes  g       eonstituents  of  the  urine, 

duced  a  great  increase  in  the  P'-^P^'^^^.f^'^i.rthe  proportion  of  urea  was  found  to 
particularly  the  urea.    On  a  ---^'^f^f /^^^^^^^^^^^^^^  of  Lehixiann  are  so 

be  diminished  more  than  one-halt.    The  results 

striking  that  we  quote  them  in  lull:  ^^^.^^^  .^tremely 

"My  experiments  show  that  tne  amouuL  u  .     .   t^ken.    On  a pm-ely  am- 

dependent  on  the  nature  of  the  food  ^  f  JJ^lSths  more  urea  excreted 

xnS  diet,  or  on  food  very  rich  in  mtrogen  ^  r^^^';;;,  almost  one-thhd  more  than  on 
than  on  a  mixed  diet-,  ^^l^^^^' on  a  non"^^^^^^  cliet,  the  amount  of  urea 
a  purely  vegetable  diet;  l^.^^rarordina^^^ 

less  than  half  the  quantity  excr  ted  ^         ^  °  the  animal  organism, 

"  In  my  experiments  on  the  influenc  o^  ^^.^^     ^^^^  ^^^^^^^.^ 

and  especially  on  the  nnne  I  ^"^jf  ^^^^^J^'^^  /^d  diet  I  discharged,  in  twenty-four 

.i^^^irrrf,:: :    *r . . .....  »^  - 

different  inorganic  salts.                                        ^  ^^^^  the  diet  being  regular 

There  are  certain  articles  which,  ^^^^^^  ^^^^^  "     ^^^^t  they  diminish,  in  a  marked 

seem  to  retard  the  process  of  'l-^-^^^f  J  ^J*  ^^ea  Alcohol  has  a  very  decided 
nianner,  the  amount  of  -/"^^/^^'t;^' f  ^tdffi  i  by  the  presence  of  salt,  and  othe. 

influence  of  this  kind.    Its  action  may  l^^J'^^ihe     y  V  ^.^^^^  experiments,  alco 

niatters  in  the  different  alcohohc  bevera^^^^^^^  b^,  -  ^ear  ^.^^     ,^,^.,„t,  or  .hen  i 

1,01,  either  taken  under  normal  condition  of  ^^^f  j  3tated  in  general  terms 
is  in  excess,  diminishes  the  excretion  of  uiea. 


of  tea  and  coffee. 


Influence  of  Muse.lar  E.ere.e.^^  ^  —  \ 

oi-diniy  conditions  of  diet,  '-'--^^ "  "  i-mLLl,  in  considering  the  effec  J 
the  urine,  particularly  the  urea;  but  it  ^-^^'^    ,ters,  that  the  modifications  m  the 

of  exercise  upon  the  elimination     excrem en  >tiou^^^^^^^^^  the  influ- 

,„.ine  produced  by  food  are  very  ^--^^J^;;,,,  ,on  iHions.  so  as  to  make  apparent  n 
ence  of  food  before  taking  up  other  ^^^^^JZ^ov..  which  are  at  variance  with  tbo 
important  element  of  error  in  some  recent  obseivat-on 
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prevailing  ideas  on  this  subject.  When,  for  example,  it  has  been  shown  that  restriction 
to  a  non-nitrogenous  diet  will  immediately  diminish  the  daily  elimination  of  urea  more 
tlian  one-half,  it  is  evident  that  the  diet  must  always  be  fully  considered  in  e.xperinients 
upon  the  effects  of  exercise  or  of  other  modifying  circumstances. 

There  is  another  important  point,  also,  which  is  not  always  taken  into  consideration 
in  comparative  observations  upon  the  absolute  quantities  of  urea  eliminated  during  exer- 
cise and  repose;  and  that  is  the  elimination  of  this  principle  by  the  cutaneous  surface. 
Wo  have  already  seen  that  urea  is  a  constant  constituent  of  the  sweat.  Speck,  who 
found  that  exercise  usually  increased  the  elimination  of  excrementitious  matters,  noted 
the  fact  that  urea  was  not  increased  in  the  urine  when  the  sweat  was  very  abundant. 

A  very  elaborate  analysis  of  the  principal  observations  on  this  subject  by  Parkes 
shows  the  discrepancies  in  the  experiments  of  different  authors  and  points  out  sereral  of 
the  sources  of  error.    The  weight  of  experimental  evidence  formerly  was  decidedly  in 
favor  of  an  increase  in  the  elimination  of  urea  by  exercise;  and  the  observations  opposed 
to  this  view  involved  inaccuracies  which  would  explain,  in  part  at  least,  the  contradictory 
results  obtamed.    Lately,  however,  new  observations  have  been  made,  which  are  assumed 
by  some  to  show  an  actual  diminution  by  exercise  in  the  quantity  of  m-ea  excreted  Kck 
and  Wislicenus,  Frankland,  and  Haughton,  have  attempted  to  show  that  this  is  the  fact 
and  these  physiologists  have  come  to  the  conclusion  that  muscular  force  involves  chiefly 
the  consumption  of  non-nitrogenous  principles  and  the  production  of  carbonic  acid 
While  the  experiments  upon  this  subject  have  been  so  meagre,  it  would  be  unprofitable  to 
enter  into  an  elaborate  discussion  of  their  merits,  particularly  as  they  have  not  been 
directed  specially  to  the  influence  of  exercise  upon  the  composition  of  the  urine  but  to 
the  amount  of  muscular  power  developed  by  different  kinds  of  food.    This  subject  has 
not  been  reduced  to  such  an  absolute  certainty  that  we  are  able  to  calculate  mathemati- 
cally the  heat-umts,  the  digestion-coeflBcients,  and  the  amount  of  "  work"  produced  by 
any  gi  ven  quantity  of  food  ;  and  such  calculations  cannot,  as  yet,  take  the  place  of  actual 
experimental  observations.    What  we  want  to  know  is  the  measurable  influence  of  mus- 
cular exercise  upon  the  proportion  of  certain  of  the  constituents  of  the  urine,  under  nor- 
mal ahmentation,  every  other  modifying  condition  being  taken  into  account.    There  can 
be  no  doubt  that,  under  an  ordinary  mixed  diet,  the  elimination  of  urea  is  increased  by 
exercise.  Tick  and  Wislicenus  made  their  observations,  extending  over  a  period  of  between 
one  and  two  days,  under  a  diet  of  non-nitrogenized  matter;  and  Prof.  Haughton  com- 
pared his  observations,  made  in  July,  with  an  average  of  experiments  made  at  different 
seasons,  taking  no  account  of  the  action  of  the  skin.    It  may  be  true  that,  with  a  purely 
non-mtrogeneous  diet,  exercise  fails  to  increase  the  quantity  of  urea  eliminated  by  the 
Kianey.s,  as  appears  from  the  observations  of  Fick  and  Wislicenus;  but  farther  experi- 
ments are  necessary  to  settle  even  this  point,  and  the  recent  observations  by  Parkes  show 
that  this  is  not  always  the  case. 

_  AVith  regard  to  the  influence  of  muscular  exercise  upon  the  other  constituents  of  the 
urine  experiments  are  somewhat  contradictory.  Sometimes  the  water  is  lessened  and 
sometimes  It  is  increased;  this  difference  probably  depending  upon  the  activity  of  the 
cntaneons  exhalation.  Sometimes  the  uric  acid  is  increased  and  sometimes  it  is  dimin- 
wnea     ihe  sulphates,  phosphates,  and  chlorides,  are  generally  increased. 

the  general  result  of  experimental  observations  on  the  efiects  of  exercise  upon  the 
arme  may  be  summed  up  in  the  proposition  that  this  condition  increases  the  activity  of 
ne  nutritive  processes,  and  produces  a  corresponding  activity  in  the  function  of  disas- 
JridneyT'  ''^'^o'"!*  of  excrementitious  matters  separated  by  the 

ofZVT^  ^^"^  opportunity  of  settling  definitely  the  vexed  question  of  the  influence 
of  muscular  exercise  upon  the  elimination  of  nitrogen.'   In  1871,  we  made  an  exceeding?^ 

mct^oitl'rl^  '  ^"  "'^  P''Vxi»logical  FWects  of  Severe  and  Protracted  Mmmlar  Kxerclxe  with  .n.rir,,  r> 

»ft  rnflnence  upon  the  F^.oretion  of  NUro.en.-Kero  York  MeUical  JournaiZl!Z^^,^  ^  000  ef^' 
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Til,.  \v,.cfnTi  thft  nodostrian.    Of  these  we  can  only 
elaborate  series  of  ^^'-^^^^i;;^'^^;^^^:^  'l'^y«  -  ■ 

give  here  a  brief  summary    M'"-  ^3  X ^Hos;  fourth  day,  48  miles; 

Fir«t  day,  92  miles ;  second  day,  ^^"^f  ' ^^'^^/j'  with  the  nitrogen  excreted 
fifth  day,  walking,  and  live  days  after 

for  three  periods;  viz.,  hve  days  Deiore  ,  ^^^^  ^^.^^^^  ^ 

the  walk.    A  trusty  assistant  I  f  ^  J^/^^^^l^cted    and  other  observations 

the  food  was  weighed  and  analyzed  independently,  under  the 

were  ^-'^^  'luring  the  en.re  pe^^  od^   rhe^^^^^^  ^^^^^^^^  ^  1  ^.^  ^^^^^ 

the  nitrogen  eliminated  was  95  53  paits  toi  J  discharged 

days  of  the  walk,  for  every  hundred  parts  '^^^e^^^^^^^^^  was  hardly  any  exercise,  for 
174-81  parts.  Eor  the  five  days  after  ^^^'^^'J^^^^^.f  ^X^ed  91  93  parts.  During 
every  hundred  parts  of  nitrogen  '^r^'fl^''''^^^^^^^  and,  what 

the  walk,  the  nitrogen  excreted  was  m  direct  ^«  *°  J/^^^^^^  nitrogen  of  food  almost 
was  still  more  striking,  the  excess    f^'^flf^^^ll^  r^^e  muscular  tissue  wasted. 

;:ronr«!e  processes  employed,  etc.,  are  given  in  our  ongmal  paper. 

— ^~eS^— -  rt^: 

composition  of  the  urine  has  not  been  ^^ly  close  y  ,  satisfactory. 

tions  which  have  been  made  ^l-^  ^^^^^^^^sec  e^^^^^^  -  modified  to  a 

It  is  a  matter  of  common  remark  t^^*  t^^^'^'^^^"  anger,  and  various  violent  emo- 
considerable  extent  through  the  nervous  system.  \  ^^^^aining  a  large 

tions,  sometimes  produce  a  sudden  and  ^^^^^^^^^^^^^^^  ,,,,,  „f  i^ysteria.  Intense 
amount  of  water,  and  this  phenomenon  is  of  en  ^^^^^^^  ^^^^  ,,,,,  observed 

..ental  exertion  will  ^^--^"^         h  utof  ren-a^ 

a  frequent  desire  to  munatedunng  a  few  horns  ot  voided,  it  was  found,  on 

and,  on  one  occasion,  being  struck  with  the  °        ^    „f  ,bout  1002.  The 

examination,  to  present  scarcely  any  acidity  ^^J  X've  the  influence  of  mental  labor 
interesting  point  in  this  connection,  ^^V^i'  tle  amount  of  excretion  during , 

upon  the  elimination  of  solid  matters  i^.tauces  being  identical. 

complete  repose,  the  conditions  ^'  f^t^^l  Jl^^^^^^  activity  upon  the  composi- 
In  a  very  interesting  work  upon  the  influenc^^^^^^  ^^.^^  ^. 

tion  of  the  urine,  Byasson  found  ^^^l^Z^^^l  t^^^  phosphoric  acid  was  increased 
-1ji:t:^haveanimpor.ntbe„ 

exertion  upon  the  process  of  *         [."ceased  in  quantity  by  prolonged 

all  of  the  solid  principles  ««"*T.f  o        o^^  excrementitious  principle,  c.ther 

intellectual  exertion,  but  they  fail  *^T  °"^   *°  the  physiological  wear  of  the 

organic  or  inorganic,  which  is  «Pf  •'^"y;"™^^ Xsp^^  outofpropoi- 
brdn.  It  has  been  assumed  that  « J^^f  ^^^^^  ^^.^^^^^  o„e  of  the  constant  eflects 
tion  to  the  increase  of  the  f ^It'  1  y  di;ect  physiological  expenmen  . 

t  ;:sr;s:;;gr^  — 

under  the  head  of  the  phosphates  of  the  nrme. 
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CHAPTER  XIII. 

FUNCTIONS   OF   THE  LIVER. 


Physiological  anatomy  of  the  liver-Distribution  of  the  portal  vein,  the  hepatic  arte.y,  and  the  hepatic  duefc- 
Ongin  and  course  of  the  hepatic  veins-Structure  of  a  lobule  of  the  Hver-Arranffement  of  the  bile-ducts  in 
the  lobu  es- Anatomy  of  the  excretoiy  biliary  passages-Nerves  and  lymphatics  of  the  liver-Mechanism  of 
h! ^TuZ      r      T      ''■'^-^""'^"'y  of  bile-Variations  in  the  flow  of  the  bile-Discharge  of  bile  from 
he  gall-bladder-General  properties  of  the  bUe-Composition  of  the  bile-Origin  of  the  biliary  salts-Choles- 
inTt T    TT??      bile-Kxcretory  function  of  the  liver-Origin  of  cholesterine-Experiments  show- 
he    verPh"  ,  T  bmin-EHmination  of  choleeterine  by 
Does  lhe^         f °^          '°  "'^  "ver-E>idencesof  a  glycogenic  function  in  the  liver- 
Does  the  hver  contam  sugar  durmg  life  f-Mechanism  of  the  producUon  of  sugar  by  the  liver-Glycogenic  mat 
en"t";Iro;f'  d                     f-ction-Production  of  sugar  i.  f.tal  hfe-fnfluence  of  digestio/a/d     dS  - 
ent  kinds  of  food  upon  glycogenesis-Influence  of  the  nervous  system,  etc.,  upon  glycogeneeis-Artificial  dia- 

c2^emen?s  of  ^e  br°r~t"'^"''  "'^  liver-Changes  in\he  flbumlnoid  and  the  co^u  - 

cujar  elements  of  the  blood  in  their  passage  through  the  liver. 

Physiological  Anatomy  of  the  Liver. 

The  liver,  by  far  the  largest  gland  in  the  body,  is  now  known  to  have  several  entirely 
distinct  functions  ;  and  one  of  the  most  important  of  these  has  already  been  fully  con- 
sidered, m  connection  with  digestion.  It  is  true  that  we  know  very  little  with  regard  to 
the  exact  ofBce  of  the  bile  in  digestion,  but  that  this  function  is  essential  to  life  there 
can  he  no  doubt.  We  have,  however,  more  positive  information  with  regard  to  the 
excrementitious  function  of  the  liver  and  the  changes  which  the  blood  undergoes  in  pass- 
ing through  Its  substance ;  and  the  study  of  these  ftinctions  is  closely  connected  with 
the  anatomy  of  the  liver  and  the  chemical  constitution  of  the  bile 

fJl !°  connection,  to  dwell  upon  the  ordinary  descriptive  anatomy  of 
the  hver.  It  ,s  sufficient  to  state  that  it  is  situated  just  below  the  diaphragm,  in  the  right 
Sthh  rnrT't'f  gland  in  the  body,  weighing,  when  moderately 

fa  stated  Iw  s     '     tw       """^  '  ^^^^Vo^nAs.    Its  weight  is  somewhat  variable,  but  it 
hf  we  IhYof  ^    ■  'V  °^  development,  its  proportion  to 

itm  £  °f     t      f  'i!       *°  '°  '""''^  "f'^'  is  relatively 

largei,  its  proportion  to  the  weight  of  the  body,  in  the  new-born  child,  being  as  one  to 
eighteen  or  twenty.  ■  ^ 

hrnJ^t  ''T''^^  externally  by  peritoneum,  folds  or  duplicatures  of  this  mem- 

Drane  being  formed  as  it  passes  from  the  surface  of  the  liver  to  the  adjacent  parts  These 
const,tute  four  of  the  so-called  ligaments  that  hold  the  liver  in  place'  The'  proper  coat 
ot  the  liver  ,s  a  very  thin  but  dense  and  resisting  fibrous  membrane,  adherent  to  the  sub- 
peritone  im     T^'       ^'^''■'^''^  f'^^^'  difficulty,  and  very  closely  united  to  the 

Lneni^ll  ^}"^^'''''^  of  variable  thickness  at  different  parts  of  the  liver,  being 
2  du  'l  In"r  ^^"'^  tl^e  transverse  fissure,  it  surrounds 

fnl  f '  "lerves,  and  it  penetrates  the  substance  of  the  organ  in  the 

om  ot  a  vagina,  or  sheath,  sun-ounding  the  vessels  and  branching  with  them  This 

vessels!  ^  '°  comiection  with  the  arrangement  of  the  hepatic 

or  rlindetf'"'"  °^  i°°°"«>-'^We  lobules,  of  an  irregularly  ovoid 

lobur.sloi?'  "     ''r*  V  f  .pace  which  separates  tZl 
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...n^aliMhe  lobules  are  not  so  di^lnc^  a.^^^^ 

same.  Although  the  lobules  -Jlf'^^ff'^.TT^^^^^^  IVom  the  same  interlobular 
branches  going  to  a  number  ot  d.fterent  l^^'^nl  ^tZL,  the  general  anatomy  of  the 
vessels,  they  are  sufficiently  '^'''''1'''?'^^^^  ,ninute  structure  of  the  lobules, 

.ocreting  substance  and  the  duct,  after  they  have 

it  will  be  convenient  to  toUovv  out       co  .    ;  gl^aU  follow,  in  the  mam, 

the  liver,  with  tho  hep«t,0  d»ct,  "     '   '         '    ,j  b,  f«t  the  larger 

naembrane,  closely  adheren    «        ^^^^^^^^^^^^  areolar  tissue.    The  attachment  of 

vessels  and  nerves,  to  which  t  is  attached  by  ^^^^^  ^^.^ 

the  blood-vessels  to  the  slieath  IS  so  loose  that^^^^^^^^  ^^^^^.^^^  ^^^^ 

lapsed  when  not  filled  with  blood    thus  PJJ^'^S  ^./^^        remain  open  when 

veins,  which  are  ^^'-^^'l^^r!^.^^^^^^^^^  vessels  as  they  branch  and  it  fol- 

they  are  cut  across.    This  sheath  '^J^J^^^'    .^^,,^1  thickness  in  different  animals, 

lows  them  in  their  BuM.visions.     t  vaue  con^^^^^^^^  H,ore  delicate 

^  r^::^;:— "Sy^t  be^re'tHe  vesse.  are  distributed  m  the 

1.  The  portal  vein,  the  ^^^P^^^^^  f    [' f^^^  The  blood-vessk   are  continuous  in  the 

of  origin  in  the  lobules.  j  ^^^^         collect  the  blood  dis- 

..^t^^^  —  ^tS::?Sie  portal  vein  and  of  the  hepatic  arte^ 

.ranges  of       r-^tAhl^  cafre" 
vessels  follow  out  the  branches  of      capsu  e  ot  ^  ^^^^^^  ^^^^^^^^ 

they  finally  pass  directly  between  the^lobu^e-    1  ^^^^  ^ 

lateral  branches  to  the  sheath ;  and  those  wno  lo  ^^^^^^^  ^  tl 

i'ir^his  the  vaginal  plexus.    The  an-angemen^^  .tiehes  pL  from  this  so-caUed  vagin^ 

form  of  a  true,  --*7--^£:USrnot  anastomose  or  commmiicate  with  each 
plexus  between  the  lobules.    These  vessels  ^ 

other  in  the  sheath.  important  peculiarity  in  its  course  from  the 

The  portal  vein  does  not  present       ^IJ^'^^^/..^.^  enclosed  in  its  sheath,  until 
transver  e  fissure  to  the  interlobular  ^P'^^f  ^^i  JId  in  its  course,  it  sends  branches 
tTsmall  branches  go  ^i-ctly  between  the  lobu  eB  a^^  ^^^^  ^^^^^^^^  ^^^^ 

to  the  sheath  (vaginal  vessels),  which  '^terward  go  ^^^^^^  ^^^^  f 

Lution  of  the  hepatic  artery,  ^--f^^' "  ,  2o  ot^.ev  vessels,  it  sends  off  mmute 
branches.  As  soon  as  it  enters  th  ^^^f  ; J^;^;  the  larger  branches  of  the  artery 
branches  (vasa  vasorum),  to  ^1^?^^^"^°"  .^P^en^  rieh'net-work  of  branches  to  the  he,  at  c 
itself,  to  the  walls  of  the  hepatic  veins,  ^  ^^^^  J^'^^i  avails  of  the  hepatic  duct  are 
duct  When  the  hepatic  artery  is  ^"if  ^^^f^  f  epatic  artery  also  sends  branche 
«een  almost  covered  with  vessels.  the  branches  of  the  portal 

to  the  capsule  of  Glisson  (capsular  branches),  wlncn  j 
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vein,  to  form  tlie  so-called  vaginal  plexus.  From  these  vessels,  a  few  arterial  branches 
are  given  off  wliich  pass  between  tlie  lobules.  The  liepatic  artery  cannot  be  followed 
beyond  the  interlobular  spaces.  The  terminal  branches  of  the  hepatic  artery  are  not 
directly  connected  with  the  radicles  of  the  hepatic  veins,  but  they  empty  into  small 
branches  of  the  portal  vein  within  the  capsule  of  Glisson. 


1, 1, 1  1,  S,  4,  lobules ;  2,  2,  2,  2,  totralobniar  veins,  Mected  ..ith  white ;  5.  5,  5,  0,  5,  interlobular  voLi;  iilled  with  a 

oarK  injection. 


The  hepatic  duct  follows  the  general  course  of  the  portal  vein ;  but  its  structure  and 
relations  are  so  important  and  intricate  that  they  will  be  described  separately 
c.t;^n       h  "'''  ^-^^^a^^.-Branches  of  the  portal  vein,  coming  from  the  terminal  ramifi- 
cations as  the  vessel  branches  within  the  capsule  and  from  the  branches  in  the  walls  of 
0  eaSttVT^  distributed  between  the  lobules,  constituting  the  greatest  part  of  the 

each  vessel  however,  giving  off  branches  to  two  or  three  lobules,  and  never  to  one  alone 
diTnl  Z\T  ""'f  '  consequently  they  are  not  in  the  form  of  a  true  plexus.  The 
tion  t  'J  n    T       '■^^^"l^^  ^'^'■'e^  ft-""^  tAtt  to  ^-^  of  an  inch.   In  this  distriba- 

mis  nir/  Wood-vessels  are  followed  by  branches  of  the  duct,  which  are  much  less  numer- 

that!r  '  "'f'^^"""'^-  of  an  inch  ;  and  some,  even,  have  been  measured 

tJiat  are  not  more  than  ^^^^  of  an  inch  in  diameter. 

Z.&«?ar  Fm.?«.-In  the  interlobular  plexus,  the  ramifications  of  the  hepatic  artery 
are  lost,  and  this  can  no  longer  be  traced  as  a  distinct  vessel.  One  of  the  peculiarities 
01  us  arrangement,  as  we  have  seen,  is  that  the  artery  does  not  empty  into  tlie  radicles 
trn.  ;    u  ^""^  ^^'^^'^^^  ^•'^  '-^bout  to  be  distributed  in  a 

ouonH  "T^  "V°  the  substance  of  the  lobules.  In  the  lobules  themselves,  conse- 
Sn  ,Vir  ^''^  *°  '^'"'^^  •-^"•'^^g^^^^nt  of  the  portal  plexus,  with  the  mode  of 
ongm  of  the  liepatic  veins  and  the  relations  of  the  hepatic  duct. 

int..i  1  «r'-«ngenient  of  the  lobular  plexus  of  blood-vessels  is  very  simple.    From  the 

Cle    As  tT""-  I  "iT'r"  °'  --^"^^  I'^^^t'-ate  the 

sends  h,.nn  .     •  l"^'-''"^"''"!'^'-  ^<^««e]s  are  situated  between  different  lobules,  each  one 
send  b,  anches  mto  two  and  sometimes  three  of  these  lobules  ;  so  that,  as  far  as  vascidar 
supply  IS  concerned,  these  divisions  of  the  liver  are  never  absolutely  distinct 
break  „iT^'"^^'■°"'*^''  '"^^'-'^^'^l'^'- Pl^'^"^  i-'to  tho  lobules,  the  vessels  ■immediately 
ccupy  the  lobules  with  a  true  plexus.    These  vessels  are  very  numerous;  and, 
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tl,«y  occ.,.,  >no,-e  space  than  tte,  "»^»  »»*^  ,t  lobE  tU.  lobular  ,.l«u.,  i.  col- 
iatralobular  vein^  cut  across,  is  represented  m  Fig.  130. 


Fio.  vSO.-Trans.erse  section  of  <.Hnale  kepM^^^  (SaPpeyO 
tho  intralobular  vein. 

^W.b  ™.a,a  to  tb,  .oa»  o.;„.«.  ^^tb.  bep.Uo  a.u.  .be  — 

recent  researches  have  show,  t'^f  liver-cells  •  hut  there  are  many  differ- 

:t\:;i:rr  i:^::-  s^rsr — ....  .e ... 

InatLy  of  the  secreting  structures  in  the  lobules. 

Origin  an.  Course  oftUe  Ee,aU.  y^^^^^^;^^^^^^^:.  thosS^ 
lavy  ple'xus  furnishes  the  materials  for  ^^^^^    ,° ^er  ;ords,  it  is  in  and 

produced  by  the  action  of  the  hver         ^^^^^^^^^^^^  Uver  are  performed.    It  is 

iround  this  plexus  that  allthephysiolog,^^^  ^he  right 

then  only  necessary  that  the  blood  should  be  .ecordingly  very  simple. 

«ide  of  the  heart ;  and  the  arr^Bgement  of  the  1  epa     ve  ^^^^^  ^^^^^^  ^^^  .^^^^ 

7.m«.-Tbe  .nnumerab  e  X  empty  into  a  central  vessel,  from 

or  four  venous  radicles  (represen  ed  -  ^     \  l^,.    If  a  liver  he  carefuUy 

to  a.  of  an  inch  m  d.ameteu    This  -  tl^  ^^^^.^^^^  ^.  ,  U  b 

injected  from  the  hepatic  vems,  and  f  sections  ^^^^^^   ^^^^.^.^^  ^^^^  ^ 

seen  that  the  intralobular  vems  f  ^  *  /"^^^^^^^^  ,it„,ted  at  what  may  be  termed  the 
their  course,  until  they  empty  mto  a  l^'g^J^^^^ed  by  Kiernan,  the  sublobular  vems. 
base  of  the  lobules.  These  vessels  ^-'^ J^^^d  fi^m  all  parts  of  the  liver,  unit. 
They  collect  the  blood  in  ^^j^'^^^  "f^fi^fi^^il  they  fonn  the  three  hepatic  veins, 
with  others,  becoming  larger  and  larger,  "^.1  ^^al  y  t  y  ^^^^^^^^^ 
which  discharge  the  blood  from  the  l.vcr  into  the  ^en.l 
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The  hepatic  veins  differ  somewhat  in  their  structure  from  other  portions  of  the  venons 
system.  Their  walls  are  thinner  than  those  of  the  portal  veins,  they  ore  not  eucloscd 
m  a  sheath,  and  they  ai-e  very  closely  adherent  to  the  hepatic  tissue.  It  is  this  provision 
which  makes  the  force  of  aspiration  from  the  thorax  so  efficient  in  the  circulation  in 

!    irT,  ^°  '^^'^  ^''^'^^  °f       heart  is  specially  necessary 

or  the  blood  ,s  passing  mto  the  liver  through  a  second  capillary  plexus,  having  already 
been  distributed  m  the  capiUaries  of  the  alimentary  canal  and  other  abdominal  organs 
before  it  is  received  into  the  portal  vein.    It  has  also  been  noted  that  the  hepatic  vein; 
possess  a  well-marked  muscular  tunic,  very  thin  in  man,  but  well-developed  n  the  pig 
l^^J^lt:2rr'  °'  '''''''''''  ^'^res  interlacing  with  eLt 

In  addition  to  the  blood-vessels  just  described,  the  liver  receives  venous  blood  from 
vessels  which  have  been  caUed  accessory  portal  veins,  coming  from  tl!rit  o-heX 

walls.  These  vessels  penetrate  at  different  portions  of  the  surface  of  the  liver  and  thev 
may  serve  as  derivatives,  when  the  circulation  through  the  portal  vein  is  obstnicted  ' 

disttTv  r  "-^l"  ff"^"  f      J^i-^r.-Each  hepatic  lobule,  bounded  and  more  or  less 
riTe!  ^  '''''''  interlobular  vessels,  contains  blood-vessels 

of  view  will  be  found  filled  with  numerous 
rounded,  ovoid,  or  irregularly  polygonal  cells, 
measuring  from  -f^Vo  to  of  an  inch  in 

diameter.    In  their  natural  condition,  they  are 
•  more  frequently  ovoid  than  polygonal;  and 
when  they  have  the  latter  form,  the  corner^ 
are  always  rounded.    These  cells  present  one 
and  sometimes  two  nuclei,  sometimes  with  and 
sometimes  without  nucleoli.    The  presence  of 
numerous  small  pigmentary  granules  gives  to 
tlie  cells  a  peculiar  and  characteristic  appear- 
ance; and,  in  addition,  nearly  all  of  them 
contain  a  few  granules  or  small  globules  of  fat. 
Sometimes  the  fatty  and  pigmentary  matter  is 
80  abundant  as  to  obscure  the  nuclei.  The 
addition  of  acetic  acid  renders  the  cells  pale 
and  the  nuclei  more  distinct.    By  appropriate 

of  "iTe'li:.'""'  ^""'^''^  "^"'''■^  ''''        demonstrated  in  the  sub- 

Jl^^»'^'jement  of  the  Bih-ducU  in  the  Lolules.-ln  describing  the  plexus  of  oriHn 

the  ,„b,,.,„.  „,  ,u  l„b,„=,     »„  ,„,Mtae.7  fine  „d  ,.eg„l.r  „„.„„,k  „f 
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-Livei'-cells,  from,  a  hmnan,  fait,/  liver 
(Fimko.) 
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•       V    .     1     of  an  inch  in  diameter,  wir.cl.  surround  tl.cUver-^^^^^^^ 
of  uniform  size,  about  -nrW  f ''l '^^^^^^^  brancl.oH  of  tl.ese  canals.    This  plexus  is 
coll  lying  iu  a  space  bounded  by  '""f^f  ^/^^^'^^^^^     ,„elose  in  its  meshes  each  indi- 
ontiroly  independent  of  the  blood-vessel  a^^^^  in  communication 

vidaal  cell,  extending  from  the  P^^P^^^y^^j^i^t^ttorlobular  bile-ducts)  to  the  intra- 
lobular vein  in  the  centre.  The  vessels  prob- 
ably have  excessively  thin,  homogeneous 
walls-although  the  existence  of  their  mem- 
brane has  not  been  positively  demonstrated- 
and  are  without  any  epithelial  linmg,  being 
,BUch  smaller,  indeed,  than  '"^ny  epithehal 
cells  with  which  we  are  acquainted,  ims 
arrangement,  as  far  as  is  known,  has  no  ana- 
lo«ue  in  any  other  secreting  organ. 

Although  it  is  within  a  few  years  orily 
that  the  reticulated  bile-ducts  of  the  lobules 
have  attracted  much  attention,  they  were  dis- 
covered in  the  substance  of  the  lobules,  neai 
he  periphery,  by  Gerlach,  in  1848^  Itisev. 
dent  from  an  examination  of  his  figures  and 
Siption,tbat  he  succeeded  in  filling  w  ith 
injectL  that  portion  of  the  lobular  ne  -woik 
n  ar  the  borders  of  the  lobules,  and  he  demon- 
strated the  continuity  of  their  vessels  with 
fhe  interlobular  ducts ;  but  he  did  no  recog- 
nize the  vessels  nearer  the  centre  of  the  lob- 

It  is  now  dem—  beyond  ~  ^  f  I^^^^ 


,10.    It  is  now  demonstrated,  beyond  ^ ^l^^^;^'""^^^^^^^^^  interlobular  hepatic 

between  the  liver-cells  in  the  lobules,  '^^j^^f  f  *^^J.\Xther  these  passages  be  sunple 
ducts.    It  is  still  a  question  of  ^'^'^^'21^^^^^  ,  but  this  point  has  no  great 

spaces  between  the  cells  or  tnie  ^^^^^l^;^^"^^^^^^^^^  it'  would  be  exceedingly  difli- 

^eS^::  r  a  tub,  the  who.  measuring  but 

favorable  oPP-nity  .^o^^^^^ 
presented  in  the  livers  of  animals  hat  died  ot  th^  o  caUed  ^^^.^^^  ^  ^^^^ 

las  taken  advantage  of  by  the  late  Dr.  R.  f ^  ,  ^j^h^d  by  the  German  anato- 
TaLactory  manner,       ^-ts  which  h^^^^^^^^^  ,,Uo.  bile 

mists.    In  these  livers,  f  J^/edingly  distinct.    In  the  examination  of 

and  their  relations  to  the  '^^-'^^''^J^'l^^^^  fragments  of  these  httle 

particular. 

connection  between  the  interce  lular  bi  aiy  plexus  ^^^^.^^  eourse  from  the 

the  interlobular  ducts.    We  ^^^^^  .^o^^^^^^      racemose  glands,  which  prob- 

lobules  to  the  intestine,  are  provided  ^ '       7/;°  in  all  probability,  the  pocul  a. 

ably  secrete  a  mucus  that  -  '"--  J^  .'^n^^  bo  cabals  situated  between  the  lobules 

elements  of  the  bile  are  formed  in  the  lob  ilcs  a 

and  leading  from  them  to  the  larger  d-*^;-  ^^^lest  measuring  about  Win.  of 

Between  the  lobules,  the  ducts  are  vciy  small, 
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an  incli  in  diameter.  They  are  composed  of  a  delicate  membrane,  lined  with  small,  flat- 
tened epithelium.  The  ducts  larger  than  of  an  inch  have  a  fibrous  coat,  formed  of 
inelastic  with  a  few  clastic  elements,  and,  in  the  larger  ducts,  there  are,  in  addition,  a  few 
non-striated  muscular  fibres.  The  epithelium  lining  these  ducts  is  of  the  columnar  variety 
the  cells  gradually  undergoing  a  transition  from  the  pavement-form  as  the  ducts  increase 
in  size.    In  the  largest  ducts,  there  is  a  distinct  mucous  membrane,  with  inucous  glands. 

Throughout  the  whole  extent  of  the  biliary  passages,  from  the  interlobular  canals  to 
the  ductus  choledochus,  are  little  utricular  or  racemose  glands,  varying  in  size  in  differ- 
ent portions  of  the  liver,  called  by  Robin,  the  biliary  acini.  These  are  situated,  at  short 
mtervals,  by  the  sides  of  the  canals.  The  glands  connected  with  the  smallest  ducts  are 
simple  tolhcles,  from  to  ^  of  an  inch  long.  The  larger  glands  are  formed  of  groups 
of  these  follicles,  and  they  measure  from  to  ^-^  of  an  inch  in  diameter.  The  glands  are 
only  found  connected  with  the  ducts  ramifying  in  the  substance  of  the  liver,  and  they  do 
not  exist  in  the  hepatic,  cystic,  and  common  ducts.  They  are  composed  of  a  homogeneous 
membrane,  Imed  with  small,  pale  cells  of  pavement-epithelium.  If  the  ducts  in  the  sub- 
stance of  the  hver  be  isolated,  they  are  found  covered  with  these  little  groups  of  follicles 
and  have  the  appearance  of  an  ordmary  racemose  gland,  except  that  the  acini  are  rela- 
tively small  and  scattered.    This  appearance  is  represented  in  Fig.  133. 

-Ml  H 


'-5-?  '  V  9i 

if  r' 

F.C.  m.-Anmtomou..  and  racemose  glands  aitacM  to  tke  UUary  dncts  of  the  pig  ;  magnified  IS  diameters 

The  excretory  biliary  ducts,  from  the  interlobular  vessels  to  the  point  of  emer<.enco 
the  hepatic  duct,  present  numerous  anastomoses  with  each  other  in  their  course 

vessdHrf  fin' '''•"J"       ^'"T  °^  ""^  in  tl^e  adult,  Certain 

ITa  T  ^    u  ^'^      surface  of  the  liver,  but  always  opening  into  the  bil- 

iary due  .  which  have  been  called  vasa  aberrantia.    These  are  noverVounlin  thXtL 
or  m  children.    They  are,  undoubtedly,  appendages  of  the  excretory  system  of  the  IWer 
Sr  TlT''     ''''''  '''''''''''  '^^''^^  1^"'^  '-^'-^  apparently  hyportroph  d  vTth 

n  tt     '  '°  constHctiornot  found 

m  he         ,  ,  ^^^^^^^^  ^^^^^^  ^^^^^^^^^^^     ^^^^.^  veiy  'm.ich  Z 

OalUlacMer,  Hepatia,  Cystic,  and  Common  J)uct..-Thc  hepatic  duct  is  formed  bv 
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duodonum.    It  !>»««  oUun  dy  ttiougL  •»«  «  j„„,  „  „to„t... 

mrity  in  ooniiection  Willi  tie  l>n»«il™'  P™«'"7  ' 
S  to  length  .nd  is  the  smallest  of  the  three  cnn.b. 


ao  12  39 


4.-  iw       Qflmfl    They  have  a  proper  coat,  formed 
The  structure  of  these  ducts  .s  ^^^^TJ"  J^^^^^^       Jscular  fibres.  The 

of  white  fibrous  tissue,  a  few  elastic  fibres        ^^^^^^  ,„,t.    The  mucous  mem- 

Lscular  tissue  is  not  sufiiciently  .^e  ev  nTn  living  auim^    It  is  marked 

trane  is  always  found  tinged  yellow        ^h  J.:^e  ^^^^^^^^  This 

by  numerous  minute  excavations  and  is  covered  wit 

xnembrane  contains  ^^"^'^■"^^^rj^lf  Sajed  sac,  about  four  inches  in  length,  one  inch 
The  gall-bladder  is  an  ovoid  or  P«'^™P'Vl'o  ding  from  an  ounce  to  an  ounce  and  a 
in  breadth  at  its  widest  portion,  and  ca^b  e  o^^^^^oneur.,  but  this  membrane  passe, 
half  of  fluid.    Its  fundus  IS  covered  entuely  wit  P 

only  over  the  lower  surface  of  its  body.    _  ,   f  ^hite  fibrous  tissue  witli  a  few 

The  proper  coat  of  the  gall-bladder  is  compose^ 
elastic  fibres.    In  some  of  the  ower  ^  The  mucous  coat  is  of  a  yellowish 

scattered  fibres  only  are  found  m  the  huma^u^^^^^^^  ^^^.^^  e.ceedmgly 

color  and  marked  with  numerous  very  jVmg 

vascular.  Like  the  membrane  of  the  due  s  ^^J^^^'^X^^  ,„,,erous  small  racemose 
ered  with  columnar  epithelium.    In       Sj^^^^^^^^^^^^^  submucous  structure  These 

glands,  formed  of  from  four  to  cigh    oUide    o  ge^^  ^^^^^     ^^^^  „f  hver, 

are  essentially  the  same  as  the  glands  openmg 
and  they  secrete  a  mucus  which  is  mixed  with  the  bUe. 
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A^erves  and  Lymphatics  of  the  Liver. — The  nerves  of  the  liver  are  derived  from  the 
pneumogastric,  the  phrenic,  and  the  solar  plexus  of  the  sympathetic.  The  branches  of 
the  left  pneumogastric  penetrate  with  the  portal  vein,  while  the  branches  from  the  right 
pneumogastric,  the  phrenic,  "and  the  sympathetic  surround  the  hepatic  artery  and  the 
hepatic  duct.  All  of  these  nerves  penetrate  at  the  transverse  fissure  and  follow  the 
blood-vessels  in  their  distribution.  They  have  not  been  traced  farther  than  the  terminal 
ramifications  of  the  capsule  of  Glisson,  and  their  exact  mode  of  termination  is  unknown. 

The  lymphatics  of  the  liver  are  very  numerous.  They  are  divided  into  two  layers: 
the  superficial  layer,  situated  just  beneath  the  serous  membrane ;  and  the  deep  layer, 
formed  of  a  plexus  surrounding  the  lobules  and  situated  outside  of  the  blood-vessels'. 
The  superficial  lymphatics  from  the  under  surface  of  the  liver,  and  that  portion  of  the  deep 
lymphatics  which  follows  the  hepatic  veins  out  of  the  liver,  pass  through  the  diaphragm 
and  are  connected  with  the  thoracic  glands.  Some  of  the  lymphatics  from  the  superior 
or  convex  surface  join  the  deep  vessels  that  emerge  at  the  transverse  fissure  and  pass 
into  glands  below  the  diaphragm,  while  others  pass  into  the  thoracic  cavity. 

Mechanism  of  the  Secretion  and  Discharge  of  Bile.— The  liver  has  no  analogue  in  the 
glandular  system,  either  in  its  anatomy  or  in  its  physiology.  There  is  no  gland  in  the 
economy  which  we  know  to  have  two  distinct  functions,  such  as  the  secretion  of  bile  and 
the  production  of  certain  elements  destined  to  be  taken  up  by  the  current  of  blood  as  it 
passes  through.  In  other  words,  there  is  no  organ  in  the  body  which  has  at  the  same 
time  the  functions  of  an  ordinary  secreting  gland  and  a  ductless  gland.  If  we  regard  the 
liver-ceUs  as  the  anatomical  elements  which  produce  the  bile,  it  is  evident  that  their 
number  is  very  much  out  of  proportion  to  the  amount  of  bile  secreted ;  and  the  liver 
itself  IS  an  organ  of  much  greater  size  than  it  seems  to  us  would  be  required  for  the  mere 
secretion  of  bile.  We  explain  this  disproportionate  size  by  the  fact  that  the  liver  has 
other  functions,  which  are  those  of  a  ductless  gland. 

There  is  no  gland  in  which  the  arrangement  of  secreting  tubes  is  the  same  as  in  the 
hver.  It  IS  hardly  possible  that  the  intercellular  plexus  of  fine  tubes  in  the  lobules  should 
be  any  thing  but  the  plexus  of  origin,  or  the  secreting  portion  of  the  hepatic  duct.  These 
are  certainly  not  blood-vessels,  and  the  only  vessels  that  could  have  the  appearance  we 
have  described,  except  the  bile-ducts,  are  the  lymphatics ;  but  the  communication  be- 
tween these  vessels  and  the  excretory  bile-ducts,  and  the  fact  that  they  have  been  seen 
distended  with  bile  in  icteric  livers,  are  pretty  conclusive  evidence  of  their  nature.  This 
arrangement,  then,  must  be  regarded  as  peculiar  to  the  liver,  as  the  arrangement  of  a 
capillary  plexus  surrounded  with  cells  and  enveloped  in  a  dilated  extremity  of  a  secreting 
tube  IS  peculiar  to  the  kidney  and  is  found  in  no  other  glandular  organ. 

Do  the  liver-cells,  situated  outside  of  the  plexus  of  origin  of  the  biliary  duct,  secrete 
the  bile,  which  is  taken  up  by  these  delicate  vessels  and  carried  to  the  excretory  biliary 
passages?  There  are  very  good  reasons  for  answering  this  question  in  the  affirmative  • 
although,  if  we  do,  we  must  recognize  the  fact  that  the  same  cells  produce  glycogenic 
matter.  As  far  as  we  are  able  to  understand  the  mechanism  of  secretion  (except  in  the 
production  of  milk),  it  seems  necessary  that  a  formed  anatomical  element,  known  as  a 
secreting  coll,  should  elaborate,  from  materials  furnished  by  the  blood,  the  elements  of 
secretion  ;  and  this  cannot  be  accomplished  by  a  structureless  membrane  like  that  which 
forms  the  walls  of  the  bile-ducts.  Under  this  view,  assuming  that  bile,  as  bile  first 
makes  its  appearance  in  these  little  lobular  tubes,  the  liver-cells  arc  the  only  anatomical 
elements  capable  of  prodncmg  the  secretion.  With  regard  to  the  mechanism  of  this 
secreting  action,  wo  have  nothing  to  say  beyond  our  general  remarks  in  a  previous 
ciiapter  With  the  view  we  have  just  expressed,  certain  elements  of  the  bile  are  sen- 
arated  from  the  blood,  and  others  are  manufactured  out  of  materials  furnished  bv  tL 

holllJ  ^''^/'^t'"'?"'"  ""'^/'f  P'*'''"^  °f  stunted  between 

the  cells.    The  discharge  of  the  fluid  is  like  the  discharge  of  any  other  of  the  sec  -etln  " 
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except  that  a  portion  is  temporarily  retained  in  a  diverticulum  from  the  main  duct,  the 

-^^i;:todi.inet..t3^ 

the  secretion  of  bile  and  the  f ;°  ""J;;^,;;^,  ,r  organs,  corresponding  to  its  double 
in  the  liver  f/^^f  ™^  L^'td  X^.^^^I^^^  advanc;d  by  several  eminent  anato- 
physiological  function.    This  v  ew,  in       ,  ^  glycogenic 

mists.  Robin  ^^^^^^^^^^^  tCl"  ^LllI  and  blood-vessels,  as  the  parts  con- 
=  i^lXr:  t-n  o--er  -  .e  1^^^  whU.  ^  mto  the 

"^s:^"^^"^^  ----  ^^--^^ 

and  biliary  portions  of  the  1'-^.  f^L  demonstration  of  the  direct 

The  fact  that  bi  e  is  found  '^'^'^^'''^^^^^^^  jucts  are  powerful  arguments 

communication  of  these  canals  w.  h  the  '^'^"^  ^  ^^^^^l  ^  the  liver-cells, 

in  favor  of  the  view  that  the  bile  is  formed  in  ^^^^  °  J^^^^^^^^^^  biliary  ducts? 

What,  then,  is  the  function  of  the  htt  e  acini  ^3.7*^;^/^^^;;;;^^^^^^  to  the  mucous 
The  similarity  of  their  structure  to  that  °   f  ^^'^^^^^^^  'that  they  secrete  a 

glands  of  the  gall-bladder  ^^P^^^^^^^' .^^  ^t*',!;,^  the  gall-bladder  contains  more 
™,cous  fluid.    It  is  well  known  that  the  b  e  tj^en  t.  om  the  g^  ^  ^^^^ 

mucus  than  that  discharged  directly  from  the  hvei    but  th e  bUe  J  ^^.^ 

„.ost  animals  is  somewhat  viscid       -ntains  a  ^^r^^^,,,  m  pro- 

view  entertained  by  Sappey,  who  states  that         1^;^^         ^^^^      ^Hch  the  glands 
portion  to  the  development  of  these  little  glands ,  and,  in  the  raDDit, 
do  not  exist,  the  bile  is  remarkably  fluid  racemose  glands  attached  to  the 

Inasmuch  as  there  is  no  direct  evidence  t^^*  ^^^^  /^^^^^^^^^^^^  „f  the  essential  con- 
excretory  biliary  passages  have  any  thing  to  ^^fj^^ .^ZT^^^^^  that  produce  a 
stituents  of  the  bile,  and  as  they  -e  not  ev  a  «  ^  -/I^^  ,f  two  organs 

considerable  quantity  of  bile,  we  must  regaid  the  question  01  ^^.^^ 
in  the  liver,  one  for  the  secretion  of  bile  and  ^^e  oth  r  fo  f  P  f  ^^^^^^^       |,t  the 
unsettled.    There  is  no  evidence,  indeed,  that  the  bile  is  secieted  anyw 
hepatic  lobules. 

Se.reUo.  of  Bile  fro..  Venous  ^  SIT^^^ 
made  with  the  view  of  determming  whether  the  ^^l^/^^^^^^^  The  immense 

To  the  liver  by  the  portal  vein  or  from  the  ^  ^f^^^ J^^f^^^  ^fiii  ^  ^   opinion  that 
quantity  of  blood  distributed  in  the  liver  by  th   P°^^^  J^;™         that  tie  hepatic 
L  impurities  were  separated  from  this  ^ood  to  form  the  bue  ^^^^^^ 
arteiT^d  little  or  nothing  to  do  with  the  sec^^^^^^^^^^^^^^ 

glycogenic  function  of  the  liver,  this  sub  ect  l^^^^^f  be  furnished 

Icom'es  a  question  whether  the  /^^^X      e  p  rt^^ 

by  one  vessel  (the  hepatic  artery),  ^l"'^  *  tMs  theoretical  view,  however,  is  not 
earned  in  the  formation  of  .'^^f!;"  or  by  phy  iological  experiments.    It  is 

carried  out  by  well-estabhshed  f^^'^^^'f^^'''^^^^^^  one  for  the  secretion 

not  yet  possible  to  separate  the  liver  anatomically  into  two  o  g  ^^^^^^^^^^^ 

of  bL  and  the  other  for  the  P-^^-f™  °         "  he  i^^al  vei^  after  a  ligature 

experiments,  that  bile  may  be  seci-eted  fi 01  the  blood  0  ^^^^  ^^^^^^  ^^p^^.. 

has  been  applied  to  the  hepatic  artery ;  '^^J.  JJJ^.^^^,,,;  that  the  animal  does  not 
ments  of  Ore,  that,  if  the  portal  ^^'^  ^'^'f  ^^f  ^^^^^  ^^Ahe  hepatic  artery.  In  support 
die  from  the  operation,  bile  is  secre  ed  f, cm  the  ^10°   "  ,,uman  subject  are 

of  this  view,  several  instances  of  obliteration  ^^^^  P^^^^^/^.j^^  ,f  Or6  in  the  Cowpt^ 
cited  in  works  upon  physiology.    In  a  no  e  to  tl-^^^^^;  on  po.st-mortem 

rendus,  Andral  reports  the  case  of  a  P'^*''^  *  ^.^'/^ti  ii'^  '^^^'^  S'*""^''^'^^'''" 
examination  the  portal  vein  was  found  obhteiated. 
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was  fonnd  full  of  bile.  In  addition,  instances  in  wiiich  tlie  portal  vein  emptied  into 
thove^a  cava  have  been  reported,  and  in  none  was  there  any  deficiency  in  the  secretion 

^  If  the  experiments  upon  the  effects  of  tying  the  hepatic  artery,  and  the  observation, 
ot  mstances  of  obliteration  of  the  portal  vein  and  of  congenital  Malformation;  n  wl  c, 
he  portal  vein  does  not  go  to  the  liver,  be  equally  reliable,  there  is  but  one  conc7u  on 
to  be  drawn  from  them;  and  that  is,  that  bile  maybe  secreted  from  eifW  T 
arterial  blood.    This  view  is  not  inconsistent  with  what  we  know  oflT  ? 
of  secretion  and  its  applications  to  the  production  of  hi  .    eI",Z^S  tt  STs 
I    an  excrementitious  fluid,  its  effete  element,  cholesterine  is  coZfZlt    ^^  ,  P"'* 

of  the  portal  vein  and  the  hepatic  artery.     £  Tec—^til  \ 
lates,  taurocholates,  etc.,  we  suppose  are  produc  d  "^rt  he  1^^"' ^ 
fornished  by  the  blood.    The  exact  nature  of  the  prodLTon  of  1  I 
glandular  cells  we  do  not  understand  •  but  there  ifno      T  °^ 
principles  necessary  for  the  formatbn  of  W  .  .  I    .  '""'"'^  '"PP°^^ 

portal'vein,  as  welf  as  by  the  heparaHe.^  ^'-^ 

.  and  the  hepatic  artery,  and  not  from  eS  of  it       V  ''''  ^^'^ 

I  may  continue  to  be  Screted"  f  eiSe  le  of  th^^^^^^  and  that  the  bile 

supply  of  blood  be  sufficient.  obliterated,  provided  the 

Quantity  o/mie.-The  estimates  of  the  daily  quantity  of  bile  in  ^h.  T, 
must  be  merely  aoDroximqHuo-  <,t„i  ^        1   -i     Huairaiy  01  Diie  in  the  human  subject 

iments  upon  the  MeiS  an  ^al's  T^m  f  '1  T  P""*  ^'''^'^  -P^ri- 
subjectare  those  ofTddrrd  SchStTl  ch^^^^  "'"''^  observations  upon  this 
t  tbe  gall-bladder,  the  ductV^lmmunl  yit^^^^^  animals  with  a  fistula  into 
vvariations  in  the  daily  quantity  in  Tff.lZ  ^  ^  observers  found  great 
nuivora  being  the  sml^  Tn  "nf  w  ^^^i-^l^.  the  quantity  in  the  car- 
tithe  amount^saboureqilto  th1'^Sn  ftyl"'?H^  ^  '^^^^'"g 
a  man  weighing  onelu1rrdrt?~^^  Z^wo  ^d  Itl^ 

m,^rZ:^^^:  Itw^f  \7  ^^-f^.-sidered,  under  the  head  of 

digestion    It  is  suSt Tn  ftis  oonni  r     T  f '"""'^  *°  ''''  «f  i^^t^stinal 

^•M  il  i,  f„i,„j         "         ,  '">"'.  ">«  K»ll-bladdet  is  always  distended  • 

:Wi.d  Jd  ,h„  ™  .         °"'  "P™  »'  '"»«  1».  been  verr  llltle 

■Id  .e„e  ol,e„.li„„.  ha,,™ In  IdZ^J       1'°"'''°",'  r"       ■J"l>»'l'etio  system. 

■"":e"lr^■"^°"»"»"™^^ 
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certain  excreraentitious  matte,  s,  is  letau 

Functions  of  the  Bile. 

......     0.  «.e 

of  "»  ligMS"  f»°«"™'       '"i .1  tie tver  eKr«t»  one  of  tbe  mo.t  .mpcfm 
we        ...o.-,  in  a™  — .S  r  1  tL  "lations  of  tb.  bile  »  .n  exeref.on, ,. 

„f  .„e  e«e  I-'f/'j'^ Ti^n  "rvro'crL  und  eom,-iUon. 

■vviU  be  necessary  to  stuuy  us  b  ' 

3„Je  between  a  C.vi;,  J«>'°«t^«'r ,Se,  rdS^--'  t J^t- Id  Int 

yellow  in  the  hertivora.  ^020  to  1026.    When  the  Inle  is  pej- 

'  The  specific  gravity  of  the  l--^'?;f.;;  Sy  undergoes  pufefactive  change.  It 
f  L  fresh  it  is  almost  inodorous,  but  it  leaauy          b  ^^^^^  by  heat.  When 

HSTSi^Tiri^tf-s^^^^^ 

---- «°^'tth  htraLts  the  reaction  is  always  al^^^ 

operations,    in  tne  nepat  j.  ^ikahne  m  au  <ji  ctron'^ly 

tinged  with  yellow,  i^iie  stains  the  animal  tissues.   ^1"^  '^^^^J  the 

;rdri:fr=:\i^s.-.»»--^^ 

circulation.  examined  with  the  microscope,  pr 

SSrl  rXtT Of  ..ob„,e,  o..  .-e.. 


Composition  of  tl^  Bile.  ^^^^^ 

tory  analyses  of  its  cnara  .  one  ol       "  ^  to  its  funo- 

tions  has  been  in  a  measure  due  to  the  ^ 
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chemistry.  We  shall  study  the  composition  of  the  bile  very  closely,  and  shall  show  that 
it  contains  two  classes  of  constituents  :  one  class— elements  of  secretion— which  is  reab- 
sorbed ;  and  another— an  element  of  excretion— which  is  discharged  in  a  modified  form 
in  the  froces.  The  latter  involves  a  newly-described  function  of  the  liver,  but  our  infor- 
mation is  much  more  positive  and  definite  concerning  it  than  with  regard  to  the  digestive 
action  of  tlie  bile.  In  treating  of  the  subject  of  digestion,  we  have  already  indicated 
some  of  the  difficulties,  which  have  been  but  imperfectly  overcome,  in  the  study  of  the 
action  of  the  bile  as  a  true  secretion,  or  a  recrementitious  fluid.  The  reason  why  the 
same  obscurity  has  prevailed  with  regard  to  the  function  of  the  bile  as  an  excretion  is 
that  physiologists  have  regarded  what  are  known  as  the  biliary  salts  as  the  only  really 
important  constituents ;  and  these  salts  have  eluded  chemical  investigation  after  the  dis- 
charge of  the  bile  into  the  small  intestine.  Our  recent  positive  knowledge  of  the  escre- 
mentitious  function  of  the  liver  is  due  to  the  recognition  of  cholesterine,  an  invariable 
constituent  of  the  bile,  as  one  of  the  most  important  of  the  elements  of  excretion. 


Composition  of  Human  Bile.  (Robin.) 

^'^^^^^'^   916  00  to  819-00 

Taurocholate,  or  choleate  of  soda   56-50  u  106-00 

Glycocholate,  or  cholate  of  soda  

Cholesterine  

Biliverdiue  

Lecithene  ^ 

llargai-ine,  oleine,  and  traces  of  soaps. .  [ 

Choline  

Chloride  of  sodium  

Phosphate  oi  soda  

Phosphate  of  potassa   O-^g 

Phosphate  of  lime   0-50 

Phosjihate  of  magnesia   0-45 

Salts  of  iron  

Salts  of  manganese  

Silicic  acid  

Mucosine  

Loss  


traces. 

0-  62  to 
14-00  " 

3-20 

traces. 
2-11  to 

1-  60  " 


0-15  " 
traces  " 
0-03  " 

traces. 
3-43  to 


2-66 

30-  00 

31-  00 


3-50 
2-60 
1-50 
1-35 
0-80 
0-30 
0-12 
0-06 


1-21 


1,000-00  1,000-00 

There  are  no  peculiarities  in  the  composition  of  the  bile,  as  regards  its  inorganic  con- 
stituents, which  demand  more  than  a  passing  mention.  It  contains  no  coagulable  organic 
Tinnciple,  except  mucosme,  and  aU  of  its  constituents  are  simply  solids  in  solution  The 
quantity  of  solid  matter  is  very  large,  and  the  proportion  of  water  is  relatively  small  •  but 
■n  comparing  its  ])roportiou  of  water  with  that  of  other  fluids  in  the  body,  as  the  blood- 
plasma  lymph  and  chyle,  milk,  etc.,  it  must  be  remembered,  as  is  suggested  by  Robin 
-  'at  all  of  these  contain  water  entering  into  the  composition  of  their  coagulable  prin- 
ciples; so  that  their  proportion  of  water,  as  it  is  ordinarily  given,  is  really  not  greater 
'tian  in  the  bile.    Among  the  inorganic  salts,  we  find  chloride  of  sodium  in  considerable 
luantity  and  a  large  proportion  of  pho.sphates.    We  also  note  the  presence  of  salts  of 
ron  01  manganese,  and  a  small  proportion  of  silicic  acid. 

A  ,1,  ""J""^  saponaceous  matters  demand  hardly  any  more  extended  consideration 

•  mail  quantity  of  margarine  and  oleine  arc  held  in  solution,  partly  by  tlio  small  m-o- 
.0  on  of  «oaps,  but  chiefly  by  the  taurocholate  of  soda.  ThUe  pAncIples  sometimes 
.ort  on  if '^'"^  "'^y  discovered  in  the  form  of  globules.  Tlie  pro- 
.tl  rs  bi  t'u "  T^<^cif.hene,  a  phosphorized  fat,  is  mentioned  by  Robin  aLd 

thers,  but  Its  constitution  is  not  definitely  settled.    All  that  is  known  of  this  prilcS 
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.  that  it  is  a  neutna  Mty  —  —  ^S:;,^:  .^^^^iJii:  3^!^  W 
deco.nposod  into  phosphoric  acid  and  glycerine.    Chohnc  P 
the  bile  in  exceedingly  minute  quantity. 

....  ...-The  P-P.^- - 

sesses  peculiar  principles  ^^  ^^^^^^^  ^^ons  into  their  properties ;  for  the  : 
follow  out  in  detail  the  eailiei  cnemicai  Thenard  are  now  known 

biliary  matter  of  Berzelius  and  the  P--"^^^^^^^^  exact  knowledge  of  these 

to  be  composed  of  several  distinct  P^  ^J^f^^jf  ^^l^r.^i^er.    He  obtained  two  pecuhar 
substances  dates  from  the  analys  s  ot  ^^^^^em.,  in  combination  with  soda.  In 
,eids,  cholic  and  choleic  acid  which  be  f^und  in  he 
the  subsequent  researches  of  Lehmann,  tuese  ^^^^^^^  of  soda, 

and  taurocholic  acid,  and  the  salts,  f  y'^^ttMro/srlTvery  small,  the  biUary  mat- 
In  human  bile,  the  proportion  of  ^^^^^^^^  tL  taurocholate  may  be 
ter  existing  almost  entirely  in  the  foi-m  o  the  ta-od^o  a  ^^^^     ^^^^^  ^ 
precipitated  from  an  alcohohc  extrac   of  U^^^^^^^^^  p^,,.pi,,ted 
drops.    These  do  not  crystalhze,  and  ^^^^  amount  oig  j  ^^^^^^  ^^^^ 
fn  the  same  way  and  -o^^-^™- f^::7;tTrsf  wa^  i^a^     obtain  any  crystaUine 
has  studied  the  biUary  salts  veiT  closely           J  ^ity. 
niatter  from  human  bile,  but  he  has  lately       Vlhether  the  resinous  drops  obtained  by 
Taurocholate  of  Soda.-Theve  is  some  ^oub  ^hett^^^^^^                ^^^^^  ^ 

the  addition  of  an  excess  of  ^^^^^^ '^J^'^-Z^t^^^^^  -'^ 
uiate  principle  in  a  perfectly  pure  state    These  drop  . ^  ^  ^^^^.^ 

led  to  the  opinion  that  they  are  impure    In  tect  even       ,  ^^^^J; 
obscurity  with  regard  to  the         cte  ofjhese  pec^^^  ^^^^^^  ^.^^^ 

non-crystallizable  and  the  crysta^^^^^^^^^^ 

greatest  part  is  in  the  form  of  what  we  know  ^     ..^ted  from  each  other  b^ 

'    These  salts  may  be  -fddy  obtained  fro^^^^^^^^  The  dry 

the  following  process :  The  bile  is  first  e^aporatea  to  y 

Silt  is  then  extracted  with  ^^^^^^^^^^^J^'^^^  of  alcohol.  The  filtered 
Dr  Dalton  uses  five  grains  of  the  dry     ^^"^  *°  ,  coloring  matter,  in  addition  to 

?;id  is  of  a  clear,  yellowish  color  an^    — ^1°  quantity  of  ether  is  added 
the  biliary  salts.    To  precipitate  ''^"^^g^olves  by  agit  Another  small 

which  produces  a  dense,  white  P-^P^^^^  produced  is  dissolved  by  shak- 

quantity  of  ether  is  again  added,  and  th^^-^^^^^^^^^       /  and  shakmg  the 

L  the  mixture.    This  process  is  -^^P^'^*,"^^^^^^^^  An  excess  of  ether- 

"fxture  after  each  step,  until      ^^^^12^^^^'^^  "-^"'^  ""''^'^r'^ 
from  eight  to  ten  times  the  bulk  of  t^e  alcohohc  erystaUize.  Graduahy 

.      tube  or  flask  is  carefully  corked,  and  he  mixtuie      ^^^^^^     ^^^^^^^^  , 

-^^0  separate  .e  bUiary  s.ts  from  each  f-^:^^^^:^ 
crystal  ine  and  resinous  residue  J- ^  j^^;  1^^^^^^^^  and  precipitated  in  the 

oLion  of  a  little  acetate  of  lead,  the  S  ^^"^^^^^^^^^^^^       i„tion.    The  glycochc^a t  o 
form  of  glycocholate  of  lead,  leaving     %*;^"'°2^^,,te  of  lead  is  added  to  the  filtorecl 
Ld  is  thJn  separated  T  ^'l^fthe  t  i-ocholate  of  lead  is  precipitated 

fluid.    This  decomposes        taurocholate  and  t        ^^^^^^^^^  taurocholate,  bnt 

The  subacetate  of  lead  will  decompose  both       g  y 
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the  glycocholate  only  is  acted  upon  by  the  acetate  of  lead.  The  glycocholato  and  the 
taurochohite  of  lead  are  then  carefully  washed  and  treated  separately  with  the  carbonate 
of  soda,  which  gives  the  original  salts  in  nearly  a  pure  state. 

The  taurocholate  of  soda  is  a  proximate  principle  of  the  bile;  and  it  is  not  necessary 
to  describe  fully  in  detaU  the  purely  chemical  processes  by  which  it  is  decomposed 
With  a  little  care,  the  taurocholic  acid  may  be  obtained  in  a  state  of  tolerable  purity  and' 
by  prolonged  boiling  with  potash,  it  may  be  decomposed  into  a  new  acid  and  taurine 
Some  confusion  exists  in  the  books  about  the  name  of  this  new  acid.    Strecker  calls  it 
choleic  acid,  and  he  applies  the  name  of  cholic  acid  to  what  we  have  described  as  glyco- 
chohc  acid.    As  we  have  adopted  the  nomenclature  of  Lehmann,  we  shall  call  it  cholic 
:  acid.    It  must  be  remembered,  however,  that  these  substances  are  formed  artificially  and 
:  are  not  true  proximate  principles.    They  have  been  described  in  explanation  of  the  name 
1  taurochohc  ac.d,  which  has  been  applied  to  this  acid  on  the  assumption  that  the  different 
1  bdiary  acids  are  formed  of  cholic  acid  united  with  taurine  or  other  basic  substances 

If  human  bde  be  treated  in  the  manner  just  described,  frequently  no  crystalline  mat- 
.  ter  IS  obtained,  and,  when  it  exists,  it  is  in  very  smaU  quantity.  The  great  mass  of  the 
I  precipitate  is  composed  of  the  taurocholate  of  soda.    This,  when  it  has  been  thoroughly 
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Fio.  m.-Crystals  of  glycooholaU  of  soda;  magnifleA  100  diameter,.  (Eobln.) 


"^Us  mdi7wiH  tr'f.  f  ""^'7.^^^  f  "1^1^  -  water  and  alcohol,  and  insoluble  in  ether 
ar  swee  ill       f1     1'"'^ -nflammable.    Its  reaction  is  neutral.    It  has  a  p  c'  ' 
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in  tho  solution  of  cliolestevme.  „p,_„,„rilv  described  the  process  for  the  extraction 

OlycocMate  of  So^a.-We  ^^a-  -^^^^^  ^he  taurocholate.  The  glycocholate  .h 
of  the  glycocholate  ot  soda   n  '^^^^f^^        ^^^.^^  Tho  cheiBical  pom  s 

crystalhzable.  and  is  more  easily  o^t'^'^t'^^"  .lycocholate  is  precipitated  by  the  acetate 
of  difference  between  these  salts  a  e  that  the  g^y  ocU  P         ^^^^  taurocholate  of 

of  lead  as  weU  as  the  ^^^^^^  sulphur.    By  treating  glycochohc 

&u::^s;:ri;i»-^ 

c         There  can  be  no  doubt  that  these  principles  are  ele- 
Origin  of  the  BiUary  in  the  substance  of  the  hver.    In  no 

xnents  of  secretion  and  are  Pr«^';°J.f,7/;;;blood  in  health  ;  and,  although  they  pre- 
iBstance  have  they  ever  ^^^fof  the  constituents  of  the  urine,  they  have 

sent  certain  points  of  resemb  ance  ,y  MUller,  Kunde,  Lehmann,  and 

never  been  found  in  the  excreta    In  ex^^^^^^^  ^^.^^^  ,„,^i^ed  severa 

Moleschott,  on  frogs,  in  w  nch  *e  l^x         -mo  ^^^^^^  ^^^^^^  ^.^^^^^^^ 

days,  and,  in  the  observations  of  ^o^eBchott  b  t  _^       ^^^^^    ^^^^^  ^ 

i,„possible  to  determine  the  a-.^^"-lat>on  o  tl  e^bU    7  ^^^^^^  disassimilation. 

reason,  therefore,  for  suppoB^i^S  ^^Ll  rdeC  certain  changes  and  can  no  longer  be 
Once  discliarged  into  the  ^-^^^^^^^^^^^^^^^^  ,l,own  that,  changed  or  unchanged, 

--^'^lyZ^TZ:r7L..    They  are  probably  the  elements  con- 


recognized  by  tue  u«uai  . 
they  are  absorbed  with  tbe  elements  o  food 
cerned  in  the  digestive  function  of  the  bde. 


•   1  oco       n  iTipmoir  on  a  new  excretory  func- 
^A.Z.^.W..-Before  the  V-f^f^^n  -^JS^^^^^^^^  k.own,  and  this  sub 

tion  of  the  liver,  the  function  and  As  we  believe  that  it  must 

stance  was  hardly  mentioned  m  most  ^ J^^^  ,,a^ets  of  disasshnilation,  it 

now  be  recognized  as  one  of  f^^J^^^^'^X^^^^^^^^  more  closely, 
becomes  interesting  and  important  to  J^^dy^ts  pi  P  ^^^.^^^ 

Oholesterine  is  now  recognized    J^^^^^^^  '  ^^^^^     the  bile,  blood,  liver,  nervon 
fluids  of  the  body.    Most  authors        J^^^^^^^^^^  ^.^ve  found  it  in  all  these  sitna. 

tissue,  crystalline  lens  meconium  ,,,,       exist  normally,  being  trans 

r;r:i^otr:SSt:;:^^-^  - -Sirtt  by  virtue  of  what  CO. 

'"Z  the  fluids  of  the  body,  f^^'^^'^'-ZllTon^^^^  entirely  settled.  It  is  stated 
stituents  it  is  held  in  this  condition,  is  a  ^^^J.terine  in  solution  in  the  bile,  and 

that  the  biliary  salts  have  the  power  o  hoW^S  cho  ^^^^^^         ^^^^^.^^  tliat 

Hmt  the  small  amount  of  fatty  acids  contained  1°  ^^^^us  substance  and 

flu  d         direct  experiments  on  this  point  -  -^trng.    In  t  ^^^^^  ^^^^^^^^  ^^^^.  ^^ 

in  th;  crystalline  lens,  it  is  "^'J^  f^f  jtt^  ^e  intestinal  canal,  when  t  is  no 

to  make  up  these  tissues.    After  it  l^f^^f^^^^^^^  form,  as  in  the  meconium  and 

„to  of  the        ccept  ftat  ot  »pon,flc.t,on  »   .        •  ,„<„„k 
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sulphuric  acid,  it  strikes  a  peculiar  red  color,  which  is  mentioned  by  some  as  characteristic 
of  cliolesterine.  We  liave  found  that  it  possesses  this  character  in  common  witli  tlie  so- 
called  seroliue. 

Cholesterine  may  easily  and  certainly  be  recognized  by  the  form  of  its  crystals,  the  char- 
acters of  which  can  be  made  out  by  means  of  the  microscope.    They  are  rectangular  or 
rhomboidal,  exceedingly  thin  and  transparent,  of  variable  size,  with  distinct  and  generally 
regular  borders,  and  frequently  are  arranged 
in  layers,  with  the  borders  of  the  lower  stra- 
ta showing  through  those  which  are  super- 
imposed.   This  arrangement  of  the  crystals 
takes  place  when  cholesterme  is  present  in 
considerable  quantity.  In  pathological  speci- 
mens, the  crystals  are  generally  few  in  num- 
ber and  isolated.   The  plates  of  cholesterine 

.  are  frequently  marked  by  a  cleavage  at  one 

1  comer,  the  lines  running  parallel  to  the  bor- 

I  ders ;  and  frequently  they  are  broken,  and 

I  the  line  of  fracture  is  generally  undulating. 

i  Frequently  the  plates  are  rectangular,  and 

.'Sometimes  they  are  almost  lozenge-shaped. 

1  It  is  by  the  transparency  of  the  plate.«,  the 

{parallelism  of  then-  borders,  and  their  ten- 

c  dency  to  break  in  parallel  lines,  that  we  rec- 
ognize cholesterine.    Crystals  of  cholestei  •ine         '^^'^•—Cholesterine  extracted  from  the  bile  ■  i  inclt 
melt  at  293°  Eahr.,  but  they  are  formed  again 

when  the  temperature  falls  below  that  pomt.    The  determination  of  the  fusing-point  is 
one  of  the  means  of  distinguishing  cholesterine  from  seroline,  which  latter  fuses  at  90°  8' 
Without  considering  in  detail  the  processes  which  have  been  employed  by  other 
.observers  for  the  extraction  of  cholesterine  from  the  blood,  bile,  and  various  tissues  of  the 
l^body,  we  shaU  simply  describe  the  method  which  has  been  found  most  convenient  in  the 
rvarious  analyses  we  have  made  for  this  substance.    In  analyses  of  gall-stones,  the  process 
IS  very  simple  ;  all  that  is  necessary  being  to  pulverize  the  mass,  extract  it  with  boiling 
alcohol,  and  filter  the  solution  while  hot,  the  cholesterine  being  deposited  on  cooling 
m  the  crystals  be  colored,  they  may  be  redissolved  and  filtered  through  animal  charcoal, 
fcmf  1    r  J  u      T  "^^^'l  ^'th  fatty  matters,  that  its  isolation  is  a  matter 

Of  any  difficn  ty    In  extracting  cholesterine  from  the  blood,  we  have  operated  on  both 
Mfte  serum  and  clot,  and,  in  this  way,  we  have  been  able  to  demonstrate  it  in  greater  quan- 

Sf  V  n     •        ^  '^"^  employed  only  the  serum 

une  tollowing  is  the  process  for  quantitative  analysis,  which  was  fixed  upon  after  a 
mum ber  ot  experiments:  , 

The  blood,  bile,  or  brain,  as  the  case  maybe,  is  first  carefully  weighed,  then  evaporated 
a,yne.ss  over  a  water-bath,  and  afterward  pulverized  in  an  agate  mortar.    The  powder 
stnen  treated  with  ether,  in  the  proportion.of  about  a  fluidounce  for  every  hundred  grains 
^Lalir'^r  T.'*^^-'  ''T         ^"'"^^^     twenty-four  hours,  agitating  the  mixture  occa- 
>51terln  1   y  "         ^^P^'-^*°'i      filtration,  throwing  a  little  fresh  ether  on  the 

lY  th?fl    1  ^"'^''^  ^'■'^'^         ^"t'       the  solution  is  set  aside  to  evaporate 

.8  addo  °-'Pf y.*!^'^  1''°°^'  1>^^«  carefully  dried  and  pulverized,  when  the  ether 
■was  evani         ?v  ^^'^       l'"""^"''  '^"^^  P^^etrates  every  part.    After  the  ether 

^•1^0,  '  ^  1 '  T'"'^"'^         '"""^^  mori\ou  of  about 

vhile  h!f   .  °^       °"«'"^1  ^^'f-**      tl^e  .^pecimen  filtered 

.ot  whl  T    ^'^t'-'l'-^-'l'^^^'  ^'^^^  to  evaporate  spontaneously.    To  keer'tlu^  flu  d 

-  or,  as  the  filtration  is  generally  rapid,  the  tunnel  may  be  warmed  by  plunging  t 
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.of  M.    Thif'  wo  remove  by  saponmcauou  w  , 

iinain  in  contact 

a  moderately  strong  solution  of  caustic  P^^^^  r'J"^^;^^^^^  U  is  best  to  beat  the 
witl.  the  residue  for  one  or  two  ^^''^  J  ^  J^^^J^V^  b^^^^^^^^  analyses  of  the  blood 
mixture  to  a  temperature  a  ^'^^^^  J^^^"  ^^Jf  ited  witJ  distilled  .ater, 

this  is  not  necessary,    l  e  n^x^^^     .^^^^^^^  passes  through  i» 

thrown  upon  a  small  filte  ,  and  tlioiougu  y  ^^^.^  through, 

neutral.  We  then  dry  the  filter  --^Jl;'^l''^^J^^^^^  r  ,idue  extracted  with 
dissolves  out  the  cholestenne.          f^^^  ted  onTX^^^^^^       previously  weighed,  and 

—n^  -  --^  «^ 
-^^i:::sr^:;^r^^smay  be  -ti=:^-rs:^e^s^^ 

tals  have  so  distinctive  a  form  that  it  is  ^^^f^^^  ^rtSs  analysis  quantitatively,  it  is 
that  the  cholesterine  is  perfectly  pure.   .^"^^  ^.^^'^.^  ^J^^^Jt,  J^;^ 

necessary  to  be  very  careful  in  ^^^f^  b^^^^^^^^^  ^^'"'-"^  ^^^^ 

such  minute  .luantities,  an  accurate  and  dehcate  bala     ,      '  ^.^^  ^^^^^ 

the  thousandth  of  a  gramme,  carefully  ^^J^     '  aetertnined  with  perfect 

tions,  the  quantity  of  cholestenne  m  any  ^^^J^  ^7^^^^^,  ,,,eeding  fifteen  or 
accuracy;  and  the  estimate  ^J^'^elound  it  necessary  to  pass  the  first 

twenty  grains.    In  analyzmg  the  b  am  and  bUe  ^^^^  ^^^^^.^^ 

ethereal  solution  through  animal  f '^^^^f '  \° ,ther  until  the  solution  which 
In  doing  this,  the  charcoal  must  be  ^.l^'^^l^^J  '^^^^^  are  the 

passes  through  is  brought  up  to  the  ong  nal^^^^^^^^  ^^^^^ 

not  necessary  to  subject  it  to  the  action  of     alkali.  ^^^^^^ 

:r  tTorfo^  tl  :~;er  t— .^^  examination  of  the  buman 
tf  r/tbe  ;™;o;Jn  O.  S  of  a  part  per  t—  ^^^^ 
■                   ^^ttlSlTeL"^^^^^^^  and  ;e  shall  consider 

^........-Thecolorlngmatterofth^bile^b^-^^ 

ing  matter  of  the  ^]oo^  ;f  ^^^^Z^^  l^^^^^^^^  ^ro.ertj  of  coloring 

to  the  bile  its  peculiar  tint,  and  ^as,  as  we  l^He  is  seriously- 

the  tissues  with  which  it  comes  in  con  act    Wheneve  ^^^^^^ 

obstructed,  the  coloring  matter  is  ^bs-^e<i  by  tbe  W^o  ^^^^  ^                     the  bil" 

t  ;f u;^-tt^:i: — -  ^^^^  — 

i  t  Xr'ally  in  the  form  of  pigmentary  ,,,,  ,f  Hme.    The  filter 

This  principle  is  precipitated  from  the  bile  ^J^^^^,  unites  with  the  lime  and  leaves 
residue  is  then  decomposed  with  ;  l^^^t  by  repeated  washing 

a  fatty  residue,  of  an  intense-green  -^l^-  J    The  precipitate  is  then  redissolved 

with  ether,  which  is  a  very  long  ^^f^^ZT^,,^  a  bluisb-groen  color,  and  leave, 
m  alcohol  with  ether  added,  winch  gives  J  .^.^^^       its  proportion 

after  evaporation,  a  dark-green  P^^^-^^^^^J.^  obtained  is  insoluble  in  water  and 
has  never  been  accurately  estimated.    Ihe  '1^^'^;°'  .         i,y,lrochloric  acid, 

irclroform,  but  it  is  soluble    ^^^^^^^^^^^Z  investigations  which  have 
It  is  unnecessary  to  follow  out  in  detail  all  oi 
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been  made  into  the  ultimate  composition  and  the  modifications  of  this  and  the  otlier  col 
oring  matters.  Recent  researches  have  shown  that,  in  all  probability,  the  coloring  matter 
called  bihverdme  is  a  mixture  of  several  distinct  coloring  principles,  and  that  these  ranidlv 
change  m  contact  with  the  oxygen  of  the  air;  so  that  there  is  considerable  uncertaintv 
with  regard  to  the  ultimate  composition  of  these  and  other  substances  of  the  same  class. 

Tests  for  Bile.-lt  is  frequently  desired,  particularly  in  pathological  investigations 
to  nscertam,  by  some  easy  test,  the  fact  of  the  presence  or  absence  of  bile  in  variou^ 
of  the  fluids  and  solids  of  the  body.  It  is,  indeed,  a  most  interesting  physiological  qies 
tion  to  detei-mme  the  course  and  destination  of  the  biliary  salts  after  the  bile  fas  passed 
nto  the  intestinal  canal ;  and  this  can  be  done  only  by  the  application  of  appropriate 
tests  to  the  contents  of  the  alimentary  tract  and  the  blood  of  the  portal  system  The 
mgredients  of  the  bile  which  it  is  important  to  detect  are  biliverdL,  L  b  W  sals 

the  method  which  we  have  just  described  for  its  extraction  ;  but  several  tests  have 
proposed  for  the  detection,  on  the  one  hand,  of  the  coloring  matter  of  the  Mle  lm^  o" 
the  other,  of  the  peculiar  biliary  salts.  '  ' 

J^''*/'''- ^^^i^^rdine.-There  is  one  test  so  simple  and  easy  of  application  that  if  nln. 
suifice  for  the  prompt  detection  of  biliverdine.    This  is  pecXrlv  Zlic.hl^V 
urine^  where  the  presence  or  absence  of  bile  frequently  becom^:;  mport  n  fu t  io^^^ 
..ol  'T"^'  *°  '"^P^*^*  °f  the  fluids  of  the  bodrby  their 

be  present  in  any  fluid,  and  if  there  be  not  a  large  admixture  of  anTm  J  m'X  .3^  tet 

Sto  P^^P"^'^"-  '         -  delicatT  x"Sons  i? 

t^te  ^ -rr^  f.-P-t«d  "quid,  extract  the  residue  with  absolute  alcoho  piJdp 

tate  T^ith  ether,  and  dissolve  the  ether-precipitate  in  distilled  water    Bv  thi.  \;l„ 
;  clear  solution  is  obtained,  which  will  react  ktinctly,  even  whin  the  bnCrv  sahs  exi  1 
'   vJrTe  :S  r"'^'^  Pettenkofer's  test  is  appHcab^;  to  any  of  th^bif^r;!  V^^^^^ 

nters  into  '  '    .     T,? °"  "P'-^^^^^^  of         acid  which 

enters  into  the  composition  of  all  the  varieties  of  the  biliary  acids.  ' 

T  To  the  In  T".  °^       "^"'^  '^^t^'^^^  of  ^D>l>loying  Pettenkofer's  test- 

^at      sZSo      !'"\r        ^        ''''''      '  of  cane-sugar  n 

^'  buTk  of  tt  f      f  '  n  '^'^^^  '"^^'"^^  «=^tent  of  about  two-thirds  of  the 

!  sh  11  he  lu t  S         r  '-^r T'^'^'^'  *°       ''''  ^^^^^  «lo-ly'  «o  that  the  temperatl 
sbo  21'  7        r"  '''"  '^'^^""'^  °'       ^'I'^'-y  ^'^Its  be  present,  a  r  d  fob 

■■thr2 ,  So  f'^.^^t  immediately  at  the  bottom  of  the  test-tube,  ani  this  oon  extend 
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„..e,e.  U.e  actio,  of  th.  " "Ctcr'  Ji;" 

recommend  to  »ld  Ww;ftlS  S  ite  volume  of  .ulpburic  .cW,  drop  into  tb. 

some,  after  adding  to  the  M"'''  '7;"^^'^^^^^  a-,  e  reaction  with  th.  biliary  .alts  i.  cssen- 
Sr.t:rr:Mc'i=  o1  treSbod.  b.  em,o,ed. 

Excretory  Function  of  the  Liver. 

,„  ,30,  in  stnd,in.  ^-:zr,tis:^:^'^^^r 

far  as  we  know,  they  have  no  been  repeated  '^^"^^^J^^^  ,^^itted,  and  they  have 

niust  bo  taken  as  positive,     the  aecu  acy  ot  th^^-V^l  ,,,,^3  of  these 

been  adopted,  to  a  greater  or  ess  ^^^^^^^'.^f^^arc^^^^        in  the  original  memoir.' 
experiments  are  too  elaborate  to  be  S-en  m  fu U  as  co^^J  ^„  in  works 

'The  few  statements  wxth  -gaxd  to  the  f-^^^^-^  this  substance 

pubhshed  before  1862  are  very  i'^^"  ™  ,  eurious  principle,  interesting  only 
I  hardly  mentioned,  t  bemg  generaUy  ^ J^^^f  «  to,  extracts  from 

to  the  physiological  chemist.  ^^^^^^  and  Dalton,  which  contain  aU  that  is  sa^d 
the  works  of  Carpenter  Lehmann  Midhe  a^^^^^  ,  J  these  quotations,  whicl.  embody 
with  regard  to  the  probable  function  of  c^^^^^^^^^^  .^^  ^^^^  in  the  least 

^bout  all  that  we  could  find  on  ^^^^  ^^^f  excrementitious  principle  as  yet  dis- 

nnderstood.    Inasniuch  as  ,^  .  ^^^^tMs  Juid  that  nrea  does  to  the  nrine  it  is 

covered  in  the  bile,  bearing  t^^^^'^^'^^^tXr  gani  to  any  excretory  function  of  the  hver, 
evident  that  the  1^^^^.°  P.^^f  tof"*       t^^^^^^^^    of  cbolesterine  had  been  determmed 
must  have  been  very  indefinite  ^^f^^^J^^./'ftriiver  has  any  excretory  function.  Some 
The  first  question  which  arises  is  '^^^^^titious  and  has  no  function  as  a 

authors  have  assumed  that  the  ^^1/ «  diruLd  «^^^ 

secretion.  This  question  we  have  f-^^y^^^™  ^^-^  i^t  has  been  due  to  the  fact 
,tion.  The  confusion  that  has  arisen  w^  '^.Xw  as  simply  an  excretion  denied  to  it  any 
that  those  who  adopted  the         f  who  helieved  it  to  be  concerned  in 

•digestive  properties ;  whde,  on  he  ^^^^^ ^^^^J^^.^^^  We  have  shown  conclusively,  m 
digestion  would  not  admit  tha  it  wa  ^I'^^lf^^^^.,,,,,,  thisprocess  as  to  be  essen- 
treating  of  intestinal  digestion,  t^^^       ^  ^^^^^  hat  the  liver  eliminates  from  the  , 

tial  to  life;  but  we  have  shown  -^y^^;;^;^; '^f  disasshnUation.  It  w  1  be  found  . 
Wood  one  of  the  most  ^-^^^^'^^'fj^^^^^^^  of  the  bile,  to  apply  to  this  fluid  the| 
important,  as  bearing  upon  the  P^«^f    ™  excretions.  ,  ^     . .  , 

general  law  of  the  distinctions  between  ^^J^f^^' ^^^j^.turing,  out  of  materials  furmshed 
^    CeUs  of  glandular  epitheUum  are  ^J^^.'^"  ^  Aese  e  ements  do  not  preexist  m 

.y  th  'blood,  the  elements  of  the        ^^^^^^^^^  never  accumulate  in  tbe 

the  blood,  they  appear  de  now  in  the  f  ^'^^^"'f         '  ^.^ed.    Again,  the  true  secretions 

:-arnn:t«"r;» 

.,,,,„,.,,,K.^-...-— ^^^^^ 

tU  Medical  Sciences,  ri>l"'<l«'P^"i;^^"V 
„„s  nouvelUfonciion  d^i/ote,  Paris,  180S. 
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late  in  tbe  blood  when  their  formation  in  the  liver  is  disturbed.  The  rescarclies  of 
J3idder  and  Schmidt  and  others  have  shown  that,  although  we  cannot  detect  the  biliary 
salts  m  the  blood  or  chyle  coming  from  the  intestine,  these  priuciples  are  not  discharged 
in  the  fffices.  All  of  these  facts  point  to  an  important  function  of  the  bile  as  a  secretion 
It  IS  true  that  it  is  discharged  constantly,  but,  during  digestion,  its  flow  is  very  much 
more  abundant  than  at  any  other  time.  It  is  pretty  well  established  that,  during  the 
intervals  of  the  flow  of  the  secretions,  the  glands  are  manufacturing  the  materials  of 
secretion,  which  are  washed  out,  as  it  were,  in  the  great  afilux  of  blood  which  takes 
place  during  what  has  been  called  the  functional  activity  of  the  gland.  Now,  if  the  liver 
in  addition  to  its  function  as  a  secreting  organ,  be  constantly  forming  bile  for  the  purpose 
of  eliminatmg  an  excrementitions  matter,  it  is  to  be  expected  that  the  bile  would  al^ 
ways  contain  a  certain  proportion  of  its  elements  of  secretion 

re^a^rd'trtfr*  ^^^^^.^^^^^^^^  Presence  of  cholesterine  in  the  bile  assimilates  it  in  every 

Zys  Lts  inTe  hZd  V  CholesterinI 
mways  exists  m  the  blood  and  m  certain  of  the  tissues  of  the  body.  It  is  not  produced 
n  the  substance  of  the  liver,  but  is  merely  separated  from  the  blood  by  throrgan  It 
Z  CT  '^lZoTf  the  intestine,  and  is  discharged,  although  in  a  modified  fo^,  L 
tbe  teces.  We  know  of  no  function  whieh  it  has  to  perform  in  the  economy  any  more 
SSwnTth  '''"7'?'  excrementitious  principles  of  the  urine;  and  wl  hi 
7nZ%  memoir  already  referred  to,  that  it  accumulates  in  the  blood  in  certdn 

cases  of  orgamc  disease  of  the  liver  and  gives  rise  to  symptoms  of  blood-porning. 

t^.iT"'"-^,  ^^^'^'^f'^^i^e-GholeBtevme  exists  in  largest  quantity  in  the  substance  of 

MIe  con?  '1  ^'^'^  '""^^^  '^"^^'--^^  of  the  /ver-probab  y  in  the 

bile  contained  in  this  organ-the  crystalline  lens,  and  the  spleen;  but,  wfth  the  e  xcep 

Srlli-d  to  it:?  "  -T^  r  -^-^  i-sent  tlemse  v  : 

iCfZed  in  ft  r'""-    1  tl^e  blood,  or 

can  1  °  ^""^  This  is  a  question,  however  which 

brl  K  ^^P^f'^^^t^lly,      analyzing  the  blood  for  cholesterine  as  it  gl  'tr  he 

bram  by  the  carotid  and  as  it  comes  from  the  brain  by  the  internal  jugular    The  cho 
stenne  being  found  also  in  the  nerves,  and,  of  course,  a  large  quantiiy'oTnervou  ,^at' 

JZ'iZjf  'J'"  "^-'^''^  experiments: 

fhJ^r  ^      ;  '  experiment,  specimens  of  blood  were  taken  from  the  carotid 

S  an  rauf^^^^^^^  cava  hepatic  veins,  hepatic  artery,  and  portaHdn  in  a 

he  Tai  bk  1^    r  "'^  TT""'  ^«  t""'^  ^  «P^°i^^^  of  Me  from 

rined  t.  i  ,  '  T  '^"^''^^^^  of  the  brain.    These  were  aU  carefully 

t  rine  wt  ?°^f  .^^'T'  '^"^  ^^^^       "•^i^  '^'^'^  ■■      tl^e  brain,  choles- 

b  od  frn^  r     Vr'"  'l"''^*''^-    ''^^'•^^^^  °«  cholesterine  in  the  extra  t  of  Sie 
cToW  '  'T''^'^  '''''''  ''^^^         '^"^       -        "Tstals,  eleven  day 

tt?  nternnf    "r  ^^-^^^i'-^tely  discovered  in  the  extract  of  the  blooS  from 

In  t  '  ^'^'l       crystals  were  present  in  large  numbers  on  the  twelfth  da^ 

t  on  of  1,  ^  f  "^^^  quantitative.  In  the  succeeding  experiments  the  nrono^ 
most  oft  ^       ''^^^'^'^^  «f  blood  was  accurately  e stima  d  anTl" 

most  of  them,  no  anc-esthetic  was  used  during  the  operative  procedure  '  ' 

thetS™aiirv'~f  ™f  ^"-r^'l  "^'^1*  P"t  ^der  the  influence  of  ether  and 

drlw^  «  .  .    ^  '  ■'"Snlar,  and  femoral  vein  exposed.    Specimens  of  blooS 

d  awn  fi     irom  the  internal  jugular,  next  from  the  cu-otid,  and'  la™  from  the  feJ^^^^^ 


EXCRETION. 

Quantity  of  blood.        Ch°les'»rlno.  ^ 
grains.  Vaim^ 
179-462  O'lov 

Carotid   134.^80  0-108  0-801 

Internal  jugular   ^gg.ggg  0-108  <i488 

Femoral  vein   •  ••  •.  ■^■^^      ^lar  over  the  arterial  blood.  

passage  through  tl,«  bram,        ™    «r.mity.   To  facilifto  the  operntioD,  however, 

the  animal  was  hrought  'r''''''fl^ZjZ  some  temporary  Jistarhanee  in  the  nntn- 
npon  the  brain,  «0.1d  not  ■»I>'**^  "^"tTJ^^^^  „ltl,  the  e.perin,ent.    For  the  p.r- 

;fset,:^»~T:^^^^^^^^^^^^ 

-•'2;:=:irAsma,,,,on...o.wa.^^^^^^ 

nal  jugular  and  earotid  were  exposed        ™  „,„  „p„„  the  same  side  ,-.s  then 

jugilar,  and  after«.-.rd  fronr  l,he  caret  d    The  amo.a  1^^ 

Uosed.  and  a  sped,nen  ^ SetHa.  used,  so  that  the  hlood  was  drawn 

rttird»ts  - 

The  three  specimens  were  analyzed  foi  ^^^^^^^^^^ 

Quantity  of  Wood.  1,000  pts. 

o-fiM  0-967 
143-625  0  6<9 

Carotid   29-956  0-046  1 

Internal  jugular   _       ^g.Qgg  0-046  '^^^^^ 

Femoral  vein  r  \\"  \  '.''J,  'thV  iueular  over  the  arterial  blood.  

^.,„:»»UV.-A  large  and  power.,  dog  — 

Z.  ThJ  foWing  results  were  ohta.ned:  ^ 

Quantity  Of  Hood.        ^  1,000  pts. 

n-10s'  0-768 
.    140-847  0  108  ^^^^ 

Carotid  _  _  _      97.8II  0-092  ^^^^^^ 

Internal  jugular  ' 'csin.r  tliroun-h  the  brain  

„,  „t„,.«erin.  iu 

Experiment  III.  shows  a  very  co.sider.He  ,nere«e^.^^^^^  rmpa«ti,el,  slight  in  the 

first  instance  the  increase  was  but  3  4««  1  ,         q  to  the  ori- 

nho  natural  conclusions  to  he  drawn  from  ^jl^^^^^f  '^l^ 
gin  of  cholesterino  in  the  f--^^^^Z.  on^^Zlr.co,  which  is  found  m  hardly  any 
brain  and  nerves  contain  a  large  quantity  of  this 
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other  of  the  tissues  of  the  body ;  and  these  experiments,  especially  Experiments  III.  and 
IV.,  show  that  tlie  blood  that  comes  from  the  brain  contains  a  much  larger  quantity  of 
cholesterine  than  the  blood  supplied  to  this  organ. 

The  conclusion  is,  then,  that  cholesterine  is  produced  in  the  brain  and  is  taken  up  by 
the  blood  as  it  passes  through  this  organ. 

But  the  brain  is  not  the  only  part  where  cholesterine  is  produced.  It  will  be  seen  by 
Experiment  II.  that  there  is  4-134  per  cent.,  and  in  Experiment  III.,  6-308  per  cent  of 
increase  m  cholesterine  in  the  passage  of  the  blood  through  the  inferior  extremities 
and  probably  about  the  same  in  other  parts  of  the  muscular  system.  In  examining  these 
tissues  chemically,  we  find  that  the  muscles  contain  no  cholesterine,  but  that  it  is  abun- 
dant m  the  nerves ;  and,  as  we  have  found  that  the  proportion  of  cholesterine  is  immense- 
y  increased  in  the  passage  of  the  blood  through  the  great  centre  of  the  nervous  system 
taken  as  the  specimens  were,  from  the  internal  jugular,  which  collects  the  blood  mainly 
from  the  bram  and  very  little  from  the  muscular  system,  it  is  very  probable  that,  in  the 
general  venous  system,  the  cholesterine  which  the  blood  contains  is  produced  in  the 
substance  ot  the  nerves. 

If  the  above  conclusion  be  correct,  and  if  cholesterine  be  one  of  the  products  of  the 
disassimilation  of  nervous  tissue,  its  formation  would  be  proportionate  in  activity  to  the 
nutrition  of  the  nerves;  and  any  thing  which  interfered  to  any  great  extent  with  their 
nutrition  would  dmimish  the  quantity  of  cholesterine  produced.  In  the  production  of 
urea  by  the  general  system,  which  is  analogous  to  the  formation  of  cholesterine,  mus- 
cular activity  increases  the  quantity,  and  inaction  diminishes  it,  on  account  of  their 
influence  upon  nutrition.  In  cases  of  paralysis,  we  have  a  diminution  of  the  nutritive 
forces  m  the  parts  affected,  especially  of  the  nervous  system,  which,  after  a  time,  becomes 
so  disoi^anized  that,  although  the  cause  of  the  paralysis  be  removed,  the  nerves  cannot 
esume  their  functions.  It  is  true  that  we  have  this  disorganization  taking  place  to  a 
certain  extent  in  the  muscles,  but  this  is  by  no  means  so  marked  as  it  is  in  the  nerves 
We  should  be  able,  then,  to  confirm  the  observations  on  animals  by  examining  the 

TllZZfrrr"'  '^"^^'^  '°  ^^-^  ^vc-y  marked  difference  in 

the  quantity  of  cholesterme,  between  the  venous  blood  coming  from  the  paralyzed  parts 

S  he  Mood  ?    Z  1  ^^"^  -e'made  anafy 

of  the  blood  from  both  arms,  in  three  cases  of  hemiplegia : 

Case  I.-Sarah  Rumsby,  jet.  47,  was  afl:ected  with  hemiplegia  of  the  left  side  Two 
years  ago  she  was  attacked  with  apoplexy  and  was  insensible  for  three  days  When  she 
recovered  consciousness,  she  found  herself  paralyzed  on  the  left  side.  She  said  she  had 
epilepsy  four  or  five  years  before  the  attack  of  apoplexy.  Now  she  has  entire  paralvsis 
of  motion  of  the  affected  side,  with  the  exception  of  some  slight  power  over  the  finders 
but  sensation  IS  perfect.  The  speech  is  not  affected.  The  general  health  is  good 
Fonr       It       1^"'°'''  ^'''^^        ''^'''^''^  ^'^^^  hemiplegia  of  the  right  side 

with  r  /  "^1  "  ""T  '"''^'^  'P"P^^^^'  ^^'^  ^^'^'^  i-^^o^^^^d  in  one  day 
vith  loss  of  motion  and  sensation  of  the  right  side.  She  is  now  improving  and  can  use 
h  nght  arm  slightly.    The  leg  is  not  so  much  improved,  because  she  will  make  no  eftbrt 

sui/'^'IPT^^^^^™,®""'^'"'  "ff^^t^^  ^'tli  hemiplegia  of  the  riff],t 

the  ne:,t  day,  with  paralysis.  The  leg  was  less  affected  than  the  ai-m,  from  the  first 
emboli"  21  "Tr'  ^r"'^  ^'^^  '^"^"'^■"^  P^^-'-'     C^e  to  l 

somewhat  iS^ord  '"  "  "  ''''         ^^^^  1- 

These  cases  all  occurred  at  the  Blackwell's  Island  Fosnif-nl     r^.^  +  . 

A  small  quantity  of  blood  was  drawn  from  both  arms  in  these  three  cases.  It 


was 


454 


EXCRETION. 


a„.„  f,.o.  the  pa™.,»d  ,.d.,  i«  -  i-'-c.  .itl  great  and  b»t  .  .n,a» 

quantity  could  be  obtainoil. 


The  specimens  were  all  examined  for  cbolesterme,  w 


ith  the  foUowing  results : 


Case     I.  Paralyzed  side 


Do.  SounuBiae. 

Case   II.  Paralyzed  side. 
Do.       Sound  side . . . 

Case  III.  Paralyzedside 
Do.      Sound  side . . . 


Blood. 

Cholesterine. 

rn^nlfiRterine  T)er  1,000, 

Grains. 

55-458 
128-407 

Grains. 
.... 

0-062 

The   watch  -  glass  contained 
0-031  of  a  grain  of  a  granu- 
lar substance,  but  the  most 
careful  examination  failed  to 
reveal  a  smgle  crystal  of  cho- 
lesterine. 
0-481. 

18-381 
66-396 

j  b'662 

Same  as  Case  I. 
0-808. 

21-842 
52-261 

1  b'0'31 

Snme  as  Case  I. 
0-579. 

The  result  of  these  examinations  ll\'^^^^^ZoA  fro„,  the  paralyzed  side,  while 
nue  was  found  in  any  of  the  tln-ee        '^^^^^^  ,,,,a  side.    As  the  nutr^on 

about  the  normal  quantity  was  '^^^^ ''^^^^^^^^ ^  i,,possible  to  say  positively,  from 
of  other  tissues  is  interfered  ^^^^  ,^  in  the  nervous  system  only, 

these  observations  alone,  ^^^^J^^^^'J^.^i/^ost  affected;  and  these  observations 
-  r  S::;::«erLnts  on  anim..  point  very  strongly  to 

n:;^^-  upon  amm^s  were  ^or.^^^^^  ^^iTZ 

.ten  performed  under  different  j^^*,tT^  Itismorediffi- 

fact  that  the  blood,  in  passing  ^1"°:^^  °      gen^    system  of  nerves  also  gives  up 
cult  to  show,  by  actual 

cholesterine  to  the  blood;  but  ^^^/f  * .^^^                     in  eonnection  with  the 
ties  contains  more 

^:^ritr;e"tS:  :h^:t  ;^:rerves,  as  wen  as  the  brain,  are  the  seat  of 

formation  ofthisprinciple.  -       ,,,„pted  to  demonstrate  experimen- 

Mimination  of  Cholesterine  ly  tke  ^^'^^^oltjZ^-^^-^  in  the  same  way  that  we 
tally  the  separation  of  cholesterine  from  th  blood  by  t  ,  ^^^^^  ^^^^ 

de  lrmined  its  passage  into  the  blood  ^^^^^  ^^f/.^^^  the  same  animal,  the  origm 
ofexperiments  upon  this  subject,  we  endeavo  ed  to  show  elimination.  In  these  experi- 
o  cholesterine  in  certain  parts,  and  the  --^^  ^  °^VSen  succeeded  in  extracting  the 
Ints  which  were  only  approximative,  ^^^f  ^^t.^ai  blood,  examining  i  as  it 

riSterine  perfectly  pure,  ^^  ^^^^^^^  ^^^iZl  of  the  brain,  ^^^^ 

tent  to  the  liver  by  the  hepatic  f^\^2\Z'tj  Z  hepatic  vein,  e-""nmg,  a  s  , 
liver,  then  the  blood  as  it  came  from  ^^/^^^  ''3^3  ^f  the  blood  from  the  carotid,  inter 
the  blood  of  the  abdominal  vena  JA\en  ef  n-ed  to  in  treating  of  the  or.gm  of 
nal  jugular,  and  vena  cava,  have  aheady  been 
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cholesterine.  It  will  bo  rcnienibored  that  thoro  was  a  largo  quantity  of  this  substance 
in  the  internal  jugular,  and  but  a  small  quantity  in  the  carotid,  showing  that  it  was 
formed  in  the  brain.  We  now  give  the  conclusion  of  these  observations,  which  bears 
upon  the  separation  of  cholesterine  from  the  blood  : 

Experiment  I. — Specimens  of  blood  were  taken  from  the  hepatic  artery,  portal  vein 
and  hepatic  vein,  and  a  small  quantity  of  bile  was  taken  from  the  gall-bladder.  These 
specimens  were  treated  in  the  manner  already  indicated ;  viz.,  evaporated  and  pulverized, 
extracted  with  ether,  the  ether  evaporated  and  the  residue  extracted  with  boiling  alco- 
hol, this  evaporated,  a  solution  of  caustic  potash  added,  and  the  specimen  then  subjected 
to  microscopical  examination. 

ilicroscopical  examination  of  the  extract  from  the  portal  vein  showed  quite  a  number 
of  crystals  of  cholesterine.    These  were  observed  after  the  fluid  had  nearly  evaporated. 

Microscopical  examination  of  the  extract  from  the  hepatic  artery,  made  after  the  fluid 
had  nearly  evaporated,  showed  a  considerable  quantity  of  cholesterine,  more  than  was 
observed  in  the  preceding  specimen.    There  were  also  observed  a  few  crystals  of  ster- 


corme. 


The  first  examination  of  the  extract  from  the  hepatic  vein,  which  was  made  just 
before  the  potash  was  added,  showed  a  number  of  fatty  masses,  with  some  crystals  of 
stercorine.  The  solution  of  potash  was  tlien  added,  and,  two  days  after,  another  careful 
examination  was  made,  revealing  nothing  but  fatty  globules  and  granules.  The  watch- 
glass  was  then  set  aside  and  was  examined  eleven  days  after,  when  the  fluid  had  entirely 
evaporated.  At  this  examination,  a  few  crystals  of  cholesterine  were  observed  for  the 
first  time.    There  were  also  a  number  of  crystals  of  margaric  and  stearic  acid. 

All  the  examinations  of  the  extract  from  the  bCe  showed  cholesterine;  and  the  pre- 
cipitate consisted,  indeed,  of  this  substance  in  a  nearly  pure  state. 

Taking  these  experiments  in  connection  with  the  first  observations  upon  the  carotid  and 
internal  jugular,  while  the  one  series  demonstrates  pretty  conclusively  that  cholesterine 
13  formed  m  the  brain,  the  other  shows  that  it  disappears,  in  a  measure,  from  the  blood 
in  Its  passage  through  the  liver,  and  is  passed  into  the  bile.    In  other  words,  it  is  formed 
in  the  nervous  tissue  and  is  prevented  from  accumulating  in  the  blood  by  its  excretion 
by  the  hver.    This  suggests  an  interesting  series  of  inquiries;  and  this  fact,  fully  sub- 
stantiated, would  be  as  important  to  the  pathologist  as  to  the  physiologist.   But,  in  order 
to  settle  this  question,  it  is  necessary  to  do  something  more  than  make  an  approximative 
estimate  of  the  quantity  of  cholesterine  removed  from  the  blood  by  the  liver.    The  quan- 
tity thus  removed  in  the  passage  of  the  blood  through  this  organ  should  be  estimated  if 
possible,  as  closely  as  the  quantity  which  the  blood  gains  in  its  passage  through  the  brain. 
Ihis  estimate,  however,  is  more  diflicult.    The  operation  for  obtaining  the  specimens  of 
b  ood  in  the  first  place,  is  much  more  serious  than  that  for  collecting  blood  from  the  carot- 
id  and  internal  jugular.    It  is  very  difficult  to  take  the  unmixed  blood  from  the  hepatic 
vein ;_  and  the  exposure  of  the  liver,  if  prolonged,  may  interfere  with  its  eliminative  func- 
tion, m  the  same  way  that  exposure  of  the  kidneys  arrests,  in  a  few  moments,  the  flow 
trom  the  ureters.    It  is  probable,  however,  that  the  administration  of  ether  does  not 
interfere  with  the  elimination  of  cholesterine  by  the  liver,  as  it  does,  apparently,  with  its 
tormation  in  the  brain.    Anesthetics,  as  we  know,  have  a  peculiar  and  special  action  upon 
ttie  bram,  but  they  do  not  appear  to  interfere  with  the  functions  of  vegetative  hfe,  such 
as  secretion  or  excretion;  and,  we  may  suppose,  they  would  not  interfere  with  the  depu- 
ra tive  function  of  the  liver.    It  is  fortunate  that  this  is  the  case,  for  the  operation  of 
taking  blood  from  the  abdominal  vessels  is  immensely  increased  in  difiiculty  bv  the  strug- 
gles of  an  animal  that  is  not  under  the  influence  of  an  ana3sthetic  ^ 

teril'ot-rn  yi'^         I'^g  'l^*'  of  the  disappearance  of  a  portion  of  the  choles- 

le  ;r     1  i  P"''"^'  ^°  '•^''^"'•''^te  quantitative  analysis 

we  repeated  the  operation  for  drawing  blood  from  the  vessels  which  go  into  and  erne  S 
from  the  hver.    In  the  first  trial,  the  blood  was  drawn  so  unsatisfactorily,  Ld  the  "per 
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1  r...^  thnt  it  was  not  thought  worth  while  to  complete  the  analysis, 
ation  was  so  prolongeJ,  that  it  wa         "  ^  experiment  we  were  more  buc- 

and  the  experiment  was  ahandoned.    In  tiio  loiiowi.ib  ^  i 

1   •    1  1        Cnroffnantl  was  brought  completely  under  the 
Experiment  II.-A  goodW  p.Jf  an^  Td  blood  was  drawn,  first  from  the 

influence  of  ethe.  ^^^^^^JZ^^^  ^^^^^  was  entirely  satis- 

hepatic  vem,  and  next  f  om  tbe  Poi ta  ve  J^^^^^^^^^  ajmixture. 

T''-  tlTuZ        htn  aSrli'o'm  the  carotid,  to  represent  the  blood  from  the 
A  specimen  of  ^^1""^.'^'^'  ,   -^^  ^^^^^  is  of  uniform  composition. 

with  the  following  results                         Quantity  of  blood.  Cholcsterine.  ClioleBterine  per 

grains.  drains.  ',2^' 

159-537  0-200  1-257 

Arterial  blood   ^.^^^  1-009 

rortalvein   ^^.g^g  ^.q^,  0-964 

Hepatic  vein  _   ,    ,    23-309 

Percentage  of  loss  in  arterial  blood  in  its  passage  through  the  liver   ^^^^ 

Percentage  of  loss  in  the  blood  of  the  portal  vein  

.iv  ,vl,nt  there  was  good  ground  for  supposing  from 
This  experiment  proves  positively,  |°  li^er;  and  here  we 

Experiment  L,  that  cholcsterine  is  ^'^^^-^lll^^^^^  experiment, 
,nay  note,  in  passing,  a  striking  coincidence  betw  en  the^^  1 

in  which  the  blood  was  studied  m  its  l^^ff .  "^^f^*^  liver.  The  gain  of 
tioned,  where  the  blood  was  examined                 ^  bS  was  23-307  per  cent.,  and 

the  arterial  blood  in  cholesterine  -  P^^/  ^^^^f  ,      i^  2  -309  per  cent.'  There  must 

the  loss  of  this  substance  in  passmg  ^^^^g^  by  the  nervous 

be,  of  course,  the  same  quantity  sepai-a t  d  ^7  th   ^-^^  ^       .^^  being 

sykem,  it  being  formed,  indeed,  only  to  be  ^^^^^^^  J  ./^.^t  its  accumulation  in 

continuous,  and  its  removal  necessarily  the  ^-e.  m  -d^^^^  ^^^^  quantities,  in 

::e=:ts^  -  -  - — -   -  ^^^^ 

but  a  small  percentage  of  cho  esterme  ovei  tbe  blood  ot  1^.^^^  ^^^^^  ^^^.^^ 

centage  in  the  arterial  blood  is  large    ^'^'^''^^^^^^  dtoinishes  its  cholesterine 

system ;  and,  as  it  probably  passes  thr-^^g'^tv  of  tWs  sibstance  which  must  be  removed, 
before  it  gets  to  tbeliver,  it  contains  a  quant  y  o  thi  sub  aB  ^^^^  ,i,,iesterine, 

The  portal  blood,  coming  from  a  limited  P-* ^^^^^^  ,,,,  Hver,  the  portal  system 
although  it  gives  up  a  certain  quantity    I^^^f  ^^^.tions  of  this  organ,  such  as 

largely  predominates  and  is  ^^^^^^^^fj^^^^^^^^^^^^  enters  the  Uver,  its  blood  becomes 
the  production  of  sugar ;  but,  soon  ^  ^^^^  P^^^^^^  „,i,ture  the  cholesterine  is  sep- 
nrixed  with  that  from  the  ^^epatic  ai  eiy  and  ft  om  ^^^.^^  cholesterine, 

arated.    It  is  only  necessa.-y  that  blooc^^  contai jg  ^^^^  ^^.^  ^^^^^^^^^ 

should  come  in  contact  with  the  ^l^^-   ^^f^^^^  t^;;;^  proven  with  much  less  difficulty 

separated.    The  fact  that  it  is  ^'^'if  f^'et,  i  s  presence  in  the  bile,  and  the 

thL  that  it  is  formed  in  the  nei.ous  js^^^^^^^^^^  .^^  constant  formation 

necessity  of  its  constant  removal  fiom  the  Woo        J  the  conclusion 

and  absorption  by  this  Au^,  -  —  ^^^^^  a  doubt  by  the  preceding 
that  it  is  eliminated  by  tlie  iiver.    x  , 

analyses  of  the  blood  going  to  and  coming  f  omth  s  ^^^^^^^ 

In  treating  of  the  composition  of  the  ^"^^^''  ^  ^   3      ^own  the  intestinal  canal,  that 
which  the  cholesterine  of  the  bile  undergoe  P^J^^^^^^          we  have  made  but  one 

it  is  not  necessary  to  refer  to  this  portion  of  t^e  W      .  ^^^^^  evacuation,  and, 

examination  of  the  quantity  of  stercorme  contained 
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assuming  that  the  amount  of  cholcsterino  excreted  by  tlio  liver  in  twenty-four  liours  is 
equal  to  the  amount  of  stercorine  found  in  the  evacuations,  the  quantity  is  about  ten  and 
a  half  grains.  This  corresponds  with  the  estimates  of  the  daily  quantity  of  cliolesterine 
excreted,  calculated  from  its  proportion  in  the  bile  and  the  estimated  daily  amount  of 
bile  produced  by  the  liver. 

To  complete  the  chain  of  the  evidence  leading  to  the  conclusion  that  cholesterine  is 
an  excrementitious  principle  which  is  formed  in  certain  of  the  tissues  and  eliminated  by 
the  liver,  it  is  only  necessary  to  show  that  it  is  liable  to  accumulate  in  the  blood  when 
the  eliminating  function  of  the  liver  is  interrupted.  It  wUl  be  remembered  that  it  was 
only  after  extirpation  of  the  kidneys,  followed  by  accumulation  of  urea  in  the  blood  that 
Pr6vo3t  and  Dumas  were  able  to  demonstrate  the  preexistence  of  this  principle  in  the  cir- 
culatmg  fluid  and  to  indicate  the  mechanism  of  its  separation  from  the  blood  by  tha  kid- 
neys. This  mode  of  study  has  been  applied  to  certain  of  the  elements  of  the  bile,  though 
without  success;  for  Miiller,  Kunde,  Lehmann,  and  Moleschott,  who  extirpated  the  livers 
from  frogs,  looked  in  the  blood  only  for  the  bihary  salts.  We  have  not  been  able  to 
repeat  these  experiments  upon  frogs  and  analyze  the  blood  for  cholesterine,  but  we  have 
arrived  at  very  positive  results  in  the  study  of  the  blood  in  diseased  conditions  of  the 
liver,  that  are  interesting  alike  to  the  physiologist  aud  the  pathologist. 

It  has  long  been  recognized  that  cases  of  ordinary  icterus  are  not  of  a  grave  character 
while  there  are  instances  in  which  the  jaundice,  though  less  marked  as  regards  coloration 
of  the  skm,  is  a  very  different  condition.  Chemists  have  analyzed  the  blood,  in  the  hone 
of  explammg  this  difference  by  the  presence,  in  the  grave  cases,  of  the  taui-ocholate  and 
glycocholate  of  soda ;  but  their  failure  to  detect  these  principles  leaves  the  question  still 
uncertam.  The  real  distinction,  arguing  from  purely  theoretical  considerations,  would  lie 
in  the  proposition  that,  m  cases  of  simple  jaundice,  there  is  merely  a  resorption  from  the 
bihary  passages  0  the  coloring  matter  of  the  bile,  and,  in  grave  cases-which  are  almos 
invariably  fatal-there  is  retention  of  cholesterine  in  the  blood 

.fi-.T'  ^f''-'''  ""r  ^T.        °^  «f       insolubility  of  cholesterine,  to  observe  the 

effects  of  injecting  it  into  the  blood-vessels,  but  we  have  had  an  opportunity  of  mak  ng 
an  examination  0  the  blood  of  a  patient  in  the  last  stages  of  cirrhosis  of  the  Ler  Tccom 
panied  with  jaundice,  and  we  compared  it  with  an  examination  of  the  blood  of  a  patient 
lfZ7  f  r  'T'"  """'^     ''''''  decoloration  of  the  f.ces  •  b" 

at  on  of  tS'llfr^'Kr'^.?",  '^"P^^"'  '^^^^-P^-y-g  the  last  stages  of  disorgani- 
Eation  of  the  liver,  while  m  the  latter  it  was  simply  dependent  on  duodenitis  and  the 
prognosis  was  favorable  and  verified  by  the  result.'  As  iLrus  accompany  ng  aundic  i 

tninli?""*  ^^'l       examinations,  which  are  con- 

tain dm  our  original  memoir  on  cholesterine,  it  is  sufficient  here  to  state  the  main  results 
ot  the  examinations  of  the  blood  and  fasces. 

In  the  case  of  simple  jaundice  from  duodenitis,  in  which  there  was  no  great  disturb 

inZL,   h     «°l"ring  matter  of  the  bile,  but  the  proportion  of  cholesterine  was  not 

bTof  ,!L?n  J  '  P"^"*  feces  contained  a  large  propor 

tion  of  sapomfiable  fat,  but  no  cholesterine  or  stercorine  ^ 

tion  tT-'''1°^''v^°'^'  ^ith  jaundice,  there  were  ascites  and  great  general  prostra 
on  This  patient  died  a  few  days  after  the  blood  and  f^ces  had  been  exam  ned  Tud 
h  hver  was  found  in  a  condition  of  cirrhosis,  with  the  liver-cells  shruSn  and  tSe 

ttlu  n  ,  '  ''""[''''f-  '^^^^  the  blood  contained  1-850  pt.  of  cho  esteSne  ^er 

f ;:is^:jt:eS~    -  ^-^^  ^^^^ 

rhosisTthoV  ^"^^^,i;'-^?"f°ti3^  present  themselves  in  which  there  are  evidences  of  cir 
of  the  liver,  with  little  if  any  constitutional  disturbance,  while  others  "e  attended 
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..  „,i      inf-f.voKiiTiL''  nnestion  to  determine  whetber  it 

with  grave  nervous  symptoms,  it  seemed  an  ^"t" '^^'^^^^^^^       ^j^^  ,,;a,nco  of 

^t^"=^^^^^       -  -  stro4— d 

sidex'bly  below  the  ciuantity  tl-t  we  bad  ound  m  beaW.  ^ 

0-0.  0.  a  part  per  tbo.sand, 

a  littl  above  tbe  ^^^J^^Zl^l^^^  Pa-^y^^s,  tbese  patbological 
Like  tbe  '^'^^^^f^'^'^J'^'^^^^^^^  to  estabbsb  tbe  function  of  ebolesterine ; 

observations  are  not  suffic  ent,  m  t^^'^'^^^^'  '^^^      ^  confirm  our  views  with 

but,  taken  in  connection  w.tb  our  oUjer  expeume^^^  f  lly.^  ^^^^  ^.^^^^^ 

regard  to  tbe  ^-^^''^JJ^^'Z  fs^^^^  "ff-^-S  system,  does 

tbe  liver,  accompanied  with  S^'^^^J^Pj"'"  .  ^^^e  in  the  fact  of  retention  of  tbe 
not  differ  in  its  pathology  from  cases  of  ^^^n^'^  ^^^.^  tl,,^      table,  are  due 

biliary  salts  in  the  blood;_but  these  f'^l'^^^Xl^^'^^^^^^  principle  of 

to  a  deficiency  in  tbe  elimination  of       ^b^™^^^^^^^^  accumulation  of  urea 

the  bile-and  its  consequent  accumulation  ^^^^^^J"  J;^^.  ^nd  we  have  charac- 
in  structural  disease  of  the  kidney,  this  produces  ^1^^°^;?°;^^^^^^^^  ,  pathological  con- 
terized  this  condition  by  tbe  name  Obolestei«^^ 

dition,  but  at  the  same  time  mdicatmg  the  f^^^  "f^'^  .^/^^^^^  experiments  have 

Si;ce  tbe  first  publication  of  the  preceding  ob  ei  vations,  ^^^^^ J     ?  „f 
been  made  upon  the  relations  of  cholesterme  ^^J^^^X'  to^^^^  njecting  cho- 

those  observations  in  which  attempts  were  made  *  P-^^^^^^^^^^^^f  ^^^erV^^-'  Oholes- 
lesterine  into  the  blood  have  been  — J-  Siltl.i,  Leipzig,  1873,  Bd.  i.. 
teramie.-Archi^far  experwienteUe        f  ^j'^ .  ^^^^  producing  any  bad  effects  by 

S.  213,  et  se,.)  by  rubbing  choles- 

mechanical  obstruction  of  tbe  blood-vessels    ue  i    i  .^^^  ^1^^ 

terine  with  glycerine  and  --"S  ^J^n  conta  ning  about  69  grains  of  choles- 

veins  of  dogs,  2-16  fluidounces  of  t  '!^  ^  ^^plete  representation  of  tbe 

terine.    In  five  experiments  of  ^J'^^^^^;  ^^^nts  are  in  exact  accordance  with 

terine  in  the  blood,  the  quantity  being  1-804  Per  l.OUO-  ^^  .^^^^^  ^^^.^^1 

In  view  of  all  of  these  facts,  the  ^^^J  j^^^^J^.^JJentitious  function  of  tbe  liver,' 
been  suppbed  by  tbe  experiments  '^f^f  ^I' ^'jo^a  and  its  discbarge  in  tbe  f«ces 
consisting  in  the  separation  o^/^f^^,^  definitely  estabhsbed. 

in  the  form  of  stercoriue,  must,  we  tbinU,  oe  re^a 

Production  of  Sugar  in  the  Liver. 

:t  was  ^r^eny  supposed  that  ^^^^^^^^^  ^^^^^^ - 
to  produce  bile,  and  all  Pby«i°l;g;«"\;;;;~  Suary  secretion ;  but,  in  1848,  it  was 
then  directed  to  the  question  of  t  ^^/^^^^^^;! a  new  and  important  function, 
announced  by  Bernard  that  he  1-d  aiscovei  d  m  the  In  e  -      .j^ents,  that  the 

and  he  proceeded  to  show,  by  an  ^"g;^;^^^  ^^^^^^^  bad  long  been  recognized  in  the 
liver  is  constantly  producing  sugar  ^^^^^^^^^^^^^^^^  ™f  t  physiological  and  pathologi- 
urine  of  persons  sufl^ring  from  ^^^^^f^'^^J^^  t  was  by  experiment  which  seemed  to  bo 
cal  importance  of  the  discovery,  attested,  as  it  was,  oy  i 
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positively  conclusive  in  their  results,  excited  the  most  profound  scientific  interest.  Dur- 
ing the  present  century,  indeed,  there  have  been  few  physiological  questions  that  have 
attracted  so  much  attention ;  and  the  observations  of  Bernard  were  soon  repeated 
modified,  and  extended  by  experimentalists  in  different  parts  of  the  world.    In  1857 
Bernard  discovered  a  sugar-forming  material  in  the  liver,  analogous  in  its  composition 
and  properties  to  starch  ;  and  tliis  seemed  to  complete  the  history  of  glycogenesis. 

Shortly  after  the  publication  of  the  glycogenic  theory,  it  was  found  that  other  chano'es 
were  effected  in  the  blood  in  its  passage  through  the  liver;  and  physiologists  then  under- 
stood, for  the  first  time,  how  glandular  organs  might  produce  secretions  and  yet  not  dis- 
charge them  into  excretory  duets.  This,  indeed,  pointed  the  way  to  the  explanation 
of  the  function  of  the  dnctless  glands.  It  is  perfectly  correct  to  say  that  the  liver 
secretes  sugar;  but  the  secretion,  in  this  instance,  is  carried  away  by  the  blood  and  from 
this  pomt  of  view,  the  liver  is  to  be  regarded  as  a  ductless  gland.  It  is  evident  there- 
lore  that,  even  after  having  studied  fully  the  secretion  and  the  physiological  relations  of 
the  bile,  we  have  to  consider  other  glandular  functions  of  the  liver  which  are  hardly  less 
important. 

Evidences  of  a  Glycogenic  Function  in  the  Liver.— The  proof  of  the  glycogenic  func- 
tion of  the  liver  rests  upon  the  fact,  experimentally  demonstrated  bv  Bernard  that  in 
a  l  animals,  the  blood  coming  from  the  liver  by  the  hepatic  veins  contains  sugar  and 
hat  the  presence  of  this  principle  here  is  not  dependent  npon  the  starch  or  sugar  of 
he  food.    Bernard  assumes  to  have  proven  that,  in  carnivorous  animals,  never  having 
aken  starch  or  sugar  m to  the  alimentary  canal  except  in  the  milk,  there  is  no  sugar  in 
Sood  of  fit  i    P;^'^''^^^^"^,^^    P--«  i-to  the  liver ;  but,  under  normal  conditions,  the 
blood  of  the  hepatic  veins  always  contains  sugar.    Having  examined  the  blood  from  ^ari- 

unair  o  t        ^  ^  '  Bernard  was 

uable  to  find  sugar  m  any  other  situations  than  in  the  liver  and  the  blood  coming  from 
be  hver    As  the  blood  from  the  liver  is  mixed  in  the  vena  cava  with  the  blood  f^m  th^ 

art^e  ZuS'of    "  *^         ''''  °'  f'^  '^^'-'^  ^^-^  'l--nd  S 

heart  iZTT  1  .TTVi'  P^-^P^^'^^'^^^^ly  diminished  in  passing  from  the  liver  to  the 
heart.  It  was  found  that  the  sugar  generally  disappeared  in  the  lungs  and  did  not  exist 
m  the  blood  of  he  arterial  system.  Assuming  that  these  statements  lave  been  sus lined 
tlfat  tJisT    .  "°  '''''  Vroauce.  or  sec"sr^^^^ 

Z  ^::::TZ^'''  ^^-^  ^^-^royed  in  its  pC 

The  question  of  the  production  of  sugar  in  the  economy  has  given  rise  to  a  ereat  deil 
■  0  d.scussion  and  the  experiments  of  Bernard  have  been  repLed  verr  exfens  v^^^^^^ 

pSi'buTot     T  ''^'^rr'^r  '^^^  ^^^^  observ'tionsr  ty 

iHheltlliiy     "  °'  -Mch  seem  to  disprove 

MncedrZ?rr  'V^''                 ^^^^^  "^^l^^-           ^^^^^^^ons,  be  pro- 

mrine  contTnl    .  °'                ^^^'^       ^^^'^^^Se  of  sug.;r  by  the 

s've  evCc;  of  tv  "  T'*^"      '''''''     '"'^''^ ^^'^^  -         -e  coLlu! 

rken  r,  ?1  °V  ^-'^  equally  well  established,  that  the  sugar 

^and  k  n        1    ?  ^'""^                    °f  ^t'lrcli  i«  consumed  in  the  or^auisn^ 

imp  sfbir^h"  '''''  "^^'^  ''^'''•^                  ^^o.ys,  then,  that  i  t  no" 

t  0  bod  '  'anSThrP  7"  7  T?\  '''''  ^^-^1      produced  L 

o  body,  and  the  failure  to  find  the  sugar  of  the  food  in  the  blood  or  excreta  shows 
a  tb  s  pn         ,  „  ^^^^^^^^  It  only  e^rs 

c    P  r  1^^^^^^^  P'-^'^-*'-  «f  -  <^-'etes  be  a  new  patlTg  ! 

P  0CCS8  or  merely  the  exaggeration  of  a  physiological  function.  ^ 

■Dents  m  Jo  7         "'^"''^''^  """^  ^'''^'^       oT^^^rvations  of  Bernard,  both  in  exneri 
made  for  purposes  of  investigation  and  in  public  demonstrations,  that  we'cTn 
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ontevtain  no  douM  .it.  regard  to  the  ^^^^^^^^  ^  I::^^^; 
ever,  made  some  late  o^^^r-fons  -^^^^^ 

meehanism  oH^yooE^^^L^^^^^^^^^^^^  easy  to  verify  these  experiments, 

ism  IS  not  aftected    NotwithstanU  ng  ^  ^      ^^^^  conviction,  tlmt  the  Iwer 

there  is,  particularly  m  Great  fj^'^^y.^l'^^^  others  is 

aoes  not  produce  BUg-  dunng  h^^^^^^^  t^J'^s:^j'lon  the  observations  of  Dr.  Pavy, 
duetopost-mor  em  acton  T^vew^^  J  J  ^^^^^^^.^^  Germany  and  m 
of  Guy's  Hospital ;  but  it  has  been  auop  y  ^^^^^^  to  detail  merely  the  experi- 
France.  In  this  state  ^^'"^^l!^^^^^^^  it  will  he  necessary  to  e.am- 

ments  that  seem  to  demonstu  te  tl^^^^e'y^^         ^.^^  experiments  .vhich  lead,  appar- 
ine  these  observations  ^^-^'^'^^ ;f''^Zt  air  to  admit  that  the  observations  of  Pavy 
ently,  to  opposite  conclusions ;   or     -^^^  "  ^^^^^^^  .^^     those  of  Bernard, 
seem  to  be  as  accurate,  and  at      fi^^^^J^-f^  J  ^^^^.j  5^  appears  that  he  first  sought  for 
In  the  account  of  the  discovery,  ^;:;^^^f^f  ™^  substances  is  destroyed. 

the  situation  -  t^-.^^^V^^^^^/^Xsevrday^^^  --^'^--^  '^'^^ 

With  this  end  m  view  he  fed  ^^'l^^  '^^'^^^^^^^  fron.  the  portal  system,  he  found 
portion  of  sugar  and  starch.  On  ^na  yzmg  t  ^ 
;  large  proportion  of  sugar ;  and  he  ^1-  o™d  it  n  the  b  ^^^^  ^^^^^^ 

counter-experiment,  he  fed  a  dog  ^^^^  ^^^^^  j;y;/^','",Xrise,  he  found  it  in  abundance, 
sugar  in  the  blood  of  the  hepatic  veins;  and,  o  ^     -P^-  ^.^^  3,^, 

This  experiment  he  repeated  frequently  with       SJ^'^^^^^^;  .  eontained  in  the 

result;  and  he  concluded  that  >■ --^^^™\^/Jf,t  '^f*"""' 
tlood  coming  from  this  organ  f^t^^J^  otiei  tissues,  and  he  found  that  this 
Hiade  extracts  of  the  substance  J      detected  in  any  other  organ  or  tis- 

organ  always  contained  sugar,  while  it  was  not  to  ^  j^^^rated  that  the  livers  of 
J  in  the  economy.  In  subsequent  --P^^^^^^^'^^^J'-f.'^Sed  also  in  the  human  sub- 
nearly  all  classes  of  animals  -f-^^^J^J^^'^^  .  t^^^ntB  production,  its  disappear- 
ject.  He  made  observations,  also,  ^^^  ^^^J/^^^X  t^^e  various  influences  which  modify 
Le  in  the  blood  cii.ulat,ng1^n.ug^^^^^^^^  ^^^.^  appropriate  place; 

td  erSf:or;red,r^=l.  the  processes  for  the  determination  of  sugar, 

^^nre'iwtk^^^^^^^^  ""^^ "  '^^"'^ 

tal.en  neither  starch  nor  ^^-^ ^^^^^^  directly  fi-om  the  liver  by  the 

J  c       _Tti  Bernard's  first  observations  upon  th 
Procemsfor  the  ^^'''^^ff''\'{^f^l^^^^  decoction  of  the  hepatic  substance  an 
liver,  he  applied  the  fermentation-test  to  a  ^^Pj^J^^^^  ,feetly  fresh  and  normal 

obtained  unmistakable  evidences  o  sugau   J^  ^?^^^^^^^^^^^  to  procure  a  clear 

blood,  the  addition  of  water  and  ^^^^^^'^^^^J;™^  ,iied;  but  the  most  satisfactory 
Jlti^n,  to  which  the  ordinary  7;;-^-,*  ,  t^tod'with  ;ater  and  an  excess  of  sul^ 
method  of  making  a  dear  f  ^'^  ^^^X^^^^  ,e  obtained,  containing,  it  is  tnie  a 
pbate  of  soda.  By  this  means  a  ^^^^^  ^™  fortunately,  does  not  interfere  wr^h 
Lge  quantity  of  sulphate  of  ^^^.f  ^^^^  and  extracts  by  making  the  hqmd 

the  tests.  Later,  Bernard  f  ^^^^^^^^^^^"g^j/Xg  We  have  long  been  in  the  hah  t  of 
into  a  paste  with  animal  charcoal  and  h  teiing  determine  the 

employfng  both  of  these  methods;  ^^^J^^^^^  :^^^^  -^'-^  P^"^^'  T'" 
presence  or  absence  of  sugar,  the  Pf^^f  ^^^^^^  J  genernlly  used  «nimal  d.^- 

:r^^ha^^:^^=- "  " 

as  well  as  in  operating  upon  the  blood. 
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In  ordinary  examinations,  Trommer's  test  is  sufficiently  delicate ;  but  it  is  not  so  sen- 
sitive or  so  convenient  as  some  of  the  standard  test-solutions.  Wo  have  been  in  the 
habit  of  using,  for  the  determination  of  sugar  in  the  urine,  a  modification  of  Eehling's 
test,  which  is  also  very  convenient  for  examinations  of  the  blood  and  liver-extract.  This 
may  be  used  as  well  for  quantitative  examinations ;  but,  like  all  of  the  standard  solutions,  it 
presents  the  inconvenience  of  undergoing  alteration  by  keeping,  so  that  it  is  desirable  to 
use  it  freshly  made  for  each  series  of  examinations.  We  have  succeeded  in  obviating 
this  difficulty,  however,  by  the  following  modification  in  its  preparation ;  and,  made  in 
this  way,  it  is  probably  the  most  convenient  test  that  can  be  used  in  the  examination  of 
any  of  the  animal  fluids  for  sugar. 

FehUng'a  Teat  for  Sugar.— The  modification  in  this  test  consists  simply  in  preparing 
three  separate  solutions,  which  are  to  be  mixed  just  before  using,  as  follows  : 

Solution  of  crystallized  sulphate  of  copper,  94-73  grains  in  an  ounce  of  distilled  water. 

Solution  of  neutral  tartrate  of  potash,  378-91  grains  in  an  ounce  of  distilled  water. 

Solution  of  caustic  soda,  specific  gravity  1-12. 

These  solutions  are  to  be  kept  in  separate  bottles  and  used  as  follows : 
Take  half  of  a  fluidrachm  of  the  copper-solution,  add  half  a  fluidrachm  of  the  tar- 
trate of  potash,  and  add  the  caustic  soda,  to  make  three  fluidrachms.    It  is  important  to 
measure  the  copper-solution  with  accuracy,  in  quantitative  analyses,  as  the  quantity  of 
copper  decomposed  indicates  the  amount  of  sugar. 

To  apply  Fehling's  test  in  ordinary  qualitative  analyses,  heat  a  small  portion  of  the 
test-Kquid  to  the  boiling-point  in  a  test-tube,  and  add  the  suspected  fluid,  drop  by  drop. 
If  sugar  be  present  in  even  a  moderate  quantity,  a  dense,  yellowish  precipitate  of  the  sub- 
.  oxide  of  copper  wiU  be  produced  after  adding  a  few  drops;  and,  if  the  liquid  be  added  to 
i  about  the  same  volume  as  the  test,  and  the  mixture  be  again  raised  to  the  boiling-point 
•  without  producing  any  deposit,  it  is  certain  that  no  sugar  is  present.    The  estimation  of 
1  the  quantity  of  sugar  in  any  liquid  depends  upon  the  fact  that  two  hundred  grains  of  the 
t  test-hquid  is  decolorized  by  exactly  one  grain  of  glucose.    To  apply  this  test,  measure  oft' 
I  in  a  glass  specially  graduated  for  the  purpose,  two  hundred  grains  of  the  solution  •  put 
t  this  mto  a  fiask,  with  about  twice  its  volume  of  distilled  water,  and  boil ;  when  boiling 
i  add  the  suspected  solution,  little  by  little,  from  a  burette  graduated  in  grains  (raisino-  the 
I  mixture  to  the  boiling-point  each  time  and  afterward  aUowing  the  precipitate  to  subside) 
I  until  the  blue  color  is  completely  discharged ;  by  then  reading  off  the  number  of  grains 
.  of  the  saccharme  solution  that  has  been  added,  the  proportion  of  sugar  may  be  readily 
>•  calculated.    If  the  solution  be  suspected  to  contain  a  considerable  quantity  of  sugar  the 
.  estimate  may  be  more  accurately  made  by  diluting  it  to  a  known  degree,  say  with  nine 
mparts  of  water,  and  adding  this  diluted  mixture  to  the  test-liquid. 

Examination  of  the  Blood  of  the  Portal  System  for  Sugar.-li  starch  or  su-ar  be 
taken  into  the  alimentary  canal,  it  is  well  known  that  sugar  is  always  to  be  foimd,  durmg 
>  absorption,  in  the  blood  of  the  portal  system ;  but,  in  carnivorous  animals,  that  have  been 
tea  entirely  upon  meat,  no  sugar  can  be  discovered  in  the  portal  blood.  The  statements  of 
Oiernai-d  are  very  definite  upon  this  point,  and  he  indicates  a  liabUity  to  error  when  the 
operation  of  tying  the  portal  vem  has  not  been  skilfully  performed,  and  when  blood  con- 
taining sugar,  IS  allowed  to  regurgitate  from  the  substance  of  the  liver.  In  taking  the 
blood  just  before  it  enters  the  liver,  it  is  necessary  to  apply  a  ligature  to  the  vessels  as 
in;?r''t?  -  ,  '  t'-aiis^erse  fissure.  This  should  be  done  quickly,  and  the  opening 
into  the  abdommal  cavity  should  be  small.  Otherwise,  as  the  vessels  have  no  valves  we 
are  hable  to  have  reflux  of  blood  from  the  liver.    We  have  frequently  performed' the 

al  aTm  ■  I'T  '"It  ^'^^^^  -  ™^"3l  opening  in  the  linea 

a  ba  a  i,  tie  below  the  ensiform  cartilage,  just  large  enough  to  admit  tlie  forefinger  of  Jhe 

we  are  able  to  seize  the  vessels;  then  passing  in  an  aneurism-needle,  and  constriol^^n\! 
the  vessels  before  the  abdomen  is  widely  opened,  when  a  firm  ligature  i;  appHed  When 
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this  step  of  tbo  operation  Las  been  satisfactorily  performed,  we  have  never  found  a  trace 
of  suo^ar  in  the  extract  from  the  blood  of  the  portal  system,  in  animals  that  have  been 

'''S:^^lXZ:lZuooa  carried  to  the  liver  by  the  portal  vein  do.  not 
contain  sugar,  in  animals  fed  solely  upon  nitrogenized  matters.    The  quantity  of  blood 
carried  ^  tho  liver  by  the  hepatic  artery  is  insignificant;  and,  although  the  artena 
bWd  m  y  temporarily  contain  a  trace  of  sugar,  as  we  shall  see  farther  on,  th.s  need  no 
complicate  the  question  under  consideration,  as  the  presence  of  sugar  m  the  blood  of  the 
Wtic  artery  is  exceptional,  and  its  proportion,  when  it  exists,  is  very  mmute. 

BlmLlion  of  tie  mood  of  the  Hepatic  Veins  for  Sugar. -It  is  upon  this  question 
tbat  "Se  doiine  of  the  sugar-producing  function  of  the  li  ver  must  rest.  If  it  can 
ttoven  that  the  blood,  taken  from  the  hepatic  veins  during  hfe  or  immediately  aft 
death  normally  contains  sugar,  while  the  blood  distributed  to  the  liver  contains  ne^  r 
su'a  'nor  any  substance  that  can  be  immediately  converted  into  sugar,  the  inevitable 
conclusion  is  that  the  liver  is  a  sugar-producing  organ.  We  shall,  consequently,  examine 
this  nart  of  the  question  with  the  care  whicb  its  importance  demands. 

Th  propositL  that  the  blood  from  the  bepatic  Veins  does  not  contam  BUgar  dm-mg 
life  and  health  cannot  be  sustained  by  actual  experiment.  _  Observei.  may  say  th  t  th 
quantity  is  very  sHght,  ^i.  ^^^^^  ^^Z.^^^  ^^thl 
^"^^^^^^  th'l^bSomi;  from  the!iver  is  due  to  a  post  mortem 
cEg  nowhe  e  states  tbat  he  bas  taken  the  blood  from  tbe  ^^epatic  vems^d  faded  to 
tZ  fugar.    He  says  that  he  h.  founa  ^  ^^^X:^^^^^^^^^ 

hepatic  veins.  Operating  in  this  way,  blood  may  t^^f^ /^^^  j/tbe  blood  from  the 
it  Lers  the  liver,  and  from  ^^/^j^J/^^^^^^  tbe  blood  from 

portal  system  no  sugar  is  to  be  found,  but  its  P-^^sence 

L  hepatic  veins.    To  avoid  disturbmg  ^^^^.^^^J'^^/^  Srn  ^  modified  the 

lect  frL  tbe  hepatic  veins  as  large  a  quantity  of  blood  as  P^-'^^^vf  ,,,,,en  a 

experiment,  in  some  instances,  T^yi^  '-e^^^^-^S^nto  the  vena  c^  ^^.^ 
double  sound,  the  extremity  of  which  is  proviaeu  «  u  u  ,  „ 

the  vein  was 

was  pushed  into  the  vein  above  tbe  fJ'-^Pl^-^S" ^f  the  Canute, 
obstructed  above  tbe  liver,  and  the  blood  could  f^^^^^^S^^     determine  the 

as  it  came  directly  from  tbe  hepati.  If^^^-^,""^^^^^^^^  of  different  pro- 

presence  of  sugar  in  these  specimens  of  blood,  °e  complete 

cesses,  including  the  fermentation-test  and  even  collecting  the 
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the  proof  of  the  existence  of  sugar  in  the  blood  coming  from  tlio  liver,  Bernard  demon- 
strated its  presence  in  blood  taken  from  the  right  auricle  in  a  living  animal,  which  can 
be  readily  done  by  introducing  a  catheter  into  the  right  side  of  the  lieart  through 

an  opening  in  the  external  jugular   

vein.  lie  also  showed  that,  during 
digestion,  the  whole  muss  of  blood 
contained  sugar,  but  that  the  quantity 
was  greater  in  the  right  side  of  the 
heart  than  in  the  arterial  system. 

It  is  unnecessary  to  cite  all  the 
authorities  that  have  confirmed  the 
observations  of  Bernard.  Shortly 
after  these  experiments  were  pub- 
lished, Lehmann,  Ererichs,  and  many 
others  verified  their  accuracy.  Ber- 
nard gives  in  full  the  experiments  of 
Poggiale  and  of  Leconte,  the  results 
of  which  were  identical  with  'his 
own.    He  gives,  also,  in  one  of  his 
later  w'orks,  the  proportions  of  sugar 
in  the  blood  of  the  hepatic  veins,  ob- 
tained by  Lehmann,  Schmidt,  Pog- 
giale, and  Leconte,  no  sugar  being 
found  in  the  blood  of  the  portal  sys- 
tem.    We  have  ourselves  made  a 
number  of  experiments  with  a  view 
of  harmonizing,  if  possible;  the  dis- 
cordant observations  of  Bernard  and 
Pavy,  and  have  examined  the  blood 
from  the  hepatic  veins  for  sugar,  tak- 
ing the  specimens  under  what  seemed 
to  be  strictly  physiological  condi- 
tions.   In  one  of  these  published  ex- 
periments, blood  was  taken  from  the 
hepatic  veins  of  a  large  dog,  fully- 
grown  and  fed  regularly  every  day 
but  not  in  digestion  at  the  time  of 
the  experiment,  and  the  operation 
lasted  only  seventy  seconds.  No 
anaesthetic  was  employed.    The  ex- 
tract of  this  specimen  of  blood,  treat- 
ed with  Fehling's  test-liquid,  pre- 
sented a  well-marked  deposit  of  the 
oxide  of  copper,  revealing  unequivo- 
cally the  presence  of  a  small  quan- 
tity of  sugar.'   This  has  been  the  in- 


FiG.  m.—CatJieter  for  the. 
right  side  of  the  heart. 
(Bernard.) 

E,  extremity  of  the  tube; 
E,  stop-cock,  «,  extrem- 
ity to  be  introduced  into 
the  rig-Ut  auricle. 
The  tube  is  introduced 
through  a  small  opening 
into  the  external  jugular 
vein,  the  concarttj'  of  the 
tube  turned  toward  the 
sternum,  and  the  stop- 
cock closed.  When  the 
tube  reaches  the  heart, 
we  feel  the  pulsations, 
and  the  jet  of  blood, 
when  the   stop-cock  " 


  IS 

opened,  is  intermittent. 

I'iG.  ISa.— Double  sound,  used 
for  coUecling  blood  from  the 
hepatic  wins.  (Bernard.) 
0,  t,  o\  tube,  with  a  stop-cock  (r), 
used  to  inflate  the  rubber 
bulb  (G,  h') ;  O,  T,  tube,  witli 
an  opening-  U>'),  which  re- 
ceives the  blood  from  tho 
hepatic  veins,  and  i.s  provided 
,  -  with  a  Btop-cock  (R). 


variable  result  in  numerous  experi- 
ments and  class-demonstrations  made  since  1858  ;  and,  since 
the  experiments  just  referred  to  were  published,  we  have  veri- 
fied the  observation  with  regard  to  the  hepatic  blood,  keeping 
the  animal  perfectly  quiet  before  the  operation,  avoiding  the 
administration  of  an  an£Esthetio,  and  taking  the  blood  so  rap- 
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idly  that  no  Bugir  could  bo  fomod  by  tho  Ilvcr  po.l  mortem    Tl,o.o  oTporimcnt.  lc.vo 
;„  doobl  ™a,«  fact  tlml,  dnrine  lifo  and  in  health,  the  blood,  a,  rt  pa»os  through  tbo 
I  vor  Ind  i.  dboharsed      tho  hc-p.tic  voin,  into  tbo  ,en.  o.va,  oontom.  .ugur,  wb.eh 
formod  b,  tho  ll,or,  indopondently  ot  .ho  sugar  and  starch  taken  as  food. 

D«„  a,  Lhn  c»l«»  S,c,.r  normallv  <!«ri»f  Xj/.f-Thi.  i.  the  only  queetion  upon 
„bi„rtl  o  ,o  «U»  of  rollnblo  experiments  have  becu  entirely  opposite.  Bernard  made 
The  telr  P»  ofh  °ob<»r,aIn.  b,  analysing  the  substance  of  the  hvcr;  and  he 
the  gi  eater  P«"  »  ,  ;  „it,,  ™,.a  ,„  the  variations  in  the  glycogonie  fonction, 
arnved  a  ™f  """"^^^^^^^^  „  tho  liver  under  diS'eront  condition..  For 

Ta^vCsrlv  bre^Turbabitrfrepeatiug  these  experiments,  with  liko^^^^^ 

?B2=^s.::th::;;t^ 

rf  V-n-rtShrrmig-fn'evc:  ZLln         L  t  ~  as 

that  the  characteristic  elements  of  the  ^''1'''^'';']^'°^^^  derived  from 

washed  out  of  the  liver,  as  fast  as  ^t  '«/°™  ^V^';;;;;^ ^othesi;  to  the  test 
veiB,  in  this  regard,  serving  as  an  excretory  due     To  put  to  s  hyp  _  _^  ^ 

r^^S^Io  ^^^^^^  — 
carrying  out  this  idea,      instituted  the  M^^^^^^^  rgr^c^^Sition,  and  not  in  digestion, 
Experiment  I.-A  medium-sized  dog,  full-g  own  m  gooa  c        J  ^  j 

was  hfld  upon  the  operating-table  by  ^-^^^^^^^^J;:,^^  ounces,  was 

by  a  single  sweep  of  the  kmfe.  A  portion  of  i^^'^'  J^^-^^  ^^1^^^  ^  fall  into  boil- 
tL  excised  and  immediately  cut  mto  small  P;^;-' .^^^^^^^^^^  boiling  water  was 
ing  water.    The  time  from  the  *f  ^^^^  J/",!        then  added,  and 

twenty-eight  seconds.    An  excess  of  crystaUized  -  P^^^^^^^^^^  ,  ^Uer,  and  the 

the  mixture  was  boiled  for  about  five  minutes    It  was  ^^^^'^^       \^^^_    The  reaction 
clear  fluid  that  passed  through  was  tested  for  sugar  by  Trommer 
was  doubtful  and  afforded  no  "^"l^'^f  ;"'\';;^?,'^;^^!;f  J^ndition  as  the  animal  ifl  the  first 
exprer:»t;d\Torr;S:;e!°r;';or:     .he  nver  ...  exci,.a  .  nbove 
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described.  The  whole  operation  occupied  twenty-two  seconds.  Only  ten  seconds  elapsed 
from  the  time  the  portion  of  the  liver  was  cut  off  until  it  was  in  the  boiling  water.  It 
was  boiled  for  about  fifteen  minutes,  made  into  a  paste  with  animal  charcoal,  and  tlirown 
upon  a  filter.  The  clear  fluid  that  passed  through  was  tested  for  sugar  by  Trommer's 
test.    There  was  no  marked  evidence  of  sugar. 

Experimen  t  III.— A  large  dog,  full-grown  and  fed  regularly  every  day,  but  not  in  diges- 
tion at  the  time  of  the  experiment,  was  held  firmly  upon  the  table.  Tliis  dog  had  been 
in  the  laboratory  about  a  week  and  was  in  a  perfectly  normal  condition.  The  abdominal 
ca-i-ity  was  opened,  and  a  piece  of  the  liver  was  cut  off  and  tlirown  into  boiling  water, 
the  time  occupied  in  the  process  being  ten  seconds.  Before  the  liver  was  cut  up  into  the 
boiling  water,  the  blood  was  rinsed  off  in  cold  water.  The  liver  was  boiled  for  about 
seventeen  minutes,  mixed  with  animal  charcoal,  and  the  whole  was  thrown  upon  a  filter. 

Immediately  after  cutting  off  a  portion  of  the  liver  and  throwing  it  into  boiling  water, 
the  medulla  oblongata  was  broken  up,  a  ligature  was  applied  to  the  ascending  vena  cava 
just  above  the  renal  veins,  the  chest  was  opened,  and  a  hgature  was  applied  to  the  vena 
cava  just  above  the  opening  of  the  hepatic  veins.  A  specimen  of  blood  was  then  taken 
from  the  hepatic  veins.  This  portion  of  the  operation  occupied  not  more  than  one  minute. 
A  little  water  was  added  to  the  blood,  which  was  boiled  briskly,  mixed  with  animal  char- 
coal, and  thrown  upon  a  filter.  The  liquid  that  passed  through  from  both  specimens  was 
perfectly  clear. 

While  the  filtration  was  going  on,  Fehling's  test-liquid  was  made  up,  so  as  to  be 
perfectly  fresh.  The  two  Hquids  were  then  carefully  tested  for  sugar.  The  extract  of 
the  liver  presented  not  the  slightest  trace  of  sugar.  The  extract  fi-om  the  blood  of  the 
hepatic  veins  presented  a  well-marked  deposit  of  the  oxide  of  copper,  revealmg  unequivo- 
cally the  presence  of  a  small  quantity  of  sugar. 

Experiment  IV.— This  experiment  was  made  upon  a  medium-sized  dog,  in  full  diges- 
tion of  meat.  The  medulla  oblongata  was  broken  up ;  the  portal  vein  was  tied  through 
a  small  opening  in  the  abdomen ;  and  the  abdomen  was  then  widely  opened,  and  a  por- 
tion of  the  liver  excised,  rapidly  rinsed,  and  cut  up  into  boiling  water.  The  length  of 
time  that  elapsed  between  breaking  up  the  medulla  and  cutting  up  the  specimen  of  liver 
into  the  boiling  water  was  one  minute. 

The  vena  cava  was  then  tied  above  the  renal  veins,  the  chest  opened,  and  the  cava 
again  tied  above  the  hepatic  veins.  Blood  was  then  taken  from  the  hepatic  veins,  about 
an  equal  bulk  of  water  was  added,  with  an  excess  of  the  crystallized  sulphate  of  soda,  and 
the  mixture  was  boiled.  A  portion  of  the  portal  blood  and  the  decoction  of  the  liver 
were  then  treated  in  the  same  way,  and  the  three  specimens  were  filtered. 

The  clear  extracts  were  then  tested  with  Fehling's  liquid,  with  the  following  result:  • 

There  was  no  sugar  in  the  portal  blood. 

There  was  no  sugar  in  the  extract  of  the  liver. 

There  was  a  marked  reaction  in  the  extract  of  the  blood  from  the  hepatic  veins,  the 
precipitate  rendering  the  whole  solution  bright  yellow  and  entirely  opaque.  ' 
_    This  experiment  was  made  in  the  presence  of  the  class  at  the  Bellevue  Hospital  Med- 
ical College,  January  4,  1869. 

The  importance  of  the  question  under  consideration  and  its  present  unsettled  condi- 
tion are,  we  hope,  sufficient  to  justify  the  introduction  of  the  details  of  the  preceding 
experiments.  They  were  undertaken  with  the  view  of  harmonizing,  if  possible,  the  facts 
brought  forward  by  different  experimentalists. 

It  IS  difficult  to  imagine  how  any  observer,  so  well  known  and  accurate  as  Dr.  Pavy 
could^  assert  positively,  as  the  result  of  personal  examination,  that  the  liver  does  not 
contam  Sugar  when  examined  immediately  after  its  removal  from  the  living  body  when 
Bernard  and  so  many  others  have  demonstrated  its  presence  in  this  organ  in  large  quantity 
Hvp^i'Tk  'Inr^^''^  °^  experiments  of  Pavy,  and  the  same  conclusion  was  ar- 

nved  at  by  M  Donnell,  and  afterward  by  Meissner  and  Jaeger,  and  by  Schiff.  The  ingenious 
30 
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experiment  of  Bernard,  showing  that  sugar  is  formed  in  a  liver  removed  from  the  body  ■ 
and  wTshed  sugar-free  by  a  stream  of  water  passed  through  ^ 
Dossibility  of  the  production  of  sugar  post  mortem,  so  strongly  claimed  by  1  avy  as  the 
0   y  conditim  which  it  is  ever  formed  ;  still,  it  does  not  seem  poss.ble  to  deny  the 

—r^^^^^      function  of  the  liver,  in  view  of  the  conclusive  experimental  proof  of  the 
constant  presence  of  glucose  in  the  blood  of  the  hepatic  veins. 

From  our  own  experiments,  we  have  come  to  the  conclusion  that  Dr.  Pavy  and  those 
whf  adit  his  views  cannot  consistently  deny  that  sugar  is  constantly  ormed  in  the  liver 
who  ^.^^0P\^j^7'^^'  of  tl^e  hepatic  veins;  nor  can  Bernard  and  his  followers 

'  let  tlmt  the  liler  does  not  contain  sugar  during  life ;  although,  as  has  been 

Town  by  Pavy,  :nd  moil  specifically  by  M'Donnell,  sugar  appears  in  the  liver  m  great 

''tre^Zrimentfth!;  we  have  just  detailed,  which  are  simply  typical  examples  of 

rI™^  in  the  Le  ot  the  .pp.reEtl,  centradiclory  »tat„.e.ts  of  Pav,  When  au  ^i- 
Srin:.r  heaUh.  has  IL  kept  ,™t  hefc^  ^he  e^«        .  p.e»  or  the 

irTjoTaferrai;  ZZ  : Ltho^"  cnp,in.  on,,  ten  .ecoa.. 

which  it  easts  in  the  living  organism.  As  tta  »»»  '^""'^^'f  'uyV.d.  without 
digestion  and  in  the  internals  of  dige.fon,  and      'l^^f^^^TZl-l^  and  the  fact 

out  in  the  blood  as  it  passed  through  ^^^^^.^^ 
In  treating  of  the  mechanism  ot  the  formation  of  demonstration  of 

more  fully  the  glycogenic  matter;  but,  tf  ^7^^^^^^^°^^ 
the  presence  of  sugar  in  the  blood  of  the  hepatic  ^^-^^.^^f/™^^^^  substance 
post-mortem  production  of  sugar  in  a  liver  washed  suga  f^f^J^ /^"^  Jf"  .^j^e  results 
remaining  in  the  Uver  and  capable  of  1^-=^  transformed  mto  ^J^  t^^^  . 
of  the  exammations  of  the  liver  for  ^-"r^^^l^^^ll^^^^ 

or  sugar-formmg  matter.  _  which  consists  in  the  constant  formation  of 

„g-r=|r=:^^^^ 

=  pt;r^n"'.;r :i"V°a. ".1":  Srihatta^e  ^.a,  a„d  .ta.ch  as 
"d    and  it  is,  essentiallr,  independent  ot  the  i.nd  of  ^ 

8  During  iife,  the  li.er  contains  the  glycogemc        «  ;  JSei  o.t  the 

the  great         of  Wood  whichj  '•^^l^^,Z  :!M:^Ln\  interfered  .i.^ 

su-^ar  as  fast  as  it  is  formed ;  but,  atter  aeatu  oi  .  j.g,jjoved 

tSf  transformation  of  glucogenic  matter  into  sugar  g  es^o^^^^^^^^^ 
under  these  conditions,  and  can  then  be  detected  m  the  substan 

of  tne  U.er-Su,ar.-Ye.y  little  is  to  be  said  regarding  the  chemical  pe- 
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culiarities  of  liver-sugar.  It  resembles  glucose,  or  the  sugar  resulting  from  the  digestion 
of  starch,  in  its  composition.  This  sugar,  like  glucose,  responds  promptly  to  all  of  the 
copper-tests,  and  it  imdergoes  transformation  into  melassic  acid  on  being  boiled  with  an 
alkali.  One  of  its  most  marked  peculiarities  is  that  it  ferments  more  readily  than  any 
other  variety  of  sugar ;  and  another  is  that  it  is  destroyed  in  the  economy  with  extraor- 
dinary facility.  This  fact  has  been  illustrated  by  the  following  ingenious  experiment : 
Bernard  injected  under  the  skin  of  a  rabbit  a  little  more  than  seven  grains  of  cane- 
sngar  dissolved  in  about  an  ounce  of  water,  and  he  found  sugar  in  the  urine.  Under 
the  same  conditions,  he  found  he  could  inject  seven  grains  of  milk-sugar,  fourteen  and 
a  half  grains  of  glucose,  twenty-one  and  a  half  grains  of  diabetic  sugar,  and  nearly 
thirty  grains  of  liver-sugar,  without  finding  any  sugar  in  the  urine ;  showing  that  the 
.  liver-sugar  is  consumed  in  the  organism  more  rapidly  and  completely  than  any  other  sac- 
charine principle. 

MeeTianism  of  the  Production  of  Sugar  in  the  Liver.— Whea  Bernard  first  described 

■  the  glycogenic  function  of  the  liver,  he  thought  that  the  sugar  was  produced  from  nitro- 
I  genized  principles,  in  some  manner  which  he  did  not  attempt  to  explain.  Subsequent 
I  discoveries,  however,  have  led  to  conclusions  entirely  diiferent. 

In  1855,  Bernard  first  published  an  account  of  his  reiuarkable  experiment  showing 
t  the  post-mortem  production  of  sugar.  After  washing  out  the  Hver  with  water  passed 
1  through  the  vessels  until  it  no  longer  contained  a  vestige  of  sugar,  it  was  allowed  to 
1  remain  at  about  the  temperature  of  the  body  for  a  few  hours  and  was  then  found  to  con- 
\  tain  sugar  in  abundance.  This  experiment  we  have  already  referred  to,  and  it  is  one 
t  that  we  have  frequently  verified.  Bernard  explained  the  phenomenon  by  the  supposition, 
•  subsequently  shown  to  be  correct,  that  the  liver  contains  a  peculiar  principle,  slightly 
{soluble  in  water  and  capable  of  transformation  into  sugar. 

Glycogenic  Matter. — In  its  composition,  reactions,  and  particularly  in  the  facility  with 
1  which  it  undergoes  transformation  into  sugar,  glycogenic  matter  bears  a  very  close 
r  resemblance  to  starch.  It  is  described  by  Pavy  under  the  name  of  amyloid  matter,  a 
rname  which  is  applied  to  it,  also,  by  Rouget.  It  is  insoluble  in  water,  and,  by  virtue 
t  of  this  property,  it  may  be  extracted  from  the  liver  after  the  sugar  has  been  washed 
c  out.    The  following  is  the  method  for  its  extraction  proposed  by  Bernard : 

The  Hver  of  a  small  and  young  animal,  like  the  rabbit,  in  full  digestion,  presents  the 
most  favorable  conditions  for  the  extraction  of  the  glycogenic  matter.    The  liver  is 

■  taken  from  the  animal  immediately  after  it  is  killed,  is  cut  into  thin  slices,  and  thrown 
into  boiling  water.    "When  the  tissue  is  hardened,  it  is  removed  and  ground  into  a  pulp 

r.in  a  mortar.    It  is  then  boiled  a  second  time  in  the  water  of  the  first  decoction,  strained 

■  through  a  cloth,  and  the  opahne  liquid  which  passes  through  is  made  into  a  thin 
paste  with  animal  charcoal.    The  paste  is  then  put  into  a  displacement- apparatus,  the 
end  of  which  is  loosely  filled  with  shreds  of  moistened  cotton.    By  successive  wash- 
ings, the  paste  is  exhausted  of  its  glycogenic  matter,  leaving  behind  the  albuminoid 

and  coloring  matters.  The  whitish  hquid,  as  it  flows,  is  received  into  a  vessel  of  abso- 
lute alcohol,  when,  as  each  drop  falls,  the  glycogenic  matter  is  precipitated  in  white 
flakes.  This  is  filtered  and  dried  rapidly  in  a  current  of  air.  If  the  alcohol  be  not 
allowed  to  become  too  dilute,  the  matter  when  dried  is  white  and  easily  pulverized. 
The  substance  thus  obtained  may  he  held  in  suspension  in, water,  giving  to  the  liquid  a 
strongly  opaline  appearance.  It  is  neutral,  without  odor  or  taste,  and  presents  nothing 
^characteristic  under  the  microscope.    It  reacts  strongly  with  iodine,  which  produces 

■  a  dark-violet  or  chestnut-brown  color,  but  rarely  a  well-marked  blue.  It  presents  none 
'Of  the  reactions  of  sugar  and  is  entirely  insoluble  in  alcohol.    It  is  changed  into  sugar 

by  boiling  for  a  long  time  with  dilute  acids,  and  this  conversion  is  rapidly  eff^ected 
by  the  saliva,  the  pancreatic  juice,  and  a  peculiar  ferment  found  in  the  substance  of 
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the  liver.  Prepared  in  the  way  above  indicated,  and  pulverized,  it  may  be  preserved 
for  an  indefinite  period.  ^^^^  ^^^^^^.^^  ^^^^^.^^  glycogenic  matter  ^vitli 

iodine  has  led  to  its  recognition  in  the  substance  of  the 
liver-cells  and  in  some  other  situations.  Schiff  found  m 
the  liver-cells  minute  granulations,  which  presented  the 
peculiar  color  on  the  addition  of  iodine,  characteristic  of 
glycogenic  matter.  Bernard,  a  few  years  after  his  dis- 
covery of  this  principle  in  the  liver,  recognized  it  in  cells 
attached  to  the  placenta.  Ho  believes  that  these  cells 
produce  sugar  during  the  early  period  of  fcetal  hfe,  before 
the  liver  takes  on  tliis  function,  and  that  they  disappear 
during  the  later  months,  as  the  liver  becomes  fully  devel- 

°^^since  the  discovery  of  the  glycogenic  function  of  the 
liver  anatomists  have  found  amyloid  corpuscles  m  various 
of  the  tissues  of  the  body.  We  do  not  propose,  how- 
ever to  discuss  this  question  in  all  its  bearings,  but  only 
to  consider  the  known  relations  of  the  amyloid  substances 
found  in  the  body  to  the  formation  of  sugar. 

In  the  first  place,  there  can  be  no  doubt  of  the  fact 
that  the  liver  of  a  carnivorous  animal  that  has  been  fed 
exclusively  on  meat  contains  an  amyloid  substance  readily 
convertible  into  sugar.    The  question  of  the  existence  of 
the  same  amyloid  matter  in  other  tissues  and  organs  is 
only  pertinent  in  so  far  as  it  bears  upon  the  production 
of  sugar  or  upon  the  formation  of  the  glycogenic  matter 
in  the  liver.    In  no  tissue  or  organ  in  the  adult  has  u 
been  demonstrated  that  there  is  any  formation  of  sugar, 
except  the  ordinary  transformation  of  starch  into  sugar 
in  the  process  of  digestion.  i  :ii„.i  hP 

If  the  liver  taken  from  an  animal  recently  l^iUed  be 
simply  kept  at  about  the  temperature  of  the  body,  after 
has  been  drained  of  blood  or  even  after  it  has  been 
washed  through  the  vessels,  sugar  will  be  rapidly  tormed 
in  its  substance.    This  must  be  due  to  some  fement  e- 
maining  in  the  tissue ;  and  Bernard  has,  indeed,  been  able 
rilate  a  principle  which  exerts  this  influence  m  a 
marked  degree.    If  an  opaline  decoction  of  the  liver  be 
allowed  to  stand  until  it  has  become  entirely  clear,  show - 
^glhatall  the  glycogenic  matter       I'een  transformed 
into  sugar,  and  alcohol  be  added  to  the  hquid,  the  hepatic 
fe  ment  will  be  precipitated.    This  may  be  redissolved 
n  ?er,  audit  effects  the  transformation  of  starch  m  o 
su<rav  wi  h  great  rapidity.    From  these  facts,  it  is  piett) 
.^s,...^.ae.  Susively  shown'that  the  following  is  the  mechanism 
Hon  of  oly''oaenic\natter.   (.lier-  ^^^^^  _ 

ctarcoal  mixed  witb  the  decoction   gOUS  10  Sldiuu  lu  i  vratcr)  OUt 

n?  tie  liver-  E,  clycogenic  Bolu-  thouffh  it  COntamS  tWO  atOmS  luuic  li  / 

V-u  J!^v-^M.  nftached  to       «J  ^3     be  formed.   The  name  glycogenic 

ft  tlircnd,  passinfT  throngli  the  car-   of  wlUCll  tne  Sugar  is  t«j  „„WoT,r.n      It  is. 

boD  aSd  comiiiK  out  at  tiie  upncr  properly  be  applied  to  this  substance,    it  s, 

Tinrt  of  tlie  apnaratus;  I,  precipita-   matter  mdy  iJiup     j         i  „„j  ;„  nil  rlflsses  of  auunals, 

ting-BiasB;  fil  glycogenic  matter  ^nown,  produced  m  all  classes 

precipitated;  V,  alcohol. 
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ccarnivora  and  Lerbivora;  and,  although  its  quantity  may  be  modified  by  the  kmd  of  food, 
iit3  formation  is  essentially  independent  of  the  alimentary  principles  absorbed. 

The  glycogenic  matter  is  not  taken  up  by  the  blood  as  it  passes  through  the  liver,  but 
lis  gradually  transformed,  in  tlie  substance  of  the  liver,  into  sugar,  which  is  washed  out 
eof  the  organ  as  fast  as  it  is  produced.  Thus  the  blood  of  the  hepatic  veins  always  con- 
t  tains  sugar,  although  sugar  is  not  contained  in  the  substance  of  the  liver  during  life. 

Variations  in  the  Glycogenic  Function. 
In  following  out  the  relations  of  the  glycogenic  process  to  the  various  animal  func- 
ttions,  Bernard  studied  very  closely  its  variations  at  different  periods  of  life,  with  diges- 
ttion,'the  influence  of  the  nervous  system,  and  other  modifying  conditions.  He  made 
fsome  of  his  observations  by  examining  the  blood  in  living  animals,  and  others,  by  esti- 
I mating  the  proportion  of  sugar  in  the  liver.  The  latter  method  is  to  be  considered,  with 
!an  appreciation  of  the  fact  that  the  liver  does  not  normally  contain  sugar  during  life; 
ibut  it  represents,  to  a  certain  extent,  the  activity  of  the  glycogenic  function.  Still,  the 
(facts  arrived  at  in  this  way  must  be  taken  with  a  certain  degree  of  caution. 

Glycogenem  in  the  Fmtus.—ln  the  early  months  of  fcEtal  life,  many  of  the  tissues 
f  and  fluids  of  the  body  were  found  by  Bernard  to  be  strongly  saccharine ;  but  at  this 
I  time  no  sugar  is  to  be  found  in  the  liver.  Taking  the  observations  upon  foetal  calves  as 
i  a  criterion,  sugar  does  not  appear  in  the  liver  until  toward  the  fourth  or  fifth  month  of 
i  intra-uterine  life.  Before  this  period,  however,  epithelial  cells  filled  with  glycogenic 
1  matter  are  found  in  the  placenta,  and  these  produce  sugar  until  the  hver  takes  on  its 
1  functions.  As  the  result  of  numerous  observations  by  Bernard  upon  foetal  calves,  this 
I  function  of  the  placenta  appears  very  early  in  foetal  life,  and,  at  the  third  or  fourth 
I  month,  it  has  attained  its  maximum.  At  about  this  time,  when  glycogenic  matter  begins 
I  to  appear  in  the  liver,  the  glycogenic  organs  of  the  placenta  become  atrophied,  and  they 
I  disappear  some  time  before  birth. 

Influence  of  Digestion  and  of  Different  Kinds  of  Food. — Activity  of  the  digestive 
I  organs  has  a  marked  influence  upon  the  production  of  sugar  in  the  liver.  In  a  fasting 
1  animal,  sugar  is  always  found  in  the  blood  of  the  hepatic  veins  and  in  the  vessels  between 
1  the  liver  and  the  heart,  but  it  never  passes  the  lungs  and  does  not  exist  in  the  arterial 
I  system.  During  digestion,  however,  even  when  the  diet  is  entirely  nitrogenized,  the 
I  production  of  sugar  is  so  much  increased  that  a  small  quantity  frequently  escapes  decom-" 
i  position  in  the  lungs  and  passes  into  the  arterial  blood.  Under  these  conditions,  the 
•  quantity  in  the  arterial  blood  is  sometimes  so  large  that  a  trace  may  appear  in  the  urine, 
:  as  a  temporary  and  exceptional,  but  not  an  abnormal  condition.  This  physiological  fact 
:  is  well  illustrated  in  certain  cases  of  diabetes.  There  are  instances,  indeed,  in  which  the 
:  sugar  appears  in  the  urine  only  during  digestion ;  and,  in  almost  all  cases,  the  quantity 
■  of  sugar  eliminated  is  largely  increased  after  eating. 

The  influence  of  the  kind  of  food  upon  the  glycogenic  function  is  a  question  of  great 
pathological  as  well  as  physiological  importance.    It  is  well  known  to  pathologists  that 
'  certain  cases  of  diabetes  are  relieved  when  the  patient  is  confined  strictly  to  a  diet  con- 
I  taining  neither  saccharine  nor  amylaceous  principles,  and  that,  almost  always,  the  quan- 
1  tity  of  sugar  discharged  is  very  much  diminished  by  such  a  course  of  treatment;  but 
t  there  are  instances  in  which  the  discharge  of  sugar  continues,  in  spite  of  the  most  care- 
fully-regulated diet.    Bernard  does  not  recognize  fully  the' influence  of  different  kinds  of 
:  food  upon  glycogenesis,  and  his  experiments  on  this  point  are  wanting  in  accuracy,  from 
I  the  fact  that  the  proportion  of  sugar  in  the  liver  is  given,  without  indicating  at  what 
1  period  after  death  the  examinations  were  made.    In  the  observations  upon  this  point  by 
Pavy,  the  examinations  of  the  liver  were  made  immediately  after  death,  and  the  propor- 
I  tion  of  glycogenic  matter — not  sugar — was  estimated.  His  results  are,  consequently,  much 
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,noro  voliablo  and  satisfactory.  In  a  number  of  analyses  of  fj^^-J'^/^^^^/^^^^ 
to  different  avtieles  of  diet,  Pavy  found  a  little  over  seven  l'^' f  .."^^'f  ^^^^^^^^^^^ 

adietofa.;nal.od,ov^ 
fourteen  and  a  Lali  1^1  ceu^^^^^  addition,  found  tlmt  bardly  a  trace  of  amylo.d 

Th.^Sl  of  entire  Jenrbation  of  food  is  to  arrest  the  proiuetlon  of  .«g.r  in  the 
r       ,  w  or  Lr  to^  death.    This  arrest  of  the  gljeoeenic  funet.on  has  gener- 

S       Tserta  in         of  disease,  e,ce„.  when  death  has  ocenrred  saddeni,. 

":r:.r.rstr;^^-dtE 

a°Z  and  t's  sufScieBt,  in  this  connee.ion,  to  ■nentio.  the  mam  result. 
oCmo  ot  the  most  strikinB  ot  the  o.poriments  npon  th.s  subject 

The  most  '^JTZ^^^^^^^ 

-r'"'3:SSo^.r::rr:;rr:;per 
rt:n:erutff:d*a..ti,.t.ith..a^^^ 

and  a  small,  projecting  *  J  rtl  "^^^^^^  i'  6™'? 

srnrrs:nrr:s3,w^ 

in  the  cranium,  the  instrument  is  P^^^  J  the  two  auditory 

ward,  so  as  to  cross  an  '^-f^'^lZ^^Zo^^^^  occipital  bone, 
canals,  until  its  point  reaches  *e  W^r  P^^^^^^^^^^  of 
The  point  then  penetrates  the  ^^'^^'^  «^  a^d  by  its  projection, 
the  auditory  nerves  and  the  P-^X^mie  s^lous  ijury  f.om  the 

serves  to  P-^^V^^  XTen^Tthrca^eM^^^^^^^^  and  the 

cuttmg  edge,    ^l^e  in^^^^^^^^  ,l^ost  painless,  and  i  is 

operation  is  completed,    ibis  expenm  ^^^^^^ 

n'ot  desirable  to  administer  ^-^-^^f^Xf^^^^^  .efol-e  the  oper- 
turb  the  glycogemc  process,    ^l^e  may 

ation,  by  pressing  the  lower  V^^'^l'^^^^^^^^^  Ld  it  wiU  be 

allow  the  bladder  to  pass  up  above  the  POi^^t  °^  P  ^fter 
found  turbid,  alkaline,  and  without  ^^S^^'.^^^^JJa  and  it  will  react 
'the  operation,  the  urine  will  have  ^^--^       f  is  performed 

readily  with  any  of  the  copper-tests,  ^hen  this  op  _^  ^^^^ 

without  injuring  the  adjacent  --f-T'^tCX  1-ve  returned 
is  only  temporary,  and  ^^^^mlng  this  experiment,  to 

(Bernard.)  j^s  normal  condition,    it  IS        \  J      .         is  at  its  maximum, 

operate  upon  an  animal  in  full  digestion,  wl^e^i  theprocluct  ^^^^^^.^^^^  ^  its 

The  production  of  ^^'^^^^^ '^'^l^f^,  ^^eT-n  subject,  in  which  the  affection  is 
relations  to  certain  cases  of  the  disease  m 


Ftq.  UQ.  —  Tnsini- 
ment  for  jninctur- 
ing  the  floor  0/ tU 
fourth  ventricle. 
(Bernard.) 
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traumatic  and  directly  attributable  to  injury  near  the  medulla.  Its  mechanism  is  dif- 
ficult to  explain.  The  irritation  is  not  propagated  through  the  pneumogastric  nerves, 
for  the  experiment  succeeds  after  both  of  these  nerves  have  been  divided ;  but  the 
influence  of  the  pneumogastrics  upon  glycogenosis  is  curious  and  interesting.  If  both 
of  these  nerves  be  divided  in  the  neck,  in  a  few  hours  or  days,  depending  upon  tiio 
length  of  time  that  the  animal  survives  the  operation,  no  sugar  is  to  be  found  in  the  liver, 
and  there  is  reason  to  beheve  that  the  glycogenic  function  has  been  arrested.  After  divi- 
sion of  the  nerves  in  this  situation,  galvanization  of  their  peripheral  ends  does  not  affect 
the  production  of  sugar;  but,  by  galvanization  of  the  central  ends,  an  impression  is  con- 
veyed to  the  nervous  centre,  which  is  reflected  to  the  liver  and  produces  a  hypersecretion 
of  sugar.  These  questions  vrill  be  referred  to  again,  in  connection  with  the  physiology 
of  the  nervous  system. 


Fig.  lil.—SeeUon  of  the  head  of  a  rabhit,  ahoidng  the  operation  of  puncturing  the  floor  of  flie  fourth  'ventricle. 

(Bernard.) 

a,  cerebellum;  5,  origin  of  the  seventh  pair  of  nerves;  c,  spinal  cord;  d,  origin  of  the  pneumog-astric ;  «,  opening  of 
entrance  of  the  instrument  into  the  cranial  cavity ;  /,  instrument ;  g,  fifth  pair  of  nerves ;  7e,  auditory  canal ;  i, 
extremity  of  the  instrument  upon  the  spinal  cord  after  having  penetrated  the  cerebellum ;  H,  occipital  venous 
sinus ;  I,  tubercula  quadrigemina ;  m,  cerebrum ;  n,  section  of  the  atlas. 


"With  regard  to  the  influence  of  the  sympathetic  system  upon  the  glycogenic  function, 
there  have  been  few  if  any  experiments  which  lead  to  conclusions  of  any  great  value. 

It  has  been  observed  that  the  inhalation  of  antesthetics  and  irritating  vapors  produces 
temporary  diabetes ;  and  this  has  been  attributed  to  an  irritation  conveyed  by  the  pneu- 
mogastrics to  the  nerve-centre,  and  reflected,  in  the  form  of  a  stimulus,  to  the  liver.  It 
is  for  this  reason  that  we  should  avoid  the  administration  of  ansesthetics  in  all  accurate 
experiments  on  the  glycogenic  function. 

Destination  of  Sugar. — Although  sugar  is  constantly  produced  by  the  liver  and  taken 
up  by  the  circulation,  it  is  exceptional  to  find  it  in, the  blood  after  it  has  passed  through 
the  lungs.  It  is  difiicult  to  ascertain  the  precise  mode  of  its  destruction  in  the  lungs,  and, 
indeed,  the  nutritive  function  of  sugar  in  the  economy  is  not  thoroughly  understood.  All 
that  we  can  say  of  the  destination  of  liver-sugar  is,  that  it  probably  has  the  same  office 
in  nutrition  as  the  sugar  taken  as  food  and  that  resulting  from  the  digestion  of  amylaceous 
•uatters.  The  facts  bearing  upon  this  question  will  be  reviewed  under  the  head  of  nutri- 
tion. 


m 


SECRETION, 


Alleged  Production  of  Fat  hj  the  Liver.-lt  is  stated  by  Bernard  tliat,  in  animals  fed 
largely  with  saccharine  and  amylaceous  principles,  the  blood  of  the  hepatic  veins  contains 
an  emulsive  mutter,  which  seems  to  be  fat  combined  with  a  proteino  substance.  In  sup- 
port of  the  opinion  that  fat  is  thus  produced  in  the  liver,  he  brings  forward  the  well- 
known  fact,  that  a  diet  of  starch  and  sugar  is  particularly  favorable  to  the  development 
of  adipose  tissue.  But  the  examinations  of  the  matter  supposed  to  bo  fatty  have  not  been 
sufficiently  minute  to  lead  to  any  positive  conclusions  with  regard  to  its  character  or 
composition  While  there  can  be  no  doubt  of  the  formation  of  fat  in  the  orgamsrn  inde- 
pendently of  the  fat  taken  as  food,  there  is  not  sufficient  ground  for  regarding  the  hver  as 
one  of  the  organs  specially  concerned  in  its  production. 

Changes  in  the  Albuminoid  and  the  Corpuscular  Elements  of  the  Blood  in  passing 
throuqh  the  Liver.-ln  verifying  the  observations  of  Bernard  upon  the  presence  of  sugar 
in  the  blood  of  the  hepatic  veins,  Lehmann  was  led  to  observe  other  differences  m  the 
composition  of  the  blood  from  these  vessels,  as  compared  with  the  portal  blood  and  the 
blood  of  the  arterial  system.  One  of  the  most  important  of  these  was  the  absence  of 
coagulating  principles.  While  the  portal  blood  coagulates  strongly,  like  blood  from  any 
other  part  of  the  body,  the  blood  of  the  hepatic  veins  does  not  coagulate,  and  the  fibrin 
is  either  entirely  absent,  or  is  present  in  mere  traces."  ,    , ,  i 

Some  very  curious  observations  were  also  made  by  Lehmann  upon  the  b  ood-coi-pBscles 
in  the  hepatic  vessels.  He  estimated  that  the  proportion  of  white  corpuscles  in  the  blood 
of  the  hepatic  veins  was  at  least  fivefold  the  proportion  m  the  portal  blood.  He  also 
noted  certain  differences  in  the  appearance  of  the  red  corpuscles,  which  he  explained  bj 
the  supposition  that  the  liver  was  the  seat  of  development  of  these  elements,  v^  hich  >v  eie 
formed  from  the  white  corpuscles,  and  that  the  blood  of  the  hepatic  vems  contamed  a 
frreater  number  of  "  newly-formed  or  rejuvenescent  blood-corpuscles.  • 
'  Itl  Zol  purpose,  in  this  connection,  to  discuss  the  development  o  the  corpuscular 
elements  of  the  blood;  but  it  is  interesting  to  note  the  above-mentioned  changes  m  the 
btod  as  ifpasses  through  the  liver.  The  physiological  significance  of  the  destruction  of 
albuminoids  is  not  understood,  although  the  fact  is  undoubted. 


CHAPTER  XIY. 

TUS  DUCTLESS  GLANDS 


,    1     A„„f,  ^r,     thP  snleen-Fibrous  Btrueture  of  the  spleen  (tratecuteV-Malpi- 
Probable  office  of  tbe  ductless  "^^  ^e^es  of  the  spleeB-Some  points  in  the  chemical  constitution  of  the 

ghian  hodies-Spleen-pulp-Vessels  and  nen^es  °^  " J"  in  the  volume  of  the  spleen 

Uen-9tate  of  our  knowledge  coneernmg  h   ^-^^^^^2^11^:^^^^,^,  substance -Medullary  substance 

r  trtS'i^-  r  S:X^=-rt=ons  ....  ..and-.natom.  of  the 

tbymus-Pituitary  body  and  pineal  gland. 

.  nv^nn.  in  the  body  with  a  structure  resembling,  in  some  regards  the  true 
Certain  organs  in  tne  oouy,  «io  „„h;ppt  of  nhYsiological  specula- 

glands,  but  without  excretory  ducts,  have  long  ^^^^        prevailed  in  the 

Ln;  ^nd  the  xnost  extravagant  notions  concerning  h^  f^^^^^^^ 

eari;  history  of  the  science.    The  discovery  o  ^^^^l^:^^^,,  dimly  fore- 
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ron3onable  of  the  many  theories  that  have  been  entertained  concerning  their  office  in 
the  economy.  Under  this  idea,  these  organs  have  been  called  blood-glands  or  vascular 
glands;  but,  inasmuch  as  the  supposition  that  these  parts  effect  changes  in  the  blood 
or  lymph  is  merely  to  supply  the  want  of  any  delinite  idea  of  their  function  and  rests 
mainly  upon  analogy  with  certain  of  the  functions  of  the  liver,  we  shall  retain  the  name 
ductless  glands,  as  indicating  the  most  striking  of  their  anatomical  peculiarities. 

As  far  as  presenting  any  definite  and  important  physiologicalinformation  is  concerned, 
we  might  terminate  here  the  history  of  the  ductless  glands.  It  is  true  that  the  largest 
of  them,  the  spleen,  was  extensively  experimented  upon  by  the  earlier  physiologists; 
but,  in  point  of  fact,  investigations  have  done  little  more  than  exhibit  a  want  of  knowl- 
edge of  the  functions  of  these  remarkable  organs;  and  the  literature  of  the  subject  is 
mainly  a  collection  of  speculations  and  fruitless  experiments.  There  are,  however,  some 
interesting  experimental  facts  with  relation  to  the  spleen  and  the  suprarenal  capsules, 
although  they  are  not  very  instructive,  except  that  they  indicate  the  extremely  narrow 
limits  of  our  positive  knowledge.  These  few  facts,  with  a  sketch  of  the  anatomy  of  the 
parts,  will  embrace  all  that  we  shall  have  to  say  concerning  the  ductless  glands.  Under 
this  head  are  classed,  the  spleen,  the  suprarenal  capsules,  the  thyroid  gland,  the  thymus, 
and  sometimes  the  pituitfiry  body  and  the  pineal  gland.  These  parts  have  certain 
anatomical  points  in  common  with  each  other,  but,  on  account  of  our  want  of  knowl- 
edge of  their  functions,  it  is  difficult  to  distinguish,  as  we  have  done  in  other  organs, 
their  physiological  anatomy. 

Anatomy  of  the  Spleen. 

The  spleen  is  situated  in  the  left  hypochondriac  region,  next  the  cardiac  extremity  of 
the  stomach.  Its  color  is  of  a  dark  bluish-red,  and  its  consistence  is  rather  soft  and  fri- 
able. It  is  shaped  somewhat  like  the  tongue  of  a  dog,  presenting  above,  a  rather  thick- 
ened extremity,  which  is  in  relation  with  the  diaphragm,  and  below,  a  pointed  extremity, 
in  relation  with  the  transverse  colon.  Its  external  surface  is  convex,  and  its  internal 
surface,  concave,  presenting  a  vertical  fissure,  the  hilum,  which  gives  passage  to  the  ves- 
sels and  nerves.  It  is  connected  with  the  stomach  by  the  gastro-splenic  omentum  and  is 
still  farther  fixed  by  a  fold  of  the  peritoneum  passing  to  the  diaphragm.  It  is  about  five 
inches  in  length,  three  or  four  inches  in  breadth,  and  a  little  more  tha.n  an  inch  in  thick- 
ness. Its  weight  is  between  six  and  seven  ounces.  In  the  adult  it  attains  its  maximum 
of  development,  and  it  diminishes  slightly  in  size  and  weight  in  old  age.  In  early  life  it 
bears  about  the  same  relation  to  the  weight  of  the  body  as  in  the  adult. 

The  external  coat  of  the  spleen  is  the  peritoneum,  which  is  very  closely  adherent  to 
the  subjacent  fibrous  structure.  The  proper  coat  is  dense  and  resisting ;  but,  in  the 
human  subject,  it  is  quite  thin  and  somewhat  translucent.  It  is  composed  of  inelastic 
fibrous  tissue,  mixed  with  numerous  small  fibres  of  elastic  tissue  and  a  few  unstriped  mus- 
cular fibres. 

At  the  hilum,  the  fibrous  coat  penetrates  the  substance  of  the  spleen  in  the  form  of 
sheaths  for  the  vessels  and  nerves;  an  arrangement  analogous  to  the  fibrous  sheath  of 
the  analogous  structures  in  the  liver.    The  number  of  the  sheaths  in  the  spleen  is  equal 
to  the  number  of  arteries  that  penetrate  the  organ.    This  membrane  is  sometimes  called 
the  capsule  of  Malpighi.    The  fibrous  sheaths  are  closely  adherent  to  the  surrounding 
substance,  but  they  are  united  to  the  vessels  by  a  loose  fibrous  net-work.    They  follow 
the  vessels  in  their  ramifications  to  the  smallest  branches  and  are  lost  in  the  spleen-pulp, 
iletween  the  sheath  and  the  outer  coat,  are  numerous'  bands,  or  trabeouls,  presenting  the 
same  structure  as  the  fibrous  coat.    The  presence  of  elastic  fibres  in  these  structures  can 
De  easily  demonstrated,  and  this  kind  of  tissue  is  very  abundant  in  the  herbivora.  In 
>e  carnivora  the  muscular  tissue  is  particularly  abundant  and  can  be  readily  demon- 
rated;  but  in  man  this  is  not  so  easy,  and  the  fibres  are  less  numerous,  some  anatomists 
nymg  the  existence  of  any  muscular  structure.   These  peculiarities  in  the  fibrous  struct- 


SECRETION.  • 

474 

.ploen.    Ite  oonlr.cimty  ma,  be  en.,1,  '>»7  a  prompt 

^t:ZLo..  fecLlo       .pplyin.  it,  tl,e  spleen-pulp, 

The  substance  o£  the  spleen  is  soft  and  ^'''^'^'^'/^  ^  ^^jje  from  the 

.ay  he  easily  pressed  ont,  -  even  was^  ^L^rnfo;  ^0..  hands,  or  tra- 
vessels  and  nerves  it  V^^^  ^iLrahie  communicating  cellular  interspaces.  2. 
heculo.,  by  which  1  is  d^/'^l^d  into  '^^^ito  the  walls  of  the  blood-vessels.    3.  A  soft, 

membrane  of  the  spleen  and  from  ^l^e  fi^^^ou  s^^ea  °  substance 
are  numerous  hands,  or  trabecule,  which,  by  then  ^'^t;;^'"'^;      ^^^^3  ,re  from  A 

the  organ  into  irregularly-shaped,  ^l^^^^l^^^^^^^^^^^^^ 
to  T-V  Of  an  inch  broad,  and  are  composed,  l^^^f  ^^^^  They  pass  off  from  the 

with  elastic  fibres  and  probably  a  ^--^t^.^a^^^^^^^^^  interlace,  and 

capsule  of  Malpighi  and  the  fibrous  ^^f/jl^J^ Jjf  ^m^l  ^hey  measure  from  ^  to  ,V 
unite  with  each  other,  becoming  smalle  ^^'i  "^ 

^'-"-t^Zt^Zt^^^^-^--  T^i^^-usnet-wor. 
Tvira  slcel^^^^^^        support  for  the  softer  and  more  delicate  parts. 

MalpigUan  Bodies.-ln  the  very  elabo- 
rate work  on  the  spleen,  by  Malpighi,  is  a  full 
account  of  the  closed  follicles,  which  have 
since  been  called  the  Malpighian  bodies. 
They  are  sometimes  called  the  splenic  cor- 
puscles or  glands.    They  are  -^^^^^^^'"^ ^{ 
rounded  or  slightly  ovoid  corpuscles  about 
1,  of  an  inch  in  diameter,  consistmgof  a  deli- 
cate membrane,  generally  homogeneous,  but 
sometimes  faintly  striated,  with  semiflmd  con- 
tents.   In  their  form,  size,  and  structure 
they  bear  a  close  resemblance  to  the  closed 
follfcles  of  the  small  intestine    The  investmg 
membrane  has  no  epithehal  Immg,  a^d  the 
contents  consist  of  an  albuminoid  M^f^  ^^^ 
numerous  small,  nucleated  cells  and  a  few 
free  nuclei.    The  cells  measure  from  to 
T  of  an  inch  in  diameter.    Both  the  cells 
S^the  free  nuclei  of  the  splenic  corpuscles 
bear  a  close  resemblance  to  cells  and  nuclei 
found  in  the  spleen-pulp.    The  coi-puscles  are 
srounded  by   ^'lood-essels,  w.nch  send 
branches  into  the  interior,  to  form  a  delicate 
capillary  plexus.  ^.^^  ^^^^  ^^^^ 

The  number  of  the  Malpighian  corpuscles  m  a  spken  o^^  ^^^^ 

mated  by  Sappey  at  about  ten  t^^--^,,^  f  ^  "^e  hun^an  subject.  In  about  foi^y 
sheep  but  are  frequently  not  to  be  f  ^"^^^f  but  in  these  they  presented  the 

examinations,  in  man,  Sappey  found  them    J  '  decomposition  for  twelve  days, 

same  characters  as  in  the  ox  and  the  sheep,  and  lesiste 


Fig  U^.-MalpigUan  bodies  of  the  spleen  of  the  pig- 
(Frey.) 

a,  an  artery,  with  its  toncheK*,  ^0  5  c,  C  C  Malpighian 
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showing  that  it  is  not  necessary  to  have  recourse  to  perfectly  fresh  specimens  to  discover 
them  if  thoy  exist.  Kdllikor  notes  the  fact  that  they  are  often  absent  in  the  human  sub- 
ject when  (loath  has  taken  place  from  disease  or  after  long  abstinence.  He  believes  that 
they  are  nearly  always  to  be  found  in  perfectly  healthy  persons.  The  occasional  absence 
of  these  bodies  constitutes  another  point  of  resemblance  to  the  solitary  glands  of  the 
small  intestine. 

The  relations  of  the  Malpighian  bodies  to  the  arterial  branches  distributed  throughout 
the  spleen  are  peculiar.  In  specimens  in  which  these  corpuscles  are  easily  made  out,  if  a 
thin  section  be  made  and  the  spleen-pulp  be  washed  away  by  a  stream  of  water,  the  cor- 
puscles may  be  seen  attached  in  some  parts  to  the  sides  of  the  vessels,  in  others  lying  in 
the  notch  formed  by  the  branching  of  a  vessel,  and  in  others  attached  to  an  extremity  of 
an  arterial  twig,  the  vessel  then  breaking  up  into  plexuses  surrounding  each  corpuscle. 
According  to  Sappey,  the  corpuscles  are  attached  to  arteries  measuring  from  -gV  to  ■g'-g-  of 
an  inch  or  less  in  diameter.  "When  the  artery  is  enclosed  in  its  fibrous  sheath,  the  cor- 
puscles are  applied  to  the  sheath,  but,  in  the  smallest  arteries,  they  are  attached  to  the 
walls  of  the  vessels.  The  attachment  of  the  Malpighian  bodies  to  the  vessels  is  very  firm, 
and  they  cannot  be  separated  without  laceration  of  the  membranes. 

Spleen-pulp. — "With  regard  to  the  constitution  of  the  spleen-pulp,  there  is  consider- 
able diversity  of  opinion.  "While  anatomists  and  physiologists  are  pretty  generally  agreed 
concerning  the  structure  and  relations  of  the  Malpighian  bodies,  some  minutely  describe 
cells  in  the  pulp,  the  existence  of  which  is  denied  by  others  of  equal  authority.  The 
pulp,  however,  contains  the  essential  elements  of  the  spleen,  and  an  accurate  knowledge 
of  all  the  structures  contained  in  it  could  hardly  fail  to  throw  some  light  on  its  function ; 
hut  there  is  so  little  that  is  definitely  known  of  either  the  anatomy  or  the  physiology  of 
the  spleen,  that  we  shall  refrain  from  discussing  the  views  of  different  authors,  referring 
the  reader  for  full  information  upon  these  points  to  elaborate  works  upon  general  anatomy. 

The  spleen-pulp  is  a  dark,  reddish,  semifluid  substance,  its  color  varying  in  intensity  in 
different  specimens.  It  is  so  soft  that  it  may  be  washed  by  a  stream  of  water  from  a  thin 
section,  and  it  readily  decomposes,  becoming  then  nearly  fluid.  It  is  contained  in  the 
cavities  bounded  by  the  fibrous  trabeculaa,  and  it  contains  itself  numerous  microscopic 
bands  of  fibres  arranged  in  the  same  way.  It  surrounds  the  Malpighian  bodies,  contains 
the  terminal  branches  of  the  blood-vessels,  and  probably  the  nerves  and  lymphatics. 
Upon  microscopical  examination,  it  presents  numerous  free  nuclei  and  cells  like  those 
described  in  the  Malpighian  bodies ;  but  the  nuclei  are  here  relatively  much  more  abun- 
dant. In  addition  are  found,  blood-corpuscles  (white  and  red)  some  natural  in  form  and 
size  and  others  more  or  less  altered,  with  pigmentary  granules,  both  free  and  enclosed  in 
cells.  Anatomists  have  attached  a  great  deal  of  importance  to  large  vesicles  enclosing 
what  have  been  supposed  by  some  to  be  blood-corpuscles,  and  by  others  to  be  pigmentary 
corpuscles.  The  state  of  our  knowledge  upon  these  points,  however,  is  very  unsatisfac- 
tory. Some  authorities  deny  the  existence  of  the  so-called  blood-corpuscle-containing 
cells.  "We  shall  abstain  from  a  discussion  of  these  disputed  questions,  which  are  at  present 
of  a  character  purely  anatomical.  All  that  we  can  say  of  the  spleen-pulp  is,  that  it  con- 
tains cells,  nuclei,  blood-corpuscles,  and  pigmentary  granules,  with  a  yellowish-red  fiuid, 
and  that  it  is  intersected  with  microscopic  trabeculce  of  fibrous  and  muscular  tissue  and  a 
delicate  net-work  of  blood-vessels.  It  is  difficult  to  determine  whether  the  blood-cor- 
puscles come  from  vessels  that  have  been  divided  in  making  our  preparations  or  are  really 
free  in  the  pulp;  or  whether  the  free  nuclei  are  normal  or  come  from  cells  that  have 
heen  artificially  ruptured. 

_  Vemh  and  Nenes  of  the  Spleen.— The  quantity  of  blood  which  the  spleen  receives 
"  very  largo  in  proportion  to  the  size  of  the  organ.  The  splenic  artery  is  the  larg- 
est branch  of  the  cceliac  axis.    It  is  a  vessel  of  considerable  length  and  is  remarkable 
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for  its  e.ces.vely  toHuous  course.   In  ^  ^^1^:^:^ 

the  vessel  measured  about  five  '-^^J j;^'  "^^^^^  a  little  more 

thread  placed  on  the  vessel,  so      °  ^°"Xv^^^^^^^^^^^  course  are  interesting 

than  eight  inches    ^Ue  l-.e  cd^^^^^  situation  which  the  spleen  is 

points  in  connection  with  the  e^^l^^J^^'^^  •      ^if  several  branches  to  the 

liable  to  undergo  in  health  and  disease.       °  f'^^'  .^^.^ij,^  into  three  or  four 

adjacent  viscera  in  its  course,  and,  as  it  penetrate  the 

branches,  which  again  divide  so  as  to  form  from  six  °  t^^;  f  J^^^^  ^  the  fibrous 
substauce  of  the  Tn\r~7T:iZ:%i  arteries  branch 

sheath,  the  capsule  of  Malpigln.    in  .    tij^ir-course,  generally  at  right 

rather  peculiarly,  giving  off  J^^^^  until  they  are  reduced 

angles  to  the  parent  trunk    These    °  ^'^^^^'J;   J  then  separate,  and 

to  from  to  A  of  an  inch  m  diameter.  ^  >^  ^^^J^'^^;?  It  is  also  a  noticeable 
the  arteries  have  attached  to  them  the  ^^^P-^^^^^f^^t  few  inosculations  with  each 

..anches  of  the  r:ri:^ 

spleen  in  the  same  sheath.    They  anastomose  ^^^^f;;;^^^^^^^^      twice  that  of  the  arte- 
smaller  branches.    Their  caliber  s  estimated  by  Sappey  i^s  about  ^^.^^  ^^^^ 

,ies.    This  author  regards  the  -^^ates,  wl.ch  ha  e  put  the  ca  ^^^^  ^^^^^^^ 

five  times  that  of  the  arteries,  as  much  ^^fSf '^7^; 

from  the  spleen  is  equal  to  the  number  of  arteries  of  supply^  ^^^^ 

The  lymphatics  of  the  spleen  are  °ot  numeious^      y  ^^^^  ^^^^  ^^^^.^^ 

vessels  have  been  recognized,  the  f  If  ^•^^'^y^tiU  'o  deLns^^  the  superficial  layer, 
the  subject  practically  have  found  it  ^fl  ^'^^ll'l^^^^^^  Malpighi,  attached  to  the 
The  deep  lymphatics  have  been  aenionsj^ted     th^  «ap  u  ^^^^^^  .^^^^ 

veins  and  emerging  with  them  at  the  M"'^^^*  jf^^  numbermg  five  or  six,  then  pass 
by  a  few  from  the  surface  of  the  spleen.  Jh^  J^J^;^^'/^  ^osite  the  eleventh  or 
i:fto  small  lymphatic  glands  and  ^f^^^^^t  ;m^^^^^^    were  the  excretory  ducts 

^TX-^^  i^::;^;-  n^rr^demand  discussion  at  the  pres- 

^"4Tnerves  of  the  spleen  are  fe^ved  from  the  «  ^^^^ 
in  their  distribution  and  are  -^^-^^^f  ^^/"'J.lfiZ  is  known  of  their  mode  of 
distributed  ultimately  in  the  f^'^-^'^'f^^^l^"^^^^  are  galvanized, 

termination.    We  have  ah-eady  -^^^f     ^^^f^n  aTe  thrown  into  contraction, 
the  non-striated  muscles  in  the  substance  of  the  spleen 

.   . .      ^  .7, .  %,7^^77  —Very  little  has  been  learned 
Some  Points  in  tie  Glemif  Const^tuUonoftU  Spljen^         J^^^^^  ^^^^.^^^  ^ 

with  regard  to  the  probable  function  of  the     jen  ^^^^^ 
that  have  been  made  of  its  substance.    I  ^  ^J^^;"         certain  principles,  the  exist- 
chemical  constitution  very  fully,  and  we  shall  onlj^^^^^^^^^  determined, 
ence  of  which,  in  the  spleen-substance,  ^~\n  the  spleen  constantly  and  m 

n  the  first  place,  cholesterine  has  ^^een  found  t^  -f  -  .Edition,  chemists 

considerable  quantity,  and  t^^^'^'^^^^^^^^Xn  hypo-nthine,  leucine,  tyrosme,  a 
have  extracted  from  the  f'^l^^^^^^  crystals  of  ho^matoidme,  lac- 

peculiar  crystallizable  substance  called  by  ^cl^^^i,  hen     j        .^^^^^.^^  ^^^^^  . 
Tacid,  acetic  acid,  butyric  -i^'-^^^^'^^^tr  , ore"? 'these  principles  are  formed  by 

ciples.   Itis  clifficult,however,to  say  how  far  s^^^^^  certainly,  physi- 

the  processes  employed  for  their  extraction  o  ^^.T^Z.  any  definite  views  with  regard 

ologists  have  thus  far  been  unable  to  connect  them  witb 

to  the  probable  function  of  the  spleen. 
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State  of  our  JTnoicleclge  concerning  the  Functions  of  the  Spleen. — The  8i)loeii  is  al- 
most universal  in  vertebrate  animals ;  it  is  an  organ  of  considerable  size,  and  is  very 
abundantly  supplied  with  vessels  and  nerves ;  it  has  a  complex  structure,  unlike  that  of 
any  of  the  true  glands ;  its  tissue  presents  a  variety  of  proximate  principles  ;  but  it  has 
no  excretory  duct,  and  no  opportunity  is  aiforded  for  the  study  of  its  secretion,  except 
as  it  may  be  taken  up  by  the  current  of  blood.  It  must  be  admitted,  also,  that,  up  to 
the  present  time,  no  definite  physiological  ideas  have  followed  the  elaborate  microscopi- 
cal and  chemical  examinations  of  the  spleen.  There  have  been  only  two  methods  of 
inquiry,  indeed,  which  have  promised  any  such  results:  First,  a  comparison  of  tlio  blood 
and  lymph  going  into  and  coming  from  the  spleen,  and  an  examination  of  the  variations 
in  the  volume  of  the  organ  during  life  ;  and  second,  a  study  of  the  phenomena  which  foL 
low  its  extirpation  in  living  animals.  A  review  of  the  literature  of  the  subject  will  show 
that  we  have  gained  but  little  positive  information  from  either  of  these  methods  of  study. 

The  condition  of  the  question  of  the  influence  of  the  spleen  upon  the  composition  of 
the  blood  is  well  illustrated  in  the  last  edition  of  Longet's  elaborate  work  upon  physiology. 
This  author  quotes  opinions  of  the  highest  authorities,  based  chiefly  upon  microscopical 
investigations,  some  in  favor  of  the  view  that  the  blood-corpuscles  are  destroyed,  and 
others  arguing  that  they  are  formed  in  the  spleen,  while  he  himself  offers  no  opinion 
upon  the  subject.  Still,  there  are  certain  established  points  of  difference  between  the 
blood  of  the  splenic  artery  and  of  the  splenic  vein.  There  can  be  little  doubt  of  the  fact 
that  the  blood  coming  from  the  spleen  contains  a  large  excess  of  white  corpuscles ;  but 
it  can  by  no  means  be  considered  as  settled  that  the  function  of  the  spleen  is  to  form 
white  blood-corpuscles.  In  pathology,  although  great  increase  in  the  leucocytes  of  the 
blood  frequently  attends  hypertrophy  of  the  spleen,  this  condition  is  also  observed  when 
the  spleen  is  perfectly  healthy. 

Diminution  in  the  proportion  of  red  corpuscles  in  the  blood  in  passing  through  the 
spleen,  in  a  very  marked  degree,  has  been  noted,  and  this  gives  color  to  the  supposition 
that  the  spleen  is  an  organ  for  the  destruction  of  the  blood-corpuscles ;  but  we  know 
nothing  of  the  importance  or  significance  of  this  process,  and  it  is  not  shown  that  the 
corpuscles  exist  in  undue  quantity  in  animals  after  the  spleen  has  been  removed.  "We 
learn  nothing  more  definite  from  the  fact  that  the  blood  of  the  splenic  vein  seems  to  contain 
an  unusual  quantity  of  pigmentary  matter.  In  connection  with  the  marked  diminution 
in  the  proportion  of  blood-corpuscles,  physiologists  have  observed  a  marked  increase  in 
albuminoid  matters  in  the  blood  of  the  splenic  vein. 

The  significance  of  the  facts  just  stated  is  so  little  understood,  that  it  would  seem 
hardly  necessary  even  to  mention  them,  except  as  an  illustration  of  the  small  amount  of 
definite  information  regarding  the  functions  of  the  spleen  that  has  resulted  from  an 
examination  of  the  blood  coming  from  this  organ.  We  know  nothing  of  any  changes 
effected  by  the  spleen  in  the  constitution  of  the  lymph. 

Variations  in  the  Volume  of  th»  Si^lcen. — One  of  the  theories  with  regard  to  the 
function  of  the  spleen,  which  merits  a  certain  amount  of  consideration,  is  that  it  serves 
as  a  diverticulum  for  the  blood,  when  there  is  a  tendency  to  congestion  of  the  other 
abdominal  viscera. 

It  has  been  shown  that  the  spleen  is  greatly  enlarged  in  dogs,  from  four  to  five  hours 
after  feeding,  that  its  enlargement  is  at  its  maximum  at  about  the  fifth  hour,  and  that  it' 
gradually  dimmishes  to  its  original  size  during  the  succeeding  twelve  hours ;  but  it  is  not 
apparent  how  far  these  changes  are  important  or  essential  to  the  proper  performance  of  the 
functions  of  digestion  and  absorption.  Experiments  have  shown  that  animals  may  live 
digest,  and  absorb  ahmentary  principles  perfectly  well  after  the  spleen  has  been  re- 
moved, and  this  has  even  been  observed  in  the  human  subject ;  and,  in  view  of  these  facts 
It  IB  impossible  to  assume  that  the  presence  of  the  spleen,  as  a  diverticulum  for  the  blood' 
IS  essential  to  the  proper  action  of  the  other  abdominal  organs. 
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in  opposition  to  nearly  every  theory  ^^-,°?!f J^^^^^^^^^  yet  all  the  functions 

which  is,  that  the  organ  may  be  ^^^'^^^  ^^'l^f,—'^^  necessary  to  life,  nor,  as 
of  life  go  on  apparently  as  be  ore.  ^^V^f functions.  It  has  been 
far  as  we  know,  is  it  essential  n  fTm  the  hun>an  subject,  and 

removed  over  and  over  agam  ^^'^"^  ^^°f  ' J^g^i^e  Ihanges  in  the  phenomena  of  life, 
its  absence  is  attended  "^^t  "^^t^l  to  the  p/oper  operation  of 
If  it  act  as  a  diverticulum,  this  %  ..  tl^e  destruction  or  the  forma- 

the  organs  of  digestion  and  ^'^^''f''''^.^^^^^^^^  acid,  of  cholesterine,  or 

tion  of  the  blood-corpuscles,  tl^^  f--^  i^ans  which  may  perform  these  functions 

of  any  excrementitious  matter,  there  are  otJ^^r  organs  ^  j  l  knowledge  of 

What' renders  this  question  even  ^^^-J^^^^^^^rof  le  rgans  as  a  consequence 
any  constant  modifications  m  the  size  or  ^^'J^^'^'^^l^^^  we  reflect  that  one 

of 'removal  of  the  spleen.    This  is  not  . 'the  other  has  been  removed, 

kidney  may  accomplish  the  function  of  unna  y       °  ^"^J  ^'^i,   ^^^^^  of  the  Malphigian 
and  that  the  single  organ  which  remains  does  not  present  g 

bodies  and  the  convoluted  tubes.  j^U^w  removal  of  the  spleen  from  the 

There  are  certain  phenomena  tha  '^V  ^         they  do  not  aiford  much  posi- 

lower  animals,  which  are  curious  and  -t-  e^*  /,ery  common  experiment, 

tive  information.    Extirpation  o  this  oi  gan  ^s  an  ol  ^^^^^.^^^^  ^ 

In  the  works  of  Malpighi,  P^^^'^^f^^^/^'J^^^e  operation  was  followed  by  no  serious 
dog,  in  which  the  spleen  was  d^^^'-^y^^' J  the  experiments  have  been  so 
results.    Since  then  it  has  ^^^^^tl  ^J^^^^^ 

nniversallynegative  in  their  results  thatitishaia^^  ^^^^      part  or  entire  y 

subject.    There  are  numerous  instances,  also  ^^^^.^  ^^^^^        detail ;  but,  m 

removed  from  the  ^-^-^^^^'^^^''^^^f^^^^^  to  complicate  the  observation, 

nearly  every  case,  ^hen  there  was  inferior  animals.  , 

the  results  have  been  the  same  as  ^-  ^^^^^^'^^^l  the  spleen,  to  which  we  desire  to 
One  of  the  phenomena  following  ^^tuP  e    Great  voracity  in  animals  after  removal 
call  attention,  is  a  modification  of  '"-l^^^X.nZl this  formed  the  basis  of  some 
of  the  spleen  was  noted  by  the  earher  observed  this  change  m  the 

of  their  extravagant  theories.  ^^^^J^^^J'^^^Z^,,^  do  not  appear  to  he  disturbed, 
appetite  and  have  noted  tl^at  f  ige  t.on  and  as  m         ^^^^  ^^^^^^^^  ^^^^  the  anmials, 

the  animals  becoming  nnusually  fat    ^l^'J^^^       ^  their  disposition,  becommg 

particularly  dogs,  sometimes  present  a  f ^^JV^^/.tly  observed  these  phenomena 
nnnaturally  ferocious  and  aggressive.  JVe  -ve^^  ^^J^^^^  ^^^^^^.^^^^  they 
after  removal  of  the  spleen;  and,  m  the  toiiow  g 

were  particularly  marked :  weighing  twenty-two  pounds,  by  the 

The  spleen  was  removed  from  a  ^.^/.^t?  t^e  'L^^^^^^ 
ordinary  method  ;  viz.,  making  an  ^^--^V;.' tyt „  the  vessels.    Before  the  operation 
drawing  out  the  spleen,  and  e-eetrng  t  a  t  i  ty«g  ^  d 

the  dog  presented  nothing  f  f ™  1„  '  !he  animal  was  fed  moderately  once 
h  aled  rapidly,  and,  after  recovery  had  taken  P  a   ,  , 
a  day.    It  was  noticed,  however,  that  the  aPPetue  .^ach  him,  and  it 

dg  became  so  irritable  and  ferocious  ^^f^^J'^^.fS  in  the  laboratory.  He  would 
hecame  necessary  to  separate  him  from        °*^^J^  ,tc.    On  February  11,  1861, 

eat  refuse  from  the  dissecting-room,  the  flesh  "^^^ff'  J^twenty-four  hours  before,  the  dog 

Tbo  Sx  weeks  after  the  operation,  ^^^^^^ZZt^^^^^^^^^^  ^'^^  '^^''V 

was  brought  before  the  class  at  the  New  0  J^'^^^Jl';  ^-eight.    This  he  digested 

Tore lhan  four  pounds  of       "^^f 'tJ^  L "onl  f^^^  <^^^-    '''''  ^ 

perfectly  well,  and  the  appetite  was  the  same  up  ^ 

Remarkably  sleek  and  ^^U-nourished  appeara^^^^^^^     ^^^^  disposition  of  ani- 
The  above  is  a  striking  example  of  the  cnange 
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mals  after  extirpation  of  the  spleen  ;  but  these  results  are  by  no  means  invariable.  "We 
have  often  removed  the  spleen  from  clogs  and  kept  the  animals  for  months  without 
observing  any  thing  unusual ;  and,  on  the  other  hand,  we  have  observed  the  change  in 
disposition  and  the  development  of  an  unnatural  appetite,  in  animals  after  removal  of 
one  kidney.    These  eftects  were  also  very  well  mai-ked  in  an  animal  with  biliary  fistula 
that  lived  for  thirty-eight  days.    In  the  latter  instance,  the  voracity  could  be  explained 
by  the  disturbance  in  digestion  and  assimilation  produced  by  shutting  off  the  bile  from 
the  intestine ;  but  these  phenomena  occurring  after  removal  of  one  kidney,  which  ap- 
peared to  have  no  effect  upon  the  ordinary  fuuctions,  are  not  so  readily  understood.  We 
have  observed  both  increase  in  the  appetite  and  the  development  of  extraordinary  ferocity 
after  extirpation  of  one  kidney  almost  invariably,  since  our  attention  has  been  directed 
to  this  point ;  and,  in  the  experiments  of  which  records  were  preserved,  these  effects 
were  very  marked.    In  one,  a  dog  lived  for  nearly  two  years  with  one  kidney  and  was 
finally  killed.    The  appetite  was  voracious  and  depraved.    He  would  eat  dogs'  flesh 
greedily.    In  another,  death  took  place  in  convnlsions,  forty-three  days  after  removal  of 
one  kidney,  the  animal  having  apparently  recovered  from  the  operation.    This  dog  was 
very  ferocious,  had  an  extraordinary  appetite,  and  would  eat  fteces,  putrid  dogs'  flesh,  etc. 
which  the  other  dogs  in  the  laboratory  would  not  touch.    The  other  dog  entirely  recov- 
ered from  the  operation  of  removing  one  kidney  and  presented  the  same  phenomena. 

In  view  of  the  above  facts,  it  must  be  admitted  that  removal  of  the  spleen  in  the 
lower  animals  and  the  human  subject  has  thus  far  demonstrated  nothing,  except  that  this 
part  is  not  essential  to  the  proper  performance  of  the  vital  functions.  The  voracity 
which  occasionally  follows  the  operation  in  animals  is  one  of  the  phenomena,  like  the 
mcrease  in  the  size  of  animals  after  castration,  for  which  physiologists  can  offer  no  satis- 
factory explanation. 

It  is  evident  from  the  foregoing  considerations  that,  notwithstanding  the  great  amount 
of  literature  upon  the  anatomy  and  functions  of  the  spleen,  physiologists  have  no  definite 
knowledge  of  any  important  office  performed  by  this  organ.  With  this  conclusion,  we 
pass  to  a  consideration  of  the  other  ductless  glands,  the  physiology  of  which  is,  unfortu- 
nately, even  more  unsatisfactory. 

Suprarenal  Capsules. 

The  theories  that  have  been  advanced  with  regard  to  the  function  of  the  suprarenal 
capsules  have  not,  as  a  rule,  been  based  upon  anatomical  investigations,  but  have  taken 
their  origm  from  pathological  observations  and  experiments  upon  living  animals.  This  fact 
detracts  from  the  physiological  interest  attached  to  the  structure  of  these  bodies,  and  we 
shall  consequently  treat  of  their  anatomy  very  briefly. 

The  suprarenal  capsules,  as  their  name  implies,  are  situated  above  the  kidneys.  They 
are  smaU  triangular,  flattened  bodies,  situated  behind  the  peritoneum,  and  capping  the 
kidneys  at  the  anterior  portion  of  their  superior  ends.  The  left  capsule  is  a  little  larger 
than  the  righ  ,  and  is  rather  semilunar  in  form,  the  right  being  more  nearly  triangular. 
Iheir  size  and  weight  are  very  variable  in  different  individuals.  Of  the  different  esti- 
mates given  by  anatomists,  we  may  state,  as  an  average,  that  each  capsule  weighs  about 
one  hundred  grams.  They  are  about  an  inch  and  a  half  in  length,  a  little  less  in  width, 
and  a  little  less  than  one-fourth  of  an  inch  in  thickness. 

ntio!    Tv?*  capsules,  in  proportion  to  that  of.  the  kidneys,  presents  great  vari- 

a  ons  at  different  periods  of  life ;  and  they  are  so  much  larger  in  the  foetus  than  after 
M  e  tl  H  Pliysio  ogists,  in  the  absence  of  any  reasonable  theory  of  their  function  in 

atP,  H  V       ^'^"'"^ V^'"*  ^^'^^y  important  in  intra-uterine  life.  Meckel 

tWrd  mtti  f/^f  g"i«^^ed  in  the  fc^tus  of  two  months;  at  the  end  of  the 

0  the^-n    '    1         ^  v"'  ^"'^  ^'-^^      ^^^^^^^ ;  t^'^y  ^'-^^  equal  in  size 

month    i"''''  ^'^^'''^  ;  ^^'l'  I'eginning  of  the  sixth 

month,  they  are  to  the  kidneys  as  two  to  five.    In  the  f<.tus  at  term,  tTie  propor ti  m  is  as 
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■,  1.  twfiTitv-tln-ee    It  was  asserted  by  some  of  the 

one  to  tln-ee,  and  in  the  adult,  as  one  to  ^^^^^^^^  ^  ..-hite  races,  hut 

older  writers,  that  the  capsules  are  ^^^.^^^^  ^^^^^^^t  "  he  saw  nothing  oi  it  in 

a„j  pre-e-t  .  """""^^^f  .:„li^^^^^^^^     „.psul.  CBtircly.  .nd  c.nstH.ting  .bout  Wo. 

bodies  in  specimens  that  are  perfectly  fresh. 

Structure  of  the  Suprarenal  Capsules. 
CorUeal  SuManee.-...  -t.al  su^ta^^OMd^j^to  ^l^^^ 
is  pale-yellow,  and  is  composed  of  closed  ves.cles  rounded  _ ^  ^^^^^^^^ 
an  albuminoid  fluid,  cells,  nuclei,  and  ^^  J^  f  J^^^^^^^  J  eomposed  of  closed  tubes, 
part  of  the  cortical  substance  is  of  a  '■'^^f;^"^^^^^^  previously  hardened  in  chromic 
On  making  thin  sections  through  the  ccnW  ^-l^^^'l  l^^^  I,,,  ^een,  arranged 
acid  and  rendered  clear  by  means  of  glyc  me^^^^^^^^^^  ^^^^^.^^^  the 

with  great  regularity,  and  f -^^^^S;,        ^^^^^^^^  a  high  magnifying-power,  it  is  . 

medullary  substance.    On  studying  ^^^^  ^  «f  ^^^^^^^         f,  J  ^  to  ^  of  an  inch  m 

r^."bf  :r:Jt:;o:;;:r=r:e^- ~   — - 

covering  of  the  capsule.  .nhstance  is  much  paler  and  more  transparent 

MecMlary  SuMance.-Ihe  ^^^^^'^'^^l''^^^^^  marking  the  passage  of  its  venous 
than  the  cortex.    In  its  centre  -^^^^  ^^^^^^^^^^^  delicate  bands  of  fibrous  t.s- 

Binuses.  It  is  penetrated  in  77^/;:;tnd  numerous  elongated,  closed  vesicles  contam- 
sue,  which  enclose  blood-vessels,  nerves,  and  num  i^ch  long  and  about  ^ 

w  cells,  nuclei,  and  granular  matter.  /^^^^  yf^^^^;!!^  the  human  subject.   The  cells 

of'an  inch  broad,  have  been  demonstrated^m  the^ox  and  _^  ^^^^ 

in  the  human  subject  are  from  ^too  ^^^^  ^^^^^i  measm-e  about  ^  oi 

with  difficulty  and  are  very  irregular  m  then  i      •  ^^^^^  ^^^^ 

In  inch.   The  medullary  substance  is  pecuharly  rich  ^^^^^^  ^^^^^^^^ 

V.aaeZa  and  ^.r...-The  ^l«°^-^^!^t/XlirailiT,  tbe  ccBhac  axis,  and  ^ 
numerous  and  are  derived  from  ^^^^t' Z^^lZlels  penetrate  each  capsule.    In  the 
artery    Sometimes  as  many  as  twenty  J  ,       ^^d  meshes,  anastomosing  fieely, 

:Sl  substance,  the  capillaries  a-  --^^^^^^^^      ^^f  medullary  substance,  the 

rthTrL^eirr^^^ 

;::::s  are  very  numerous  and  are  deri^  ^iS^^ iTS^^U^d!! 
nlexus  the  pneumogastric,  and  the  phrenic.  Jf'^^'  ^he  right  suprarenal  capsu  e. 
teTilman  subject,  thirty^hree  ---J^^  -^^^^^  f  ^tterited 

The  nerves  probably  pass  directly     t^f  ^^^^^  however,  are  two  ganglia,  characterized 
tribution  is  unknown.  In  the  ---^^^-J  J^f^^^^  'Le  to  the  central  vein, 
by  nerve-cells  of  the  ordinary  form,  and  situatea 
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Nothing  whatever  is  known  of  the  lymphatics  of  the  suprarenal  capsules,  and  the 
existence  of  these  vessels,  even,  is  doubtful. 

Chemical  Beactions  of  the  Suprarenal  Capsules. — A  few  years  ago,  M.  Vulpian 
discovered  in  the  medullary  portion  of  the  suprarenal  capsules  a  peculiar  substance, 
soluble  in  water  and  in  alcohol,  which  gave  a  greenish  reaction  with  the  salts  of  iron  and 
a  peculiar  rose-tiut  on  the  addition  of  iodine.  He  could  not  determine  the  same  reaction 
with  extracts  from  any  other  parts.  Later,  in  conjunction  with  M.  Cloez,  he  discovered 
hippuric  and  taurochoHc  acid  in  the  capsules  of  some  of  the  herbivora.  Other  researches 
have  been  made  into.the  chemistry  of  these  bodies,  but  without  results  of  any  great  physi- 
ological importance. 


State  of  our  Knowledge  concerning  the  Functions  of  the  Suprarenal 

Capsules. 

In  ISoo,  the  late  Dr.  Addison,  of  Guy's  Hospital,  published  a  remarkable  memoir  upon 
a  peculiar  disease  which  he  had  found  connected  with  disorganization  of  the  suprarenal 
capsules.  ^  This  disease,  sometimes  called  Addison's  disease,  is  characterized  by  bronzing 
of  the  skin  and  is  accompanied  by  serious  disorders  in  nutrition.  It  was  supposed  to  be 
invariably  fatal.  The  peculiar  discoloration  of  the  surface,  attended  with  disorganization 
of  the  suprarenal  capsules,  led  physiologists  to  suppose  that,  perhaps,  these  bodies  had 
some  function  connected  with  the  formation  of  pigment ;  and,  following  the  publication 
of  Dr.  Addison's  memoir,  we  find  quite  a  number  of  experiments  upon  animals,  consisting 
chiefly  in  extirpation  of  the  capsules.  Before  this  time,  there  had  been  no  reasonable 
theory,  even,  of  the  probable  function  of  these  bodies.  As  our  first  ideas  of  the  rela- 
tions of  the  suprarenal  capsules  to  the  formation  of  pigment  were  derived  from  cases  of 
disease,  it  may  not  be  out  of  place  to  consider  briefly  whether  there  be  any  invariable 
and  positive  connection  between  structural  change  in  these  organs  and  the  affection 
known  under  the  name  of  bronzed  skin. 

In  the  memoir  by  Dr.  Addison,  are  reported  eleven  cases  of  anemia,  accompanied 
with  bronzing  of  the  skin,  terminating  fatally,  and  found,  after  death,  to  he  attended 
with  extensive  disorganization  of  the  suprarenal  capsules.    The  reports  of  these  cases 
attracted  a  great  deal  of  attention  among  physiologists  as  well  as  pathologists.    A  year 
ater.  Prof.  I.  E.  Taylor,  of  Bellevue  Hospital,  reported  seven  cases  of  bronzed  skin,  in 
two  of  which  the  diagnosis  of  disease  of  the  suprarenal  capsules  was  verified  by  post- 
mortem examination.    Attention  now  being  directed  to  this  peculiar  condition  of  the 
system,  accompanied  with  discoloration  of  the  skin,  numerous  cases  were  reported  from 
time  to  time,  but  some  of  them  did  not  fully  carry  out  the  views  of  Dr.  Addison.  Per- 
haps the  most  extensive  collection  of  cases  taken  from  a  great  number  of  authorities  is 
given  by  Dr.  Greenhow,  in  his  work  upon  Addison's  disease.    Dr.  Greenhow  is  appar- 
ently convinced  that  the  connection  between  the  constitutional  symptoms  and  discolora- 
tion of  the  skin,  described  by  Addison,  and  disorganization  of  the  suprarenal  capsules  is 
well  established.    He  reports  one  hundred  and  ninety-six  cases ;  and,  out  of  these,  he 
selects  one  hundred  and  twenty-eight,  as  fair  representatives  of  Addison's  disease.  There 
are  several  cases  (ten)  in  which  there  was  bronzing  of  the  skin,  the  suprarenal  capsules 
being  perfectly  healthy  ;  but  in  only  one  of  these  were  there  any  of  the  characteristic 
constitutional  symptoms.    There  are  twenty-two  cases  cited  of  cancer  of  the  suprarenal 
capsules,  not  one  of  which  presented  the  characteristic  constitutional  symptoms  only 
seven  presenting  some  slight  discoloration  of  the  skin.    Without  discussing  tliis  subject 
more  fully,  It  seems  justifiable  to  adopt  the  opinion,  entertained  by  many  pathologists 
inat  there  is  a  connection  between  bronzed  skin  accompanied  with  certain  grave  oonsti' 
lutional  symptoms,  and  disorganization  of  the  suprarenal  capsules,  which  is  frequent  but 
not  invariable ;  but  it  is  not  established  that  the  destruction  of  the  capsules  stands  in  a 
3 1 
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causative  relation  to  the  discoloration  or  to  the  constitutional  disturbance.  It  is  more 
interestTnX^^  however,  to  know  that  the  investigations  into  these  diseased  cond.Uons 
havT.fevebp^^  little  or  nothing  of  importance  concerning  the  physiology  of  the  sup.  a- 
renal  capsules. 

EMrpation  oftU  Svprarenal  Gapsules.-Theve  are  two  important  q^esUo'^s  ^  ^e 
settled  hv  the  removal  of  the  suprarenal  capsules  from  liv.ng  animals.    The  first  is, 
•  wSL  or  n  t  th"^  organs  are  essential  to  life;  and  the  second  to  determme  the  con- 
M  hUhei  01  not  I  b  ;  ^  .   modifications  of  the  animal  functions. 

"Te"L  snpS  nX  -^^^^^  to  life?    This  question  can  he  answered  in  a  very 

Are  t  le  '"P';\'  l.is  fi,9t  experiments,  removed  sometimes  one  and 

slelil  hofh  capsrsfn  ^bbU^  Guinea-pigs,  dogs,  and  cats,  and  the  animals  died  in 

.days,  the  second  in  twenty-three  da>-s,  and  th^^  l^l'  t  ld  heen 'removed  for  forty- 
and  well  when  the  report  was  made,  although  the  capsules  i  a  j^^.  ^^^j  the 

nine  days.    In  such  a  question  as  this,  negative  3—;;;^^^^^^^^^^  of  both 

instances  in  which  animals  have  recovered  and  lived  peitectiy  weii  ai 
Tprnal  capsules  show  conelusively  that  they  a.e  not  es.^^^^^^^^  is 
ably  been  due,  in         ^f  the^^^^^^^^^^^         ^7^^.0:0?  the  cVule,'  produced 
probably  on  account  of       S^^f  f "°    .       eapsule  of  that  side  has  been  more 
by  operating  on  the  right  side,  that  the  °*       Z  rnnection,  of  the  contraction 

generally  fatal.  It  is  not  necessary  to  take  =^ccount  n  ^^s  conned  ^^^  ^ 

of  the  pupil,  "turning"  and  0^^-^^"  tZ  t°  -j-^ 

sometimes  followed  these  operations    These  Pl™^^^  remaining  question  to 

of  adjacent  parts,  and  not  to  extirpation  th-ap  ul^^^^  ihX  formation  or'change  of 
determine  is  whether  the  capsules  ""^I'^^l'^'f^.^^^^^^^  that  flakes  of  pigment 

pigment.    Notwithstanding  the  assertion  ^^^"^J^^^  found  in  animals 

and  blood-crystals  differing  from  those  developed  ^^J^o^m.\  blooa  ^  ._ 
deprived  of  the  suprarenal  cap-les,  this  view  is  adop^^^^^^^  ^^^^^ 
ties.  In -w  of  these  facts,  and  in  U^  abs^^^^  ^^^^      the  veins,  it 

going  to  the  suprarenal  capsules  by  the  arter  es  ana  re  that  they 

fs  impossible     ^f^^^r^j^^^^^^^  to  the  supposi- 

:rrhr«:;  tjr  i^pti:  otnce .  ^^^^^    t^s  is  a  pure 

hypothesis,  based  upon  no  positive  knowledge. 

Thyroid  Gland. 

The  history  of  this  gland  b.ongs  ^^^^^'^ 
only  physiological  interest  is  m  he        ^^^^^^^^^^^^^^  p„t  of  the  larynx,  foUow- 

glands.    It  has  no  excretory  duct    It  1  f  ^^^^i"^^^^^^  The  anterior  face  is  convex 

Tng  it  in  its  various  movements.  Its  color  is  brownish  red^  i  ^^^^^^^ 
and  is  covered  by  certain  of  the  muscles  of  *  n-^^^^^  J^;,  lateral  lobes,  with  a 
and  is  applied  to  the  larynx  and  trachea.  I*  f  ^"^^^^^^^^  extending  upward,  con- 
rounded,  thickened  base  below  and  a  Y\^2nt\^^lXl  in  length,  three-quarters 
nected  by  an  isthmus.    Each  of  these  lobes  is  abo^^^^^^  ^^^^.^^    The  isth- 

of  an  inch  in  breadth,  and  about  the  same  in  thickness 
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mus  connects  the  lower  portion  of  the  lateral  lobes.  It  covers  the  second  and  third 
tracheal  rings  and  is  about  half  an  inch  wide  and  one-third  of  an  inch  thick.  From  the 
left  side  of  the  isthmns,  and  sometimes  from  tb,e  left  lobe,  is  a  portion  projecting  upward 
called  the  pyramid.  The  weight  of  the  thyroid  gland,  according  to  Sappey,  is  from  three 
hundred  and  fifty  to  three  hundred  and  eighty  grains.  It  is  usually  stated  by  anatomical 
writers  that  it  is  relatively  larger  in  the  foetus  and  in  early  life  than  in  the  adult;  but 
Sappey,  from  his  own  researches,  is  disposed  to  believe  that  its  weight,  in  proportion  to 
the  weight  of  the  adjacent  organs,  does  not  vary  with  age.  It  is  a  little  larger  and  more 
P  prominent  in  the  female  than  in  the  male. 

Structure  of  the  Thyroid  Gland.— The  thyroid  gland  is  covered  with  a  thin  but  resisting 
coat  of  ordmary  fibrous  tissue,  which  is  loosely  connected  with  the  surrounding  parts.  From 
the  internal  surface  of  this  membrane,  are  numerous  fibrous  bands,  or  trabecula)  giving 
off,  as  they  pass  through  the  gland,  secondary  trabecuL-e,  and  then  subdividing  until  they 
become  of  microscopic  size.    By  this  arrangement,  the  gland  is  divided  up  into  communi- 
catmg  cells,  like  a  sponge.    These  bands  are  mingled  with  numerous  small  elastic  fibres 
Throughout  the  substance  of  the  gland,  lodged  in  the  meshes  of  the  trabecula  are  numer- 
ous rounded  or  ovoid  closed  vesicles,  measurmg  from        to  ^  of  an  inch.    These  are 
formed  of  a  structureless  membrane,  and  they  are  lined  by  a  single  layer  of  pale  granidar 
nucleated  cells,  from        to  ^  of  an  inch  in  diameter.    The  layer  of  cells  sometimes 
hues  the  vesicle  completely,  sometimes  it  is  incomplete,  and  somethnes  it  is  wanting 
The  contents  of  the  vesicles  are  a  clear,  yellowish,  slightly  viscid,  albuminoid  fluid  with 
a  few  granules,  pale  ceUs,  and  nuclei.    Eobin  has  described  in  these  vesicles  curiously- 
shaped,  translucent,  feebly-refracting,  colorless  bodies  which  he  has  called  sympesions- 
but  there  is  little  known  of  their  constitution  or  properties.    The  vesicles  are  arranged 
m  httle  coUections  or  lobes,  with  the  great  veins  passing  between  them. 

Vessels  and  mrves.-The  blood-vessels  of  the  thyroid  gland  are  very  numerous,  this 
organ  bemg  supplied  by  the  superior  and  inferior  thyroid  arteries  and  sometimes  by  a 
branch  of  the  innominata.  The  arteries  break  up  into  a  close  capillary  plexus,  surround- 
mg  the  vesicles  with  a  rich  net-work,  but  never  penetrating  their  interior.  The  veins 
are  large,  and,  like  the  hepatic  veins,  they  are  so  closely  adherent  to  the  surrounding 
tissue  that  they  do  not  collapse  when  cut  across.  The  veins  emerging  from  the  gland 
form  a  plexus  over  its  surface  and  the  surface  of  the  trachea,  and  they  then  go  to  form 

2cu    to  intot     T^""  The  lymphatics  are  numerous  bu't  are 

erX'tdmftLTtwTwf  "nT'^       ^^""^^"'^^  ^^^'•"^'^  Gland.-Jt  is  gen- 

wft^Tafy  of  he  V  M       y      ^  '''^'^''^  fr°°^  without  interfering 

Sin  rWn    ?  '""^  ^^''^  ''^''^ connection  with  the  fact  that  it  is  so 

that  its  wttn  .  n    I'T  ^''"^'"'^^        g^^^^l  disturbance,  shows 

im  fclem  a^  be  very  important.    Nothing  of  importance  has  been  learned 

md  b?Z  ,      ^   •  been  ana- 

ndefi'n  te  \^      composition  in  passing  through  the  gland  are  slight  and 

ndefin.  e.  _  An  instance  is  quoted  by  Longet  of  periodical  enlargement  of  the  gland  in  a 
iemale  during  menstruation,  but  there  is  no  evidence  that  this  is  of  constant  occ™ 

Thymus  Gland. 

-hJte?rUm";be  is  co^R  'V  ^'^'"''^  ^^-^^tion, 

onlv  of  fii       I    '     <^onbne6.  to  early  life.    In  the  adult  the  organ  is  wanting  traces 

Spe?,';T4*Z:;^  aA;'"^'^*'  'T'^'r'''' situation  pf;';::?; 

oy  this  gland.    As  there  never  has  been  a  plausible  theory,  even,  of  the  func- 


SECRETION. 

and  give  a  simple  sketch  of  its  structure,  as  compared  with  the  ductless  feianas  y 

of  an  inch  thick.    Its  color  is  Sou  iV  omeSes  there  exists 

T:  '-'-'I  lot  ^Tis^Tp^r^f  —  ther  hy  fibrous  tiss... 

but  a  smgle-lobe.   It  is  composed  ot^^^         _  ^^^^     ^^^^  ^^^^^^     ^  ^^^^^^^ 

menibrane,  sending  processes  into  the  interior  of  the 
organ.  Its  fibrous  structure,  however,  is  loose  so  that 
the  lobules  can  be  separated  with  little  d^ffi^ult^  Por- 
tions of  the  gland  may  be,  as  it  were,  -^^^^f  jl 
loosening  the  interstitial  fibrous  tissue.  In  this  way  it 
^:ni  bTfound  to  be  composed  of  -inerous  lit^e  obu  a 
masses  attached  to  a  continuous  cord.  This  arrange 
ment  is  more  distinct  in  the  inferior  animals  of  large 


JTnJfof  the  human  thymus,  laid  open  in 
r^S-mra.eUeatkymusfromm  calf;  '""-fJoV^ortion.  (Kamker) 

natural  si^e.  , 

..ethaninman.  The  lobules  are  compo^ofround«  J  J^^^^ 
her,  and  from  ^  to  ,V  of  an  inch  ^^^^^f  contain  a  small  quantity  of  an 

finely. granular,  and  excessively  fragile  , ^^^JJ^^g  small  and  transparent,  and  the 
albuminoid  fluid,  with  cells  and  free  nuclei  Jh  ceUs  a  ^^^^^^  f 

nuclei,  spherical,  relatively  large,  and  <;°;  rSnet  nucleoli.  These  vesicles  are  easily: 
nuclei  are  also  rounded  and  contain  sevei  al  distinct  j 
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ruptured,  when  their  contents  exude  m  the  form  of  an  opalescent  fluid,  sometimes  called 
the  thymic  juice. 

Anatomists  are  somewhat  divided  in  their  opinions  with  regard  to  the  structure 
of  the  central  cord  and  the  lohules.  Some  adopt  the  view  advanced  by  Sir  Astloy 
Cooper,  that  the  cord  has  a  central  canal  connected  with  cavities  in  the  lobules ;  while 
others  believe  that  the  cavities  thus  described  are  produced  artificially,  by  the  processes 
employed  in  anatomical  investigation.  The  latter  opinion  is  the  latest  and  is  probably 
correct. 

The  blood-vessels  of  the  thymus  are  numerous,  but  their  caliber  is  small,  and  the  gland 
is  not  very  vascular.  They  are  derived  chiefly  from  the  internal  mammary  artery,  a  few 
coming  from  the  inferior  thyroid,  the  superior  diaphragmatic,  or  the  pericardial.  They 
pass  between  the  lobules,  surround  and  penetrate  the  vesicles,  and  form  a  capillary  plexus 
in  their  interior.  The  vesicles,  in  this  respect,  bear  a  certain  resemblance  to  the  closed 
follicles  of  the  intestine.  The  veins  are  also  numerous,  but  they  do  not  follow  the  course 
of  the  arteries.  The  principal  vein  emerges  at  about  the  centre  of  the  gland  posteriorly, 
and  it  empties  into  the  left  brachio-cephalic.  Other  small  veins  empty  into  the  internal 
mammary,  the  superior  diaphragmatic,  and  the  pericardial.  A  few  nervous  filaments 
from  the  sympathetic  system  surround  the  principal  thymic  artery  and  penetrate  the 
gland.    Their  ultimate  distribution  is  uncertain.    The  lymphatics  are  very  numerous. 

Inasmuch  as  the  thymus  is  pecuhar  to  early  life,  one  of  the  most  interesting  points  in 
its  anatomical  history  relates  to  its  mode  of  development.  This,  however,  does  not  pre- 
sent any-great  physiological  importance  and  is  fully  treated  of  in  works  upon  anatomy. 


Pituitary  Body  and  Pineal  Gland. 

These  little  bodies,  situated  at  the  base  of  the  brain,  are  quite  vascular,  contain  closed 
vesicles  and  but  few  nervous  elements,  and  are  sometimes  classed  with  the  ductless  glands. 
Physiologists  have  no  idea  of  their  function. 

The  pituitary  body  is  of  an  ovoid  form,  a  reddish-gray  color,  weighs  from  five  to  ten 
grains,  and  is  situated  on  the  sella  turcica  of  tlie  sphenoid  bone.  It  is  said  to  be  larger  in 
the  foetus  than  in  the  adult,  and  in  fcetal  life  it  has  a  cavity  communicating  with  the  third 
ventricle.  This  little  body  has  been  studied  by  M.  Grandry,  in  connection  with  the 
suprarenal  capsules.  He  regards  it  as  essentially  composed  of  closed  vesicles,  with  fibres 
of  connective  tissue  and  blood-vessels.  The  vesicles  measure  from  ^  to  ^fg-  of  an  inch 
m  diameter.  They  are  formed  of  a  transparent  membrane,  containing  irregularly  po- 
lygonal, nucleated  cells,  and  free  nuclei.  The  cells  are  from  to  ttVo  of  an  inch  in 
diameter.  The  nuclei  are  distinct,  with  a  well-marked  nucleolus,  and  measure  about 
siiya  of  an  inch.  Capillary  vessels  surround  these  vesicles  without  penetrating  them. 
M.  Grandry  did  not  observei  either  nerve-cells  or  fibres  between  the  vesicles.  In  old 
subjects  he  found  the  pecuhar  concretions  (sympexions)  akeady  described  as  existing  in 
the  thyroid  gland. 

The  pmeal  gland  is  situated  just  behind  the  posterior  commissure  of  the  brain,  between 
the  nates,  and  is  enclosed  in  the  velum  interpositum.  It  is  of  a  conical  shape,  one-third 
of  an  inch  in  length,  and  of  nearly  the  color  of  the  pituitary  body.  It  is  connected  with 
the  base  of  the  brain  by  several  delicate  commissural  peduncles.  It  presents  a  small 
cavity  at  its  base,  and  frequently  it  contains  in  its  substance  little  calcareous  masses,  com- 
posed of  phosphate  and  carbonate  of  lime,  phosphate  of  magnesia  and  ammonia,  and  a 
small  quantity  of  organic  matter.  It  is  covered  with  a  fibrous  envelope,  which  sends 
processes  into  its  interior.  As  the  result  of  the  researches  of  M.  Grandry,  it  has  been 
found  to  present  a  cortical  substance,  entu-ely  analogous  in  its  structure  to  the  pituitary 
body,  and  a  central  portion,  composed  of  the  ordinary  nervous  elements  found  in  the  gray 
matter  of  the  brain.  Its  structure  is  regarded  by  Grandry  as  very  like  that  of  the  medul- 
lary portion  of  the  suprarenal  capsules. 


^gg  NUTRITION. 

It  is  difficult  to  classify  organs,  of  the  function  of  which  we  -'j-^^jf^^;;^ 

analogous  to  that  of  other  organs  of  the  same  class. 


CHAPTER  XV, 

NUTRITION-— ANIMAL  HEAT. 


nutrition-Principles  which  pass  the  orgamsm   rrlnc  p.  f^^_co„ditionB  under  which  fat  exists 

power  and  endurance  by  exercise  (tra:m«g)-Fo  m^^^^  ^^^^^^^  nutrition-Products  o 

n  the  organiBm-Physiological  anatomy  <'^''<'•I7^^*"'"'  ;,^p  man-Variations  with  external 

disasBimilatiou- Animal  heat-Lim  ts  «f  J"'^'""  ™  ™i  tl^^^  periods  of  life-Diurnal  variations 
temperature-Variations  in  diflerent  parts  of  the  body  inanition-Influence  of  exere  se, 

-Kelations  of  animal  heat  to  ''^S''^'  of  animal  heat-Connection  of  the 

cesses-Equalization  of  the  animal  temperature. 

N™.o.  proper,  in  the  Hght  in  wMd.  we  ^^^^^^^^^^^ 
is  the  process  by  wjiich  the  physiological  decay  of  ^^^^^'^'l^  pi^ysiological  processes 
compensated  by  the  appropriation  of  -^-^^^  ^^[^^  ^liLntaLn,  digestion, 
that  we  have  thus  far  studied,  mc  uding  cn  .^^  ^ 

T^^^T:1^^  tteXrai-rs— t,  is  the  gener.  process  of 

^"Sltnre  of  the  main  ^rces  -olv^  ^  -  ^  ^^^^X^ 

like  the  brain  or  muscles,  or  in  a  tissue  ^ff  ;^:^^""'^^^^  'i„^ever,  have  been  studied 
.  nnlmown.    The  phenomena  ^t^-^f^/J^j:^.^^^^^^^^^^^  attained ;  but  we  really 

n^ost  carefully,  and  certam  ^^^'f^^^'^^^ll^^^^  the  causative  force  of  nutrition  in 
find  no  more  satisfactory  explanation  „f  the  ancients, 

the  doctrines  of  to-day  than  m  the  ^P;«;^;J;^;';Xm  o  nutrition  from  a  review  of  the 
We  can  hardly  realize  the  vast  extent  ot  the  F  ob^^m  ot  ^^^^^  ^^^^^.^^  ^ 

functions  which  we  have  already  co^-^^f  „  fcTues  and  secretions,  either  identical 
the  elements  that  enter  into  composition  of  th  ^  --  -^^^  ^.i^.^pies,  or  in  a 
with  them  in  form  and  «°^P°^^^r' ^  .^n^^^^^  characteristic  principles  of  the 
condition  which  aUows  of  t'^-^*^-^/^;^";^^^^^^^^  These  materials  are  supplied  to 
tissues,  as  we  see  in  the  f^^^'f apparatus;  and  oxygen, 

the  tissues,  in  the  required  ^^^^f  f '  * f^J^^ 

which  is  immediately  indispensable  to  j;^^^^^^^^^^  the  tissues  for  materials 

tion.  The  great  nutritive  fluid,  "^^^ production  of  new  matter 
for  their  regeneration,  is  kept  * !rpm ration  by  digestion,  and  its  appropria- 
into  the  syslm  in  alimentation.  Its  eUbo^^^^^^  ^  ,,tion  of  cer- 

tion  by  the  fluids  by  absorption.  Many  j^^^^^  ^-^1  to  the  continuance  of  the 
Lin  secretions.  The  introduction  of  -  f ^^Tge  of  t,e  substance  of  the  tissues 
phenomena  of  life,  is  demanded,  on  ^  ^ *       1^^^^^^^^^    the  animal  organism,  to  be 

Into  what  we  call  efi-ete  matter ;  and  between  these  two  great 

appropriated  by  vegetables,  and  thus  mamtam  the  equu 

kingdoms  in  Nature.  j      organism  to  undergo  change  mto 

What  is  it  that  causes  the  parts  ot  a  iivmg 
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effete  matter,  incapable  of  any  further  animal  functions ;  and  what  is  it  that  gives  to 
these  parts  the  power  of  self-regeneration,  when  now  matter  is  presented  under  proper 
conditions? 

These  questions  are  the  physiological  ignis  fatuua,  which,  it  is  to  be  feared,  will  forever 
elude  the  grasp  of  scientific  inquiry.  They  constitute  one  of  the  great  mysteries  ever 
present  in  the  mind  of  the  student  of  Nature,  and  one,  the  grandeur  of  which  is  so 
immense  that  it  is  a  problem  with  which  our  intelligence  can  scarcely  grapple.  Its 
greatness  is  commensurate  with  that  of  the  question  of  the  soul,  and  its  relations  to  the 
finite  and  the  infinite ;  a  question  which  philosophers  have  been  constrained  either  to 
admit  upon  the  faith  of  revelation  or  to  hopelessly  abandon.  Little  if  any  real  progress 
is  to  be  made  by  endeavoring  to  cover  the  inscrutable  problem  of  Hfe  with  a  simplicity 
entirely  artificial.  This  wiU  always  be  attractive,  and,  to  a  certain  extent,  satisfactory  to 
the  minds  of  those  unacquainted  with  the  details  of  natural  laws  or  willing  to  admit 
speculative  theories  upon  subjects  concerning  which  it  is  impossible,  in  the  present  con- 
dition of  science,  to  have  any  positive  information  ;  and,  if  generally  admitted  by  biologi- 
cal students,  it  would  carry  our  science  back  to  the  dark  periods  in  its  history,  when  the 
study  of  Nature  was  confined  to  speculation,  and  there  existed  no  knowledge  based  upon 
the  direct  observation  of  phenomena.  A  new  name,  arbitrarily  applied  to  organic  matter 
without  any  addition  to  its  physiological  history,  does  not  advance  our  definite  knowledge. 
For  example,  it  has  long  been  known  that  certain  nitrogenized  constituents  of  the  organ- 
ism, classed  collectively  as  organic  principles,  seem  to  give  to  the  tissues  their  property 
of  self-regeneration  and  development.  It  may  seem  to  those  not  engaged  in  scientific 
inquiry  that  a  recital  of  the  wonderful  properties  of  "  protoplasm  "  affords  some  additional 
information  concerning  the  phenomena  observed  in  organized  bodies  ;  but  the  true  defi- 
nition of  the  term  leads  us  back  to  our  former  ideas  of  the  so-called  vital  properties  of 
organic  matters. 

It  is  a  weU-established  fact  that,  while  nearly  all  of  the  tissues  undergo  disassimila- 
tion,  or  conversion  into  effete  matter,  during  their  physiological  decay  in  the  living  or- 
ganism, others,  like  the  epidermis  and  its  appendages,  are  gradually  desquamated,  and, 
when  once  formed,  do  not  pass  through  any  farther  changes.  The  whole  question  of  the 
essence  and  nature  of  the  nutritive  property  or  force  resolves  itself  into  vitality.  Life  is 
always  attended  with  what  we  know  as  the  phenomena  of  nutrition,  and  nutrition  does 
not  exist  except  in  hving  organisms.  When  we  can  state  positively  what  is  life,  we  shall 
know  something  of  nutrition.  At  present,  physiologists  have  been  able  to  define  life 
only  by  a  recital  of  certain  of  its  invariable  and  characteristic  attendant  conditions,-  and 
yet  there  are  few,  if  any,  definitions  of  life-regarding  it  as  the  sum  of  the  phenomena 
peculiar  to  living  organisms— that  are  not  open  to  grave  objections. 

If  we  regard  life  as  a  principle,  it  stands  in  the  relation  of  a  cause  to  the  vital  phe>- 
nomena ;  if  we  regard  it  as  the  totality  of  these  phenomena,  it  is  an  effect. 

If  we  study  the  development  of  a  fecundated  ovum,  life  seems  to  be  a  principle,  giv- 
ing the  wonderful  property  of  appropriating  matter  from  without,  until  the  germ 
becomes  changed,  from  a  globule  of  microscopic  size  and  an  apparently  simple  structure 
into  a  complete  organism  with  highly-elaborated  parts.  This  organism  has  a  definite 
torm  and  size,  a  definite  period  of  existence,  and  it  produces,  at  a  certain  time,  generative 
elements,  capable  of  perpetuating  its  life  in  new  beings.  We  may  say  that  an  organism 
dies  physiologically  because  the  vital  principle,  if  we  admit  the  existence  of  such  a  prin- 
ciple, has  a  limited  term  of  existence.  But,  on  the  other liand,  the  fully-developed  li^^ng 
organism,  which  we  call  an  animal,  presents  numerous  distinct  parts,  each  endowed  with 
nn  indepondcnt  property  called  vital,  that  property  recognized  by  Ealler  in  various  tis- 
sues under  the  name  of  irritability;  and  it  is  the  coordinated  sum  of  these  vitalities  that 
constitutes  the  perfect  being.  These  are  more  or  less  distinct ;  and  we  do  not  commonly 
TJZ  ^^"^J^^"^'!  «™"lt<™eous  arrest  of  the  vital  properties  in  all  the  tissues,  in 
wiiat  we  call  death.    For  example,  the  nerves  may  die  before  the  muscles,  or  the  mus- 
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cles  before  the  nerves.  It  is  also  found  that  vital  properties,  apparently  lost  or  destroyed, 
may  be  made  to  return;  as  in  resuscitation  after  asphyxia,  or  iu  the  restoration  ot  mus- 
cular or  nervous  irritability  by  injection  of  blood. 

The  life  of  a  fecundated  ovum  is  the  property  which  enables  it  to  undergo  a  certam 
development  when  placed  under  favorable  conditions;  and,  by  the  surroundmg  condi- 
tions, its  development  may  be  arrested,  suspended,  or  modified.  The  life  of  a  non-fecun- 
dated ovum  is  like  that  of  any  ordinary  anatomical  element. 

The  life  of  an  anatomical  element  or  tissue  in  process  of  development  is  the  property 
bv  virtue  of  which  it  arrives  at  its  perfection  of  organization  and  performs  certain 
defined  functions,  as  far  as  its  organization  will  permit.  This  can  also  bo  destroyed, 
suspended,  or  modified  by  surrounding  conditions. 

The  life  of  a  perfect  anatomical  element  or  tissue  is  the  property  which  enables  it  to 
regenerate  itself  and  perform  its  functions,  subject,  also,  to  modifications  from  surround- 

'""^The  Ufe  of  a  perfect  animal  organism  is  the  sum  of  the  vitalities  of  its  constituent 
parts-  but  a  being  may  live  with  the  vitality  of  certain  parts  aboUshed  or  seriously 
modified,  as  a  man  exists  and  preserves  his  identity  with  a  limb  amputated.  Life  may 
continue  for  a  long  time  without  consciousness,  or  with  organs  paralyzed  or  their  func- 
ion  destroyed;  but  certain  functions,  such  as  respiration  and  circulation,  are  indispensa- 
ble to  the  Nutrition  of  aU  parts,  and  the  vitality  of  the  diflerent  tissues  is  speeddy  lost 
when  these  processes  are  arrested,  and  the  being  then  ceases  to  exist. 

These  considerations  make  it  evident  that  it  is  difficult,  f  not  ^-P°«-f ' 
single,  comprehensive  definition  of  life,  a  study  of  the  varied  phenomena  of  which  con- 
stitutes the  science  of  physiology.  .  ^  n  ^  „  „f  r,,attpr  frnm  with- 
The  general  process  of  nutrition  begins  with  the  mtroductaon  of  matter  ^om  with 
out  called  food.  It  is  carried  on  by  the  appropriation  of  this  matter  by  the  organ- 
2  I  Ts  attended  with  the  production  of  excrementitious  principles  and  he  develop- 
Tnt  of  eertaVn  phenomena  that  we  have  not  yet  studied,  the  most  important  of  which  is 
Tp  ductfon  o'f  heat.  We  shall  have  little  to  say  about  food,  beyond  -^at  -  ^^^^^^^ 
already  considered  under  the  head  of  alimentation,  except  to  classify  the  alimentary 
p^ciples  with  reference  to  their  relations  to  the  general  process  of  nutrition. 

Principles  which  pass  through  the  Organism. 
All  of  the  inorganic  principles  taken  in  with  the  food  pass  out  of  the  o^g^-'^^^^^ 

.  ^^^^^^^^ 

the  Lorides  as  constituent  parts  of  every  ^j-^ -Jj/^^^/^f^^  separated 
closely  united  with  the  nitrogenized  prmc.ples  *f  f/^. ^^J^^^^^^^  I  their 
without  incineration.  Those  morganic  matters,  the  fu^^^^^^^  ^^^^ 

passage  through  the  body,  are  '^-^^  ^'^X  Z^'^^^^^^^  excretions; 

abundant  in  the  solids.    They  are  contained  in  q^™*;^' al  o.  ^  . 

and  any  excess  over  the  amount  act-Ey  requir  d  by  the^^^^^^^^^^^ 

way.  Other  inorganic  matters  are  ^-^ff^l'^^r^'^^'^T  i^^^  of  principles  of 
and  they  are  more  abundant  in  the  solids  than  in  the  fl^f  £  ,  eondition 

this  class  are  the  salts  of  lime,  particularly  the  pl^osphates      ^  rprincSes     all  of  their 
of  intimate  union  with  organic  matter,  and  they  accompany  these  pimcp 
Bo-called  vital  acts.  „„i,  oo  t-hn /Ipromnosition  of  the  bicar- 

If  we  except  certain  simple  chemical  changes,  such  as  the  decomposii 
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bonates,  the  inorganic  elements  of  food  do  not  necessarily  undergo  any  modification  in 
the  process  of  digestion.  They  are  generally  introduced  already  in  combination  with 
organic  matter,  and  they  accompany  it  in  the  changes  which  it  passes  through  in  digestion 
assimilation  by  the  blood,  deposition  in  the  tissues,  and  the  final  transformations  that 
result  in  the  various  excrementitious  matters;  so  that  we  find  the  inorganic  principles 
united  with  the  organic  matter  of  the  food  as  it  enters  the  body,  and  what  seem  to  be 
tlie  same  principles  in  connection  with  the  organic  excrementitious  matters.  Between 
these  two  extremes,  however,  are  the  various  operations  of  assimilation  and  disassimila- 
tion,  from  which  inorganic  matter  is  never  absent.  As  we  have  not  yet  taken  up  fully 
the  connection  of  the  various  inorganic  matters  with  nutrition,  it  will  be  convenient  here 
to  give  a  brief  review  of  the  difi"erent  individual  principles  of  this  class. 


Inorganic  Principles. 

The  number  of  these  principles  now  well  established  as  existing  in  the  human  body 
IS  about  twenty-one.  All  substances  which  at  any  time  exist  in  the  body  are  proximate 
principles;  but  some  are  found  in  small  quantities,  are  not  always  present,  and  apparent- 
ly have  no  very  important  function.  These  will  be  passed  over  rapidly  as  well  as 
those  which  are  so  intimately  connected  with  some  important  function  as  to  render  their 
lull  consideration  in  connection  with  that  function  indispensable.  The  following  is  a 
ist  of  the^most  important  inorganic  principles,  excluding  those  which  are  excrementi- 
tious and  one  or  two  which  are  not  yet  weU  established : 


Table 
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Proximate  Principle. 
'Oxygen. 
Hydrogen. 
Nitrogen. 

Carburetted  hydrogen. 
Sulphuretted  liydrogen. 
Water. 

Chloride  of  sodium. 
Chloride  of  potassium. 

Phosphate  of  lime  (basic). 
Carbonate  of  lime. 

Carbonate  of  soda. 

Carbonate  of  potassa. 
Phosphate  of  magnesia. 
Phospliate  of  soda  (neutral). 
Phosphate  of  potassa. 
Sulphate  of  soda. 
Sulphate  of  potassa. 
Sulphate  of  lime. 
Hydrochlorato  of  ammonia. 
Carbonate  of  magnesia. 
Bicarbonate  of  soda. 


of  Inorganic  Principles. 

Where  fovnd. 
Lungs  and  blood. 

Gases  of  stomach  and  colon,  and  blood. 
Lungs,  intestinal  gases,  and  blood. 
Lungs  (expired  air),  intestmes. 
Lungs  (expired  air),  intestines. 
Universal. 

Universal,  except  the  enamel. 

Musdes,  liver,  milk,  chyle,  blood,  mucus,  saliva,  bile,  gas- 
tric juice,  cephalo-rachidian  fluid,  and  urine. 
Universal. 

Bones,  teeth,  cartilage,  internal  ear,  blood,  sebaceous  mat- 
ter, and  sometimes  the  urine. 

Blood,  bone,  saliva,  lymph,  cephalo-rachidian  fluid,  and 
urine. 

Blood,  bone,  lymph,  and  urme. 

Universal. 

Universal. 

Universal. 

Universal,  except  milk,  bile,  and  gastric  juice. 
Same  as  sulphate  of  soda. 
Blood  and  fasces. 

Gastric  juice,  saliva,  tears,  and  urine. 

A  trace  in  the  blood  and  sebaceous  matter. 

Blood  (Liebig). 
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small  quantity  and  is  taken  np  by  tlie  blood  and  oxhaleU  by  ^'^e  lu  b  , 
tion,  ^ihen  the  blood  f p^.e  byW. 
m  the  intestinal  canal.    Oarbuietted  '^"^  (  ^    seous  state  in 

are  found  in  jJ^^^^V  ^^^^^^^  the  clents  of  the^arge  intestine, 

the  alimentary  canal.    Fiom  ,  hvdrotren  in  considerable  quantity;  but 

we  should  suspect  the  presence  II^^^^I^XTs^oZ^  and  intesUnes,  large  as 
actual  analysis  has  «^'°^^"  tflv  of  nitrogen  with  hydrogen  and  carburetted  hydrogen 
well  as  small  is  composed  ^-A^     "^^^^^^^^^^^  hut  a  trace  of  sulphu- 

in  about  equal  foi-         (fi^^^^^^^^^^  P  ^^^^^^.^  ^^.^^ 

retted  hydrogen    W i  h  f^^-^^V^^^  J  ^p'ortant  place  among  the  proximate  principles. 
Tt  fhlir^rctt:  whether  it  he'important  or  not,  is  but  little  understood. 

,.«.._This  principle  exists  in  all  ;n  ^h.  ^^^^^^^ 

as  the  lachrymal  fluid  and  perspiration        ^'"j^^Xls  a^^^^^^^  it  does  not  exist  as 

as  the  hones  and  the  enamel  of  the  eeth.  In  ^'^^^^^^^^^^^^^^  the  tissues  are 

water,  hut  it  enters  into  their  structure,  '^^"^^"f.  f  ,\;°;;\teft  an^^  even  in  the  enamel, 
characterized.  For  example,  we  have  water  m  the  ^J-^^^  '^^^^^^^  incorporated  into 
not  contained  in  the  interstices  of  their  s  ru  ture  as  ^  »  |,„^position. 
the  substance  of  the  tissue.    In  ^l^^^^.  '  ^  ^ 

During  the  process  of  nutrition,  ^^er  is  depos^^^^^^^^^^^^  .^^^ 
prmciples,  as  we  have  it  incorporated  m  the  ^'^^^.t^^;^^  '        ^^t,?  of  crystallization. 
?he  proce;s  of  crystallization,  when    ^  ^To^oraSf  t^e  su^^^^^^    of  organic  mat- 
In  the  interior  of  the  body,  water  is  thus  ^^^^  P^^^^^^^^.,     taUiza      and  the  water 
ters,  which  are  of  indefinite  chemical  «°7°^^^°^.,^^^^^^^^  propo;tions,  assuming 

enters  into  tl^eir  composition,  within  cer^  ^^g^^.,^ 
the  consistence  of  the  organic  substance  ^^  P^  /water  as  an  integral  constituent 
from  a  purely  chemical  point  of  view,  we  must  consmer 

of  the  tissues  and  not  as  merely  absorted  ll^!^^-       ^^.^^  of  ^ater,  and  this  is  neces- 
AU  the  organized  structures  '^^'^'\\'lXn^^^^       a  normal  muscle  be  consid- 
sary  to  the  performance  of  aU  or  any  of  ^^^^  ''J;;^'^^^^^^^^^^  or  albumen,  as  a  nutri- 

ered  as  a  contracting  organ,  and  a  nerve,  as  a  Jj.^^^ts.    It  is  necessary  to 

clianged.  „.„„^;r>  substance  contams  is  important ;  and  it  is 

The  quantity  of  water  which  each  organic  sub stanc  ^^^^^  ^^^^^.^ 

provided  that  this  quantity,  though  -'^^Sf/l  ^  "^'the  following  facts :  In  the  first 
L.    The  truth  of  this  proposition  ^^^J^^^^""  fini^^  quantity  of  water  to  give 

place,  all  organs  and  tissues  nmst  contain  a  '^l^'f^^  ,2  of  water  in  the  system, 
?hem  proper  consistence.  The  ^^^^f  j^^/J^/l^.^^eU  laiown  to  the  practical  physi- 
and  consequently  a  diminution  of  f  VJ^opsies,  and  various  other  indications 

cian.    General  muscular  ^^^^I'ty,  lo  «  o^J^^^^^^^^  ^^^i.ion  -,  while  a  deficiency  of 

of  imperfect  nutrition,  are  among  'l^'^^l^ion  of  thirst,  which  leads  to  its  mtroduc- 
water  is  immediately  made  known  by  the  sensation 

tion  from  without.  .  ^    q^^^^    semisolids,  or  solids,  without 

The  fact  that  water  never  exists      ^"^JX  c^^^^^^ 
being  combined  with  inorganic  salts,  and  ^^^^^^^^^^^^^^  The  presence  of  these 

its  proportion  in  various  situations  is  to  a  <^^^'^'^^l'  ^.,ter  entering  into  then-  corn- 
salts  influences,  in  the  semisolids  at  least,  tl-^J^J^;  J  ^  ^,,y  sHnple  experhnent  shows 
position,  and  consequently  it  regulates  then  consistence. 
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this  with  reference  to  the  chloride  of  sodium.    If  a  piece  of  muscle  be  placed  in  a  strong 
solution  of  common  salt,  as  in  salting  meat,  it  becomes  harder  and  loses  a  portion  of  its 
water  of  composition ;  but,  if  it  be  exposed  to  tbe  action  of  pure  water,  it  absorbs  a  cer- 
tain quantity  and  becomes  softer.    The  nutrient  fluid  of  the  muscles  during  life  contains 
water  with  just  enough  saline  matter  to  preserve  the  normal  consistence  of  the  parts 
Tliis  action  of  saline  matters  is  even  more  apparent  in  tlie  case  of  the  blood-corpuscles' 
If  pure  water  be  added  to  the  blood,  these  bodies  swell  up  and  are  finally  dissolved  • 
while.  If  we  add  a  strong  solution  of  salt,  they  lose  water  and  become  slirunken  and  cor- 
rugated.   Their  natural  form  and  consistence  can  be  restored,  however,  even  after  they 
have  been  completely  dried,  by  adding  water  containing  about  the  proportion  of  salt 
which  exists  in  the  blood-plasma.    It  seems  clear,  then,  that  water  is  a  necessary  ele- 
ment of  all  tissues  and  is  especially  important  to  the  proper  constitution  of  organic  nitro- 
genized  substances;  that  it  enters  into  the  constitution  of  these  substances,  not  as  pure 
water,  but  always  m  connection  with  certain  inorganic  salts  ;  that  its  proportion  is  con- 
fined withm  certam  limits;  and  that  tlie  quantity  in  which  it  exists,  in  organic  nitrogen- 
ized  substances  particularly,  is  regulated  by  the  quantity  of  salts  which  enter  with  it 
into  the  constitution  of  these  substances.  ' 

The  quantities  of  water  which  can  be  driven  off  by  a  moderate  temperature  (212° 
Fahr.)  from_  the  different  fluids  and  tissues  of  the  body  vary  of  course  very  consider- 
ably, accordmg  to  the  consistence  of  the  parts.  The  following  is  a  list  of  the  quantities 
in  the  most  important  fluids  and  solids : 


."2 
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Table  of  Quantities  of  Water. 

In  Enamel  of  the  teeth   Parts  per  1^000. 

"  Epithelial  desquamation  

"Teeth   "^^ 

"Bones  

"  Tendons  (Burdach)  50O 

"  Articular  cartilages  

"  Skin  (Weinholt)  1 

"  Liver  (Frommherz  and  Gugert)  „,  „ 

"  Muscles  of  man  (Bibra)          hp 

"  Ligaments  (Chevreul)  ^68 

"  Mean  of  blood  of  man  (Becquerel  and  Eodier)  /7<,0 

"  Milk  of  human  female  (Simon)  

"  Chyle  of  man  (Kees)..  . 

"BOe    


TJrine . 


88Y 
904 
905 
933 


"  Human  lymph  (Tiedemann  and  Gmelin)   gco 

"  Human  saliva  (Mitscherlich). . .  .„„ 

"  Gastric  juice    

"Perspiration     ^^'^ 

"Tears  •  •  ^ ' ^ ! ' ! ' " ! !  1 ! " !  1 ! ! ! ! ! ! ! ! ! T 

"  Pulmonary  vapor  ' ' 997 

watfZ-'r-'''Ci,^f'^-~f^'''  ^^"'^'^'^  respecting  the  condition  in  which 

water  exists  in  the  body,  there  remains  but  little  to  say  concerning  its  function    As  a 

1  tTa^  tol^^^^^  • '''''  *°  '''''''''' tendons  then,  pi  a 
and  as  we  bf  """''''"'^     ''''  P°^^'^^  °f  ''^^i^tance  of  the  bones 

lot    l\^^''\^^''^^y  i«  essential  to  the  proper  consistence  of  all  parts  of  th^ 
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IS  to  ''^  '^^^^^^^^  The  latter  estimate,  however,  presents  very  great 

tity  with  that  which  is  Uiscnargeu.    i  ^^^.^^  ^^^^  ,^ 

difficulties    As  water  ^^^^^^^^  dependent 

the  expired  air,  the  quantities  ^^^^^  f^^'^'^'f  ^,^^^^1^3  ,tc.,  and  even  if  constant  they 
upon  exercise,  t-perature^^e  J^^^^^^^^^^^  point  have  been  under- 

:;"us~^  an!  others,  hu?  they  are  not  sufficiently  coin- 

plete  to  settle  the  question.  .  introduced  with 

^  In  the  present  state  of  our  ^-^2':tZ':tZ::^  Z  StTt  e'apes  hy  the  urine, 
the  fluid  and  boM  elenie^^^^^^^^  water  is  produced  de  no.o  in  the 

fajces,  lungs,  and  skm.  There  is  no  ^iroc  ^^^j, 
interior  of  the  body.    In  the  issue  of  water  by  ^^^^  ^^Jf^^J^J^  \^  ^^l.tion  to  each 

observed  that,  in  point  of  activity,  ^l^^  ^73;^,^ ^  a  large  quan- 

otber.  When  the  skin  is  inactive,  as  in  cold  ^^^^t^^-^;-  J    discharged  by  the  kid- 

tity  of  water;  and,  when  the  skin  is  ^  -J'^^^^J^^^^lTe laTe  to  act  as  diapho- 

employing  measures  to  diminish  the  action  of  the  skin. 

together  the  chlorides  of  sodium  and  potassium.  estimated;  nor, 

The  quantity  of  chloride  of  sodium  m  the  ^I'^.'^^fl"^^^^^^  ia  the  various 

in  some  of  the  most  important  of  the  fluids  and  sohds : 

Table  of  Quantities  of  Chloride  of  Sodium. 

  4-210 

In  Blood,  human  (Lehmann)                ^'^^'^ 

"  Chyle  (Lehmann)     4-120 

"  Lymph  (Nasse)  '    ^'^"'^ 

"  Milk,  human  (Lehmann)   1-530 

"  Saliva,  human  (Lehmann)  •  •  •  •  •  •••••• ' ' "   B-433 

"  Perspiration,  human  (mean  of  three  analyses,  Pmtti).. .....  •  •   ^.2so 

"  Urine  (maximum) )  (    4-610 

"     "    (mean)       >  Valentin.  <   2"^°° 

"     "    (minimum)  )  ^     3-010 

"  Fffical  matters  (Berzelius)  

,  r.f  ih\<i  nrinciple  is  undoubtedly  im- 

Function  of  Chloride  of  Sodiurn.^Jhe  ^-^^'^jl^^ll^  to  enter  into  the  substance 

portant,butitis  not  yet  ^^^J  ^^^^'^^''^^.^iXTani  ^ 
of  the  organized  solids  and  semisolids  as  an  impo.tant 
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ly  it  exercises  its  chief  function  in  the  fluids.  It  certainly  determines,  to  a  great  extent 
the  quantities  of  exudations,  regulates  absorption,  and  serves  to  maintain  the  albuminoids 
especially  those  contained  in  the  blood,  in  a  state  of  fluidity.  Albumen  is  coagulated  by 
heat  with  much  greater  difliculty  in  a  solution  of  chloride  of  sodium  than  when  mixed 
with  pure  water.  A  strong  solution  of  common  salt  is  capable  of  dissolving  caseine  or 
of  preventing  the  formation  of  flbrin.  We  have  already  alluded  to  the  fact  that  it  is 
the  chloride  of  sodium  particularly  which  regulates  the  quantity  of  water  entering  into 
the  composition  of  the  blood-corpuscles,  thereby  preserving  their  form  and  consistence- 
and  that  it  seems  to  perform  an  analogous  function  with  regard  to  tlie  other  semi- 
solids of  the  body.  As  to  the  general  function  of  this  substance,  the  following  proposi- 
tion of  Liebig  is  adopted  by  Robin  and  Verdell,  and  a  little  reflection  will  show  that  it 
is  sustained,  as  far  as  we  know,  by  the  facts : 

"  Common  salt  is  mtermediate  in  certain  general  processes,  and  does  not  participate 
by  its  elements  in  the  formation  of  organs." 

In  the  first  place,  the  fluids  of  the  body  are  generally  intermediate  in  their  functions, 
containing  nutritious  elements,  which  are  destined  to  be  appropriated  by  the  tissues  and 
organs,  and  worn-out  elements,  which  are  to  be  separated  from  the  body.    In  the  blood 
and  cliyle,  chloride  of  sodium  is  found  in  greatest  abundance.    As  the  nutrition  of  organs 
occurs,  which  consists  in  the  fixation  of  new  proximate  principles,  chloride  of  sodium  is 
not  deposited  in  any  considerably  quantity,  but  it  seems  to  regulate  the  general  process  at 
least  to  a  certain  extent.    In  all  civilized  countries,  salt  is  used  extensively  as  a  condi- 
ment, and  It  undoubtedly  facilitates  digestion  by  rendering  the  food  more  savory  and 
increasing  the  flow  of  the  digestive  fluids;  here,  likewise,  acting  simply  as  an  interme- 
diate agent.    There  is  nothing  more  general  among  men  and  animals  than  this  desire  for 
common  salt.    The  carnivora  crave  it  and  obtain  it  in  the  blood  of  animals  •  the  her- 
bivora  frequent  "  salt  licks  "  and  places  where  it  is  fonnd,  and  relish  it  when  mixed  with 
their  food;  and  by  man  its  use  is  almost  universal.    In  the  domestic  herbivora,  the 
efl-ect  of  a  deprivation  of  this  article  is  very  marked  and  has  been  made  the  subiect  of 
some  very  interesting  experiments,  by  Boussingault.    This  observer  experimented  upon 
two  lots  of  buUocks,  of  three  each,  all  of  them,  at  the  time  the  observations  were  com- 
menced, being  perfectly  healthy  and  m  fine  condition.    One  of  these  lots  he  deprived 
entirely  of  salt,  except  what  was  contained  in  their  fodder,  while  the  other  was  sup- 
plied with  the  usual  quantity.    No  marked  difi-erence  in  the  two  lots  was  noticed  nntil 
between  five  and  six  months,  when  the  difference  in  general  appearance  was  very  distinct 
The  ammals  receivmg  salt  retained  their  fine  appearance,  while  the  others,  though  not 
diminished  m  flesh,  were  not  so  sleek  and  fine.    At  the  end  of  a  year  the  difference  was 
very  marked.   The  hides  of  those  which  had  been  deprived  of  salt  were  rough  and  ragged 
and  their  appearance  listless  and  inanimate,  contrasting  strongly  with  the  sleek  appearance 
Ic^  ivTrfr -P--i-ents  of  Boussingault  are'the  most 

Ton  n  JHHn      t7        r"""  ''^''^  *°      ^fl"^°<=^  «f  «M°'-ide  of  sodium 

upon  nutrition.  They  indicate  a  certain  deficiency  in  the  nutrition  of  animals  deprived 
ot     hut  not  any  considerable  loss  of  weight.    Before  these  observations  were  made, 

mon        a'AT  "^P^^  '^^'P'  ^^^'^  ^^'^  «°^«^^ed  for  three 

Txoe  !  f      If  ^^""^  Vresented  a  considerable 

excess  of  weight  (about  22f  lbs.)  over  the  others 

It  is  a  significant  fact  that  the  quantity  of  chloride  of  sodium  existing  in  the 

intrS     1  f ;    I  '  '^''''''^'^^  ''^  b^a'-s  a  i-el^-^tion  to  the  amount 

n  reduced  as  food,  but  the  proportion  in  the  blood  is  constant.  This  is  anoZ- 
act  m  favor  of  the  view  that  the  presence  of  a  definite  quantity  of  common  salt  in 

^le^cnrculating  fluid  is  essential  to  the  proper  performance' of  the^enerai  rction  Tf 

Origin  and  Discharge  of  CMoride  of  Sodium.-This  substance  is  always  introduced 
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source  is  not  sufcc.en  to  supply  tj«  ^^.^^^  ^^^^  ^^^^  ^^tiinated  hy  Barral 

as  salt.    The  quantity  whu>h  is  disc  ^^^^^  disappearing;  hut 

to  be  somevvhat  ^^^^J^^^^  L  the  amount  thrown  off  in  the  perspiration  has 

these  f -  aterta  neT^  e^^^^^^  in  the  blood  in  connection  with  the  phosphate 
never  been  duectly  a.certai^^^^^  a  double  decomposition  which  takes  place 

of  potassa        ,  ^f/^J  ^.J^J.l^J  I  Z  formation  of  chloride  of  potassium  and  phos- 
:r  to  furnish  the  soda  to  all  the  salts  which  have  a  soda 

dislarg^d^ln  ai?  the  'xcretions,  being  thrown  off  in  the  urine,  f.ces,  perspiration, 


and  mucus. 


CMoricle  of  Fotassium.-G^.lonae  of  potassium,  although  -  ^^^^^^^^^^ 
mate  principle  as  the  chloride  of  sodium  nor  .^^^^^^^^^^^^^^ 
seems  to  have  an  analogous  function.    It  is  found  in  ^^^^^^  It  is  exceedingly 

mucus,  saliva,  bile,  gastric  juice,  cephalo-rachidian  fl^^^'/J^^^^^  quantity  in  these 
solubi;  and  in  these  situations  it  exists  in  '^'f^V^^'^nevJ^^^^^^  estLated  in 
situations  has  not  been  accurately  ascertamed  ^tlTit  eZTLleve^  in  a  larger 
eonnectionwiththechloride  of  sodium.  per  1,000; 

proportion  than  common  salt.    In  cow  s  mi  l.,  ^^^ize 

sal  distribution,  is  by  far  the  more  ™P°f  ,^t,tance  has  two  sources ; 

Origin  and  Discharge  of  GUoride  oj  ^''^^  ^^^^^  /  the  other  in  a 

one  in  the  food,  existing,  as  it  does,  m  -^-^^f^^^^'^l^e  cilorid^  of  sodium,  forming 
chemical  reaction  between  the  phosphate  of  POtas  a  and  the  ch  o  .^.^^  ^^^^^ 

the  chloride  of  potassium  and  ^^^^f  ^Pj^haf  the  ingeS  of  a  considerable  quantity 
placeinthebody  is  evident  from  ^  ^^^^^  ^na-ease  the  quantity  of  chloride 
of  common  salt  has  been  found,  in  the  ^^^^eP'  ^«  amount  of  chloride 


of  sodium 
mucus. 


„e  ofZi^e.-T.^s  s^  is  ^-d  ^^^^^^^^^^^ ^l^S  c^:^ 
is  always  united,  in  the  solids,  with  its  functions  so  essen- 

tution,  it  is  hardly  second  in  importance  to -ater.  It  dm  ^^^^^^^^ 
tially  from  the  chlorides  of  sodium  .^^^XSTn^hXcW  the  body  by  virtue  of  free 
It  is  insoluble  in  water,  but  is  held  m  f '^t  °n  i^^^^^  semi- 
carbonic  acid,  the  bicarbonates,  and  the  ^^^tttt  T^.ter-,  i.  e.  it  is  incorporated, 
solids,  the  condition  of  its  existence  is  t^^  ^^^^^^^^^^^^^^^  of  the  tissue  and  is  one 

particle  to  particle,  with  the  "''g^^^^^^f^^^'^™  completely  separated  withoiit 
of  its  essential  elements  °Vr^  n  Herf  wirreUd  to  this  mode  of  union  in  the 
incineration.  Nothing  need  be  added  ^^^^"^  ?  f  ^^^f  i^een  said  under  the  head  of 
body  of  organic  and  inorganic  substances,  after  what 

:er.  .-x-    «f  ^i,n«r.h<ite  of  lime  in  various  situa- 

Se  following  table  gives  the  relative  quantities  of  phosphate 


water, 

t: 

tions 


INOEGANIO  PEINCIPLES. 


495 


I 


Table  of  Quantities  of  Phosphate  of  Lime. 

Pnrts  per  1,000. 

In  Arterial  blood,  ^^^^^^^  (   0-79 

"  Venous  blood,  (  \   Q.^g 

"  Milk,  human  (Pfaffand  Schwartz)   2-50 

"  Saliva  (Wright)   'J' 0-60 

"  Urine,  proportion  to  weight  of  ash  (Pleitmann)   25-70 

"  Excrements  (Berzelius)   40'00 

"  Bone  (Lassaigne)  '400-00 

"  Vertebra  of  a  rachitic  patient  (Bostock)  ' "  '  'isg-oo 

"  Teeth  ofan  infant  one  day  old 

"  Teeth  of  adult  

"  Teeth,  at  eighty-one  years, 
"  Enamel  of  the  teeth  


Lassaigne 


.510-00 
.610-00 
.660-00 
.885-00 


By  tliis  table  it  is  seen  that  the  phosphate  of  lime  exists  in  very  small  quantity  in  the 
fluids  but  13  abundant  in  the  solids.    In  the  latter,  the  quantity  is  in  proportion  to  the 
hardness  of  the  structure,  the  quantity  in  enamel  being,  for  example,  more  than  twice 
that  m  bone.    The  variations  in  quantity  with  age  are  very  considerable.    In  the  teeth 
of  an  mfant  one  day  old,  Lassaigne  found  510  parts  per  1,000;  in  the  teeth  of  an  adult 
610  parts ;  and  in  the  teeth  of  an  old  jnan  of  eighty-one  years,  660  parts.    This  increase 
in  the  calcareous  elements  of  the  bones,  teeth,  etc.,  in  old  age  is  very  marked-  and  in 
extreme  old  age  they  are  deposited  in  considerable  quantity  in  situations  where  there 
existed  but  a  small  proportion  in  adult  life.    The  system  seems  to  gradually  lose  the 
property  of  appropriating  to  itself  organic  matters ;  and,  although  articles  of  food  are 
digested  as  well  as  ever,  the  power  of  assimilation  by  the  tissues  is  diminished.   The  bones 
become  brittle,  and  fractures,  therefore,  are  common  at  this  period  of  life,  when  disloca- 
tions are  almost  unknown.   Inasmuch  as  the  real  efficiency  of  organs  depends  upon  organic 
matters,  the  system  actually  wears  out,  and  this  progressive  change  finally  unfits  the 
various  pai;^^s  for  the  performance  of  their  functions.    An  individual,  if  he  escape  acci- 

organism  P'''''  '^'^  ^^'^^      "  ^^P^^  ^^^^'^"S       of  his 

intn^r''''\f  f 3^l3,tance,  as  before  remarked,  enters  largely 
into  th  constitution  of  the  solids  of  the  body.    In  the  bones  its  function'is  most  appar 

parts,  giving  them  their  power  of  resistance,  without  rendering  them  too  brittle  It  is 
Ttltodvl "  -'-^^         to  sustain  tL  we  gM 

rati     than^  '  f       ^PP^"*  ^^^remities;  and  in  the  ribs,  which  are  elastic 

rather  than  resisting,  it  exists  m  less  quantity  than  in  the  bones  of  the  arm. 

dent  bv  o^^ri7  V  '  ^T'  P™P°^«°^  «f  V^o^^h^t,  of  lime  in  the  bones  is  made  evi- 
much  dimt;  b  1  ^^^^  t'-^^l^'      q^^^^tity  is  very 

delm  r  f/fi '  ):         T  *°  ^'^^'^^^  «f      b^-Jy.       they  become 

i  pe    TChosol  It7  ''T''^*'  "  '""'^  ^^^^"^  their  distorted 

hyXochlodc  £  1 1    1  1     !  "^'^  ''f  '^^  maceration  in  dilute 

bon.LVtiiti:fi;rbV:r^^^^  ^ ^^--r 

8iveJ^7'''''rf  ^'*'^''T'''^^^'''*^^^*^'''^-^^''"^--Tl>«  origin  of  this  principle  is  exclu 
hal  [     .1    T'™''  '^^'"•^  constitution  of  our  food  and  is  d^^" 

nS.."       feces  urine,  and  other  matters  thrown  off  by  the  body!   It"  qinntitv 
Iff  T    1         exceedingly  variable.    Lecanu  found  from  0-437  to  29-250  irrain.  2 
off  by  the  kidneys  during  the  twenty-four  hours  '     ^  J  -50  grains  thrown 

Carlonate  ofZime.-TMs  principle  exists  in  the  bones,  teeth,  cartilage,  internal  ear. 
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this  form  and  has  some  function  connected  with  audition. 

Taile  of  Quantities  of  Carbonate  of  Lime.  ^^^^^^^^^^ 

  113-00 

In  Bone,  human  (Berzelius)     102-00 

ti    "        "      (Marchand)   76-00 

"    "        "      (Lassaigne)  • ""  i^q.qq 

"  Teeth  of  an  infant  one  day  old  ^         _      \   ^^q.^q 

"  Teeth  of  an  adult  \  Lassaigne  <   ^^^^ 

"  Teeth  of  an  old  man,  eighty-one  years  }               ^  '  ^^.g^ 

"  Urine  of  the  horse  (Boussingault)  

Origin  ana  nisoUar^e  of  Carlonate  ^^^^^^^^^^^^ 
the  body  with  our  food,  held  in  solution  m  ^^^f  the  herhivora, 

present  in  small  quantity.    It  is  also  formed     ^^^^^'^^^^/^"^i  U^e  contained  in 

?^jx;;r:?hi^:- ^'^^ 

Sis'Sge  takes  plac'e  has  not  been  definitely  ascertamed. 

Carbonate  of  ....-This  sa.  is  found  in  the  «  ^^.^^  ^ 

their  alkahnity,  in  the  urine  o  the  ^-"^;!t  ^t^rmph,  cephalo-rachidian  fluid,  and 
ammoniacal ;  in  the  urine  of  the  herbivora ;  "^^^l  ^  ^^J^^^^^  ^ery  contradictory,  on 
in  bone.  The  analyses  of  chemists  with  regard  »      ^^^^^^^^^  doubt  that  it 

account  of  its  formation  during  the  P-f!^^^?   f/^^^^^^^^^  the  quantities  which  have 
is  found  in  the  above  situations.    The  followmg  table  g 
been  found  in  some  of  the  fluids  and  solids : 

Talle  of  Quantities  of  Carbonate  of  Soda. 

 1-62 

In  Blood  of  the  ox  (Marcet)  .   

"  Lymph  (Nasse)     0-60 

"  Cenhalo-rachidian  fluid  (Lassaigne)  •  •  •  •  ■ "  .  " _  .  2-00 

Compact  tissue  of  the  tibia  in  a  male  of  38  years  (Valentm)  .  .  ■  ^ 

"  Spongy  tissue  of  the  same  (Valentin)  

mm  of  Ih.  »lb.™noid  coMMuen^^i  of  «»  '  ^a,  »n^_^  ^^^^.^.^^     ^^^^^  „^ 


stitution  of  certain  structures.  substance  is  not  introduced  into 

Origin  and  Discharge  of  (^^^^'.^^  fjlf'\^^^^^ 
the  body  as  carbonate  of  soda,  but  it  is  foimed  as  is  t  discharged  occa- 

decomposition  of  the  malates,  te^t'-^t^^^*^-' ^  "'^  "^eat  part  of  it  is  decomposed  in  the 
sionally  in  the  urine  of  the  human  subject,  and  a  gieat  p. 
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lungs  by  the  action  of  pneumic  acid,  setting  free  carbonic  acid,  which  is  discharged  in 
the  expired  air. 

Carlonate  of  Potassa.—Th\s  salt  exists  particularly  in  herbivorous  animals    It  is 
found  in  the  human  subject  when  subjected  to  a  vegetable  diet.    Under  the  heads  of  func 
tion,  origin,  and  discharge^  what  has  been  said  with  regard  to  the  carbonate  of  soda  will 
apply  to  the  carbonate  of  potassa. 

Carbonate  of  Magnesia  and  Bicarlonate  of  Soda,-lt  is  moat  convenient  to  take  up 
these  two  salts  m  connection  with  the  other  carbonates,  though  they  are  put  at  the  end 
of  the  list  of  inorganic  substances  as  the  least  important.  We  know  very  little  about 
them,  chemically  or  physiologically.  Traces  of  carbonate  of  magnesia  have  been  found 
in  the  blood  of  man,  and  it  exists  normaUy  in  considerable  quantity  in  the  urine  of 
herbivora.    In  the  human  subject  it  is  discharged  in  the  sebaceous  matter 

Liebig  has  merely  indicated  the  presence  of  bicarbonate  of  soda  in  the  blood. 

Phosphate  of  Magnesia,  Phosphate  of  Soda  {neutral),  and  Phosphate  of  Potassa  -These 
salts  are  found  m  all  the  fluids  and  solids  of  the  body,  though  nof  existing  in  a  very  large 
proportion  as  compared  with  the  phosphate  of  lime,  which  we  have  already  considered 
In  their  relations  to  organized  structures,  they  are  analogous  to  the  phosphate  of  lime' 
entenng  mto  the  composition  of  the  tissues,  and  existing  there  in  a  stl  of  intimat^ 

the  ?T  r  ""'^^  "^^"^         ^^P-'^"^  by  the  carnivora,t 

the  fluids  of  which  they  are  found  in  much  greater  abundance  than  the  carbonates- 
which  latter,  as  we  have  already  seen,  are  in  great  part  the  result  of  the  decompo  J  ion 
by  carbon.c  acid  of  the  malates,  tartrates,  oxalates,  etc.  With  respect  to  their  Zct  ons 
we  can  only  say  that,  with  the  phosphate  of  lime,  they  go  to  form  the  organL  d  stiS 

and  f^es  It  f  W  f  i  .b^°°'3-«°'-P"scles.  The  sulphate  of  lime  is  found  in  the  blood 
a^d  ifu  '°  ^''-^ter  which  is  used  as  drink 

and  It  .discharged  m  the  f.ces.  Its  function  is  not  understood  and  is  probably  nofvery 

as  eS  in  Ihl^f  t^"""^^^^  '"^^'^  ^^^^  -^^-t^d  by  chemists 

^STr  aTZ2^^^^^^^^  Some  chemist 

the  urLl  T   7  T-^  "'■''"'''^     ''^^^o^de  of  ammonium.    It  is  discharged  in 

taker's  food  as  r  I'taT  7^  7"'°^^  combinations  of  bases  witlf  orgLic  S 
the  hody  ancl  aTe  t  '    .  ^""'^^  '^'^''S''  decomposition  in 

the  otheJ  inorganic  salts  °  '''''  ^^^^-^  P--^^^^'  iike 

Principles  consumed  hy  the  Organism. 

<i"ced.    The  SX  XT  J'-""  '°  ^W'^'^  5t  was  iLtro- 

i^o^pnncples  thus  consumed  m  nutrition  have  been  divided  into  nitrogenized 
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nutrition. 

hydrogen!  nitrogen,  and  ^-y^^^^^--^'^^^^^^^  properties  than 

tion,  remarkable  changes ;  but  these  '^^^  j;"- ^^^^^'^^^..^ted  into  the  nitrogeni.ed  elo- 
their  ultimate  che,nical  composition    ^^^jy/i^^^;^^^^^^^^  the  characteristic  nitro- 

n.entB  of  the  blood,  which  rn  ''^'^'^  '""^J^^'Jl^f^^  by  these  tissues,  to  sup- 
genized  principles  of  the  d«  '^^^^ ^^XirS  lt^--  of  this  series  of  transfor- 
ply  the  place  of  worn-out  mattei.  3^^^^  that  the  deposition  of  new 

Utions,  we  are  entirely  ^^-^-^^  f^;^*  one  of  the  most  important  of  the  acts  of 
i^itrogenized  matter  in  the  tissues,        ^/^^'f  ^^^^^^^  ^.^tcr  that  has  become  changed  into 

"  ^^^^^^^^  ^— 

-^Z:i.o.  of  the  nitrogenized  eleme^s^of  ~  ^^^^^ 
the  supply  of  new  matter  For  -^j;;^^^^^^^^^^  the  development  of  the  corre- 
readily  assimilable  form  will  ^^^^^^l'^^  fhev  lZlX  deficiency  in  the  supply  will  pro- 
sponding  tissues  of  the  body ;  and,  on  The  modifications  io  nutri- 

duce  a  corresponding  diminution  m  power  --^^^l^^^^^^  excess  taken  as  food 

tion  due  to  supply  have,  however,  erta^n  we   dehn^       ^^^^  ^  ^^.^^  ^^^^^^^^ 
is  not  discharged  in  the  f^ces,  nor  does  i^a^"^^^  the  blood  and 

the  urine;  but  it  apparently  under^^^^^^^  Sme;titious  matter  discharged,  particularly 
increases  the  quantity  of  ^^\°Senized  exc  ehmination  of  urea  produced 

the  urea.    This  fact  is  bI^^^  ^^^^^^^^^^  matter  that  is  not  actually 

by  an  excess  of  nitrogemzed  food     Wbetner  ^  appropriated  by 

nLded  in  nutrition  be  f -S^^^.lf  ^^J^  ^^^.^  is  a  question  difficult  to  deter- 

tlie  tissues,  increasing  the     ^^^^y  of  then  d«^^      ,  nitrogenized  food  rs 

mine  experimentally.    Oertam  it      ^^r^^^Jj  ,f  the  difference  being 

thrown  off  in  nearly  -dthe  former  is  discharged 

of  the  nitrogenized  elements  of  the  bod_y  J  ^^^^^    ty  the  persistent 

This  is  partly  local  and  partly  general  ^^^J^^^^^^^  ^^^j^a  to  a  high  degree  of  per- 
exerciseof  particular  muscles  their  de^elopm^^^^^^^  ^^^^^  ^^^^^  ^^^^^ 

fection,  the  rest  of  the  muscular  «y«^em  u^^^^^^  to  increase  considerably  in  volume, 
system  may,  by  appropriate  S^-^'^^'j^'^^^^^^^^^  under  an  ordinary  diet.    It  is  sur- 

and  a  person  may  become  capable  of  gieat  ^.^^^^j^ted  exercise  will  accomphdi 

nrising  sometimes,  to  see  how  small  an  amoimt  of  J«^^^-^  endurance,  it  is 

rTnd.    But,  if^t  be  desired  to^t.;n  ~  Those  who  ai-e  in  the 

necessary  to  carefully  regulate  *e  diet  as  w^^^^^^  encounters,  have  long-since  demon- 
habit  of  "  training  "  men,  Part^cnk  ^  ^een  rather  slow  to  apprecia^ 
strated  practicaUy  certain  ^/^"JX  ^t  °£efly  to  nitrogenized  articles,  ehmmating 
By  carefully  regulating  the  diet  ^onfimng  t  ^^^^^^^^^^^  ^^^^^^tiug  the  exe^- 
faLntirely,  and  reducing  the  starchy  e  m^^^^^^^^            ^^^^^^^      ,,e  greatest  possiW 

cise  so  as  to  increase  the  nutritive  activity  01  su  removing  from  the 

extent  ;  by  increasing  the  respiratory  activity  by  « 

body  an  th'e  unnecessary  adipose  f^^^^^^J^  "-^^  " 

Wtion  bv  the  nitrogenized  elements  of  the  orgamsm, 
iTablo'of  immense  muscular  effort  and  endurance. 
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The  process  of  traming,  skilfully  carried  out,  is  in  accordance  with  what  are  now 
admitted  as  physiological  laws;  although  it  has  been  practised  for  years  by  ignorant 
persons,  and  its  rules  are  entirely  empirical.    It  is  stated  that  the  athletes  of  ancient 
times,  while  vigorously  exercising  the  muscles,  favored  by  their  diet  the  development  of 
fat,  so  as  to  be  better  able  to  resist  the  blows  of  their  antagonists.    However  this  may 
be,  since  the  English  prize-ring  has  been  regularly  organized,  or  since  about  the  middle 
of  the  last  century,  the  system  of  training  has  been  entirely  difierent,  and  fat  has  been 
as  far  as  possible,  removed  from  every  part  of  the  body.    Fat  is  regarded  by  trainei-s  as 
inert  matter;  and  they  recognize,  practically  at  least,  the  fact  that  the  characteristic 
functions  of  parts  depend  for  their  activity  upon  their  nitrogenized  constituents.  The 
contraction  of  a  muscle,  for  example,  is  powerful  in  proportion  to  the  amount  and  condi- 
tion of  its  musculine ;  and  it  has  been  atjcertained  by  experience  that  the  muscular  sys- 
tem can  be  most  thoroughly  developed  by  carefully-graduated  exercise  and  a  diet  com- 
posed largely  of  nitrogenized  matter.    In  the  regular  system  of  training,  starch,  sugar,  fat, 
and  liquids  are  avoided ;  and  the  diet  is  confined  almost  entu-ely  to  rare  meats',  eggs  'and 
stale  bread  or  toast,  with  oatmeal-gruel.    The  oatmeal  has  been  used  from  time  imm'emo- 
nal,  and  it  is  supposed  to  be  useful  in  keeping  the  bowels  in  good  condition    A  very 
small  amount  of  alcohol  and  of  other  nervous  stimulants,  chiefly  in  the  form  of  home- 
brewed ale,  sherry  wine,  and  tea,  is  allowed.    Sexual  intercourse  and  aU  unusual  nervous 
excitement  are  interdicted. 

Those  who  adopt  absolutely  the  classification  of  food  into  plastic,  or  tissne-formino- 
and  calorific,  or  respiratory,  would  regard  this  course  of  diet  as  eminently  plastic-  but' 
during  the  severe  habitual  exercise,  which  is  most  rigid  after  the  man  has  been  "  trained 
own    so  hat  his  fat  is  reduced  to  the  minimum,  the  respiratory  power  and  the  exhala- 

JCfl  StTsmalh  "  '""^"^"^^  "'"^  °^  hydro-carbons  in 

We  do  not  propose  to  discuss  from  a  scientific  point  of  view  all  of  the  minnti^e 
of  trammg.  Many  of  its  traditional  rules  are  trivial  and  unimportant ;  but  it  is  cTrtaWv 
a  question  o  great  physiological  interest  to  study  the  processes  by  ;hich  the  mn  cS 
tX^nl  "'""^"^      '  "^'^  '^^^'^^^^  *°  '"^^  VOssMe  "of 

One  of  the  most  remarkable  of  the  results  of  thorough  training  is  the  develonment  of 
rr  ZZ:::  T'^^    accomplished  by  runmfg  and  prolonTd  ^^^^^^^ 

TtrZZ  and  Tf^f  -d  nervous  power  is  likely  to  break  down 

perfect  Zdhion  '  *°  0°       other  hand,  a  man  in 

determL:  wheS  l^extatS"'""'      T''''^''  "^^'^  ''''  ^'^^'^^^^  °^ 

in  the  end  ZZT  1      f  *'f°^^'"ary  muscular  power  developed  by  severe  training  be 

be  trainp?!  r  .  T  f  /  Mlj-grown,  well-developed  man,  in  perfect  health  mav 
Phystl  ml;  .  "ui"^^  t  '"""^  '""^^'^'^^  P-'--"--    He  is  then'a  mode  If  a 

that  ZTt    1    2m  t       f  ^  ^^r  it  is  well  known 

■•elapse  into  a  con  ^'of Sin  wT"  T       ^'-7  '''''''''''  ^"  ™™ediatelr 
comae  of  life  m  which  all  physiological  laws  are  habitually  violated 
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diet  and  exercise,  but  all  °^  ^  J^^eial  excitement,  Btitnulants,  tobacco,  etc,  are 
mind  avo  dance  ot^^^,    ^  veryTlal,  Especially  at  its  com.nenceuient, 

strictly  enjoined;  and  the  p  occ.s  s  always  jj,         ,  ^^^^  ^^^^^^^^ 

and  is  continued  for  ^^^^^^^^''^'^^^^^^^^  trained  for  boating, 

bad  effects  arc  entirely  dift  rent    Undevel  ^       y  ^^^^^  ac.ounA\,\. 

m  a  few  ^^^^^^  ^  f  J^^^  ^^'J     particularly  the  heart,  are  liable  to  become  permanently 
^^^1"t:  tpro;    he  fwSZ'  a^^^  enJurance,  a  person  undergoes  the  most  violent 
L  vvWrfs  ?ollowe<l  by  great  exhaustion,  intense  respiratory  distress,  and  d.s  urb- 
exercise,  which  is  JJ'.  ^.^^  suddenly  forced  far  beyond  their  func- 

,nce  of  the  action  ot  h^^^^^^^^  danger  of  permanent  disturbances  of  the 

S  :?  1:  trainer  for  months  and  during  that  ^J^^^^^^^^^  tCtra^- 
is!  it  seems,  every  physiological  reason  to  "^f^'l"'^^'''^^^^^ 
tern  to  bring  it  to  the  highest  point  of  functiona  ^^^^^^^^  ^^^^^^^^^^^  results, 
done  with  great  caution  and  judgment,  it  is  liable  to  be  followed  by 

contrast  to  the  ahmentary  substances  we  have  just  oons.^^^^^  ^^^^^ 

are  not  indispensable  to  the  ;J^?^™t  -nitL^^^^^^^^^  and  the  remarks 

well  nourished  upon  a  diet  composed  ^^^^^^f^^^J  n,ay  be  brought  to  a  high 

we  have  just  made  upon  training  shov.  tba  the  human  subjec^^^     J  ^^^.^^^^ 

condition  of  physical  development,  when  f^J^^'  ^^f^^^^J^^on  of  the  food  into  plastic 

nated  from  the  food.  This  shows  ^l^^^'l^tti^l^^^^^^^  -^^^ 
and  calorific  elements  is  not  absolute  and  t^^t  ^he  anima  I  ^1^,3 
without  the  hydro-carbons.  The  -^rogenized  p m^^^^^^^^  P-  transformations, 
alimentary  substances  capable  of  forming  ^^^f  JJ^'^  ^^^^^  class  of  substances  is 
with  the  exact  nature  of  which  we  are  ^^^^P^^^'f  f  ^^^^^^^^^^^^^^^^^  ,H^i„,ted  in  respiration, 
capable  of  producing  heat  and  of  ^-^--j'^^'-^l' '^'^ZZ^^^  of  meeting  the  nutritive 
The  non-nitrogenized  principles  are  -°f^f  ^J^^*^^^^^^  forming  part  of  the  tis- 
demands  of  the  system,  and  they  are  ;f  "^^^^^^^  l,ave  already  considered 
sues  or  are  deposited  in  the  form  of  ;j^^^,,ed  that,  with  a  few  exceptions, 

under  the  head  of  alimentation ;  ^^f  .^*J^]. J^^J  ^rLm  of  adipose  tissue  or  of  fatty 
fat  always  exists  in  the  body  uncombmed,  either  m 

granulations  in  the  substance  of  other  tissues  ^^.^^^  ^^rie. 

The  non-nitrogenized  elements  taken  up  ^.^^^^^^^^     „^ygen  in  the  proportions 

ties :  one,  the  sugars,  composed  of  carbon  J^^^^^^^er,^^^  fats,  in  which  the 
to  form  water,  constituting  the  true  ^j'^^'^^Ton  to  form  water.  Ve  speak  of  the  sugars 
hydrogen  and  oxygen  do  not  exist  in  /--"Prf;"^;"  ^^d  are  transformed  into  glucose, 
ok  because  staixh  and  aU  varieties  of  sugai^^^^^^  ^^^^  ,l,,,ay 

In  connection  with  the  study  of  ^^^^^^^^'^^^^^  j/tbe  or<^anism.    They  are  taken 
referred  to  the  destination  of  the  true  ^^J^j^^^^Xm  o^  and  are  formed  con- 

as  food  to  a  considerable  extent,  P-^f  ^^^^fj^  ^^'.rnever  discharged  from  the  body 
stantly  by  the  liver  in  all  classes  of  anima  s    Suga  -  ^  ,,^j,o,,,,  condition, 

in  health,  nor  is  it  deposited  in  any  the  lungs.    In  studying  the 

It  generally  disappears  in  the  passage  of  ^f^J^  ""^^•^j;";^^^     that  it  may  be  converted 
changes  which  sugar  is  capable  of  "^^^'-g^'^f '  *  ""ZTL ,  hut  precisely  to  what  exten 
into  lactic  acid  or  be  changed  into  -^-^^^^^^  .^^^'Ijf  JcT^^on  by  the  inspired  oxygen,  it. 
the  sugars  undergo  these  changes,  or  how  they  a,  e  P 
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has  been  impossible  thus  fur  to  determine.  We  must  be  content  to  say  that  the  exact 
changes  which  the  sugars  undergo  in  nutrition  are  unlcnown.  They  seem  to  be  very 
important  in  development,  being  abundant  in  the  food  and  formed  largely  in  the  system 
in  early  life.  They  certainly  do  not  enter  into  the  composition  of  the  tissues;  and  it 
would  seem  that  they  must  be  important  in  the  two  remaining  phenomena  of  nutrition, 
namely,  the  formation  of  fat  and  the  development  of  animal  heat.  The  relations  of  sugar 
to  these  two  processes  will  be  taken  up  under  their  appropriate  heads. 

The  fats  taken  as  food  are  either  consumed  in  the  organism  or  are  deposited  in  the 
form  of  adipose  tissue.  That  the  fats  are  consumed,  there  can  be  no  doubt;  for,  in  the 
normal  alimentation  of  man,  fat  is  a  constant  article,  and  it  is  never  discharged  from  the 
body.  We  are  forced  to  admit,  however,  that  the  changes  which  fat  undergoes  in  its 
process  of  destruction  are  not  thoroughly  understood.  All  that  we  positively  know  is, 
that  the  fatty  principles  of  the  food  are  formed  into  a  fine  emulsion  in  the  small  intestine, 
and  are  taken  up,  chiefly  by  the  lacteals,  and  discharged  into  the  venous  system.  For  a 
time,  during  absorption,  fat  may  exist  in  certain  quantity  in  the  blood ;  but  it  soon  disap- 
pears and  is  either  destroyed  directly  in  the  circulatory  system  or  is  deposited  in  the 
form  of  adipose  tissue  to  supply  a  certain  amount  of  this  substance  consumed.  That  it 
may  be  destroyed  directly  is  proven  by  the  consumption  of  fat  in  instances  where  the 
amount  of  adipose  matter  is  insignificant;  and  that  the  adipose  tissue  of  the  organism 
may  be  consumed  is  shown  by  its  rapid  disappearance  in  starvation. 

The  question  of  the  relations  of  fat  to  nutrition  is  important  but  somewhat  obscure. 
It  does  not  take  part  in  the  nutrition  of  the  parts  that  are  endowed  to  an  eminent 
degree  with  the  so-called  vital  functions ;  and,  when  these  tissues  are  brought  to  their 
highest  point  of  development,  the  fat  is  entirely  removed  from  their  substance.  If 
fat  be  not  a  plastic  material,  it  would  seem  to  have  no  function  remaining  but  that  of 
keeping  up,  by  its  oxidation,  the  animal  temperature.  But  it  is  not  proven  that  the  fats,  or 
fats  and  sugar,  are  the  sole  principles  concerned  in  the  production  of  carbonic  acid  and 
the  generation  of  heat;  for  both  of  these  phenomena  occur  in  the  carnivora,  and  in  man, 
when  fat  and  sugar  are  eliminated  from  the  food  and  the  fat  in  the  body  has  been 
reduced  to  the  minimum.  Eat  is  undoubtedly  destroyed  in  the  organism,  and  probably 
It  assists  m  the  formation  of  the  carbonic  acid  eliminated;  it  is  also  taken  in  much  larger 
proportion  m  cold  than  in  temperate  or  warm  climates;  but  we  cannot,  with  our  present 
mformation,  say  without  reserve  that  fats  and  sugar  are  oxidized  directly,  by  a  process 
with  which  we  are  familiar  under  the  name  of  combustion,  and  that  their  exclusive  func- 
tion IS  the  production  of  animal  heat. 

It  is  a  curious  fact  that  fat  is  generaUy  deposited  in  tissues  during  their  retrograde 
processes.  The  muscular  fibres  of  the  uterus,  during  the  involution  of  this  organ  after 
parturition,  become  the  seat  of  a  deposit  of  fatty  granulations.  Long  disuse  of  any  part 
will  produce  such  changes  in  its  power  of  appropriating  nitrogenized  matter  for  its  regen- 
eration that  It  soon  becomes  atrophied  and  altered.  Instead  of  the  normal  nitrogenized 
elements  of  the  tissue,  we  have,  under  these  circumstances,  a  deposition  of  fatty  matter, 
llie  fat  IS  here  inert,  and  it  takes  the  place  of  the  substance  that  gives  to  the  part  its  char- 
acteristic functions.  These  phenomena  are  strikingly  apparent  in  muscles  that  have  been 
long  disused  or  paralyzed  and  in  nerves  that  have  lost  their  functional  activity.  If  the 
Change  he  not  too  extensive,  the  fat  may  be  made  to  disappear,  and  the  part  will  return 
nrn.!  ^^PPropriate  exercise;  but  frequently  the  alteration  has 

proceeded  so  far  as  to  be  irremediable  and  permanent.  ' 

Accurate  observations  have  shown  that,  in  young  animals  rapidly  fattened,  all  the 

13  certain  that  fat  may  bo  produced  de  novo  in  the  organism. 

my  h  oltfT.!? '^^f-'^^'  r °f  in  the  econo- 
my   one  of  great  importance.    Whatever  the  exact  nature  of  the  changes  accompanying 
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th«  destruction  of  non-uitrogenized  matters  may  be,  it  is  certain  that  tlie  fat  stored  up  in 
tie  bodyTs  c^^^^  -hen  there  is  a  deficiency  in  any  of  the  elements  of  food  as  wel 

a  that  wi  ch  is  taken  into  the  alimentary  canal.  It  is  rendered  probable,  indeed,  by  the 
as  that  ^^i^'^;^  ,       ^^^^^  u  on  the  subject,  that  obesity  mcreases  the  power 

few  AtTevents!in  starvation,  the  fatty  constituents  of  the  body 

"  ^'Z Zt  o  bo  onsuic Vld  they'  almost  entirely  disappear  before  death.  As  we 
r  1  .  .d  V  len  su^Ts  nev'er  deposited  in  any  part  of  the  organism,  and  it  is  merely  a 
have  already  ^'^^^^^^^^       If  the  sugars  and  fats  have,  in  certain  regards,  simi- 

temporary  ^^^^f  addition  to  the  mechanical  functions  of  fat,  it  may 

.Sed  i^tl^:    Snlsm  for'use  under  extraordinary  conditions,  it  becomes  very 
he  1  «f '^f  ^  mechanism  of  its  production  and  de position. 

^CCduX^ffa  tr-^^^^  certain  insects,  in  excess  of  the  fat  supplied  with 
.^  f  .1  wnrrtablished  long  ago  by  the  researches  of  Huber;  and  analogous  observa- 
Zl  ltllT^^^^^^^^  'ivas  and  mammals  by  Boussingault.  Some  of  the  expen^ 
ments  of  Boussingault  are  peculiarly  interesting,  as  they  were  made  upon  pigs,  m  which 

in  animals  upon  a  reghnen,  -^^-^^.^^^^^^^^^^  and 

ah-eady  discussed  the  necessity  of  a  varied  diet  ^j^^J^  ^^f^f  ^^^^^^^^^  ,e  of  the 
of  starvation  when  confined  exclusively  to  f  ^^^^.^^^^^^^  experiments  which 
most  nutritious  character;  ""^^^  is  no  necessaiy  to  le  ei  a^^^^^^^         ^       even  pure 

have  demonstrated  that  a  ^et  —  ^^Te  s'frnTn';^^^^^  We'  are  prepared, 
albumen  ^-fibrin,  cannot  su^^^^^^^^  Boussingault,  a  regimen  con- 

then,  to  "^d^'-^t^^^/^y'^^J'  0  Cfatt  notwithstanding  the  large  proportion  of 
^^:^^^oi::i  in\UnS  omy  when  the  food  presented  the  proper 

-^^.;SiSwn  concerning  the  ^^^^^1^^:::^,  ^ 
experiments  of  Boussingault  seem  to  leave  ^^^ih-olfnized  but  it  is,  nevertheless,  a 
of  food,  even  when  the  alimentation  is  "^^^^^^^^"f  ^  are  more  favorable  to  its 
matter'of  common  o^^f  ^J^l^^^^^^^  are  fattened  much  more 

deposition  than  others ;  and  it  is  also  true 

readily,  as  a  rule,  than  the  carnivora.  the  ele- 

Theoretical  considerations  wou^d  --;„^  f     ^""^^."a  n  th  same  elements,  though 
ments  of  food  most  easily  convertible  ^^^^  f '  this  view  is  correct.   It  is  said 

in  different  proportions;        it  is  more  h  n  p  o^^^^^^^^^  cane,  the  laborers  be- 

that,  in  sugar-growing  sections,  durmg  the  pe  lod  ot  g  J  cannot 
com'e  excessively  fat,  from  eating  l^^^^^^^^;;^  ^3°^  ^  .I't  the  fact  is  pretty  generally 
refer  to  any  exact  scientific  observation  -P-^^^        ^  individual  experience 

admitted  by  physiologists.  /S'^ ^  t  t^e  depo^tion  of  fat,  especially  when  there  is  a 
that  sugar  and  starch  are  favorable  to  the  Jepo  J'o  ^  this,  and  one  which 
constitutional  tendency  to  obesity.  ^^^.^^^Xtf  mtntion,  though  not  reported  by  a 
has  met  with  considerable  notoriety  is         J  1\  Mr.  Banting.    The  writer 

scientific  observer.  We  refer  to  the  letter  ^^  "^'^f^^'^^  I,,  feet  and  five  inches  in 
of  this  curious  pamphlet,  in  1862  was  -^^^J^^J  the  advice  of  Mr.  WiUiam 

height,  and  weighed  two  hundred  and  two  pounds. 
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Harvey,  F.  R.  C.  S.,  of  London,  lio  confined  himself  to  a  diet  containing  no  sugar  and  as 
little  starch  and  fat  as  possible.  Continuing  this  regimen  for  one  year,  ho  gradually  lost 
weight,  at  the  rate  of  about  one  pound  each  week,  until  he  was  reduced  to  one  hundred 
and  fifty-six  pounds.  At  the  time  the  last  edition  of  the  pamphlet  was  published,  in 
180J:,  he  enjoyed  perfect  health  and  weighed  one  hundred  and  fifty  pounds,  his  weight 
varying  only  to  the  extent  of  one  pound,  more  or  less,  in  the  course  of  a  month.  Tliis 
little  tract  is  very  interesting,  both  from  the  importance  of  its  physiological  deductions  and 
its  quaint  literary  style.  It  has  had  an  immense  circulation,  and  many  persons  Buffering 
from  excessive  adipose  development  have  adopted  the  system  here  advised,  with  results 
more  or  less  favorable.  A  study  of  the  com-se  of  diet  here  prescribed  shows  it  to  be  a 
pretty  rigid  training  system,  with  the  exception  of  succulent  vegetables  and  liquids, 
which  are  allowed  without  restriction.  It  is  proper  to  remark,  however,  that  some 
enthusiastic  advocates  of  the  plan  have  exceeded  the  limits  prescribed  and  have  neglected 
the  caution  of  the  author  always  to  employ  it  under  the  advice  of  a  physician  ;  and  its  too 
rigid  enforcement  has  been  followed  by  serious  disturbances  in  general  nutrition.  Others, 
however,  have  verified  the  favorable  results  obtained  by  Mr.  Banting. 

It  is  difficult  to  explain  the  remarkable  constitutional  tendency  to  obesity  observed  in 
some  individuals,  which  is  very  often  hereditary.  Such  persons  will  become  very  fat 
upon  a  comparatively  low  diet,  while  others  deposit  but  little  adipose  matter,  even  when 
the  regimen  is  abundant.  It  is  to  be  noted,  however,  that  the  former  are  generally 
addicted  to  the  use  of  starchy,  saccharine,  and  fatty  elements  of  food,  while  the  latter  con- 
sume a  greater  proportion  of  nitrogenized  matter. 

It  is  not  an  uncommon  remark  that  the  habit  of  taking  large  quantities  of  liquids 
favors  the  formation  of  fat ;  but  it  is  not  easy  to  find  any  scientific  basis  for  such  an 
opinion.  As  to  the  formation  of  fat  by  any  particular  organ  or  organs  in  the  body,  no 
positive  scientific  view  has  been  advanced,  except  the  proposition  by  Bernard,  that  the 
liver  had  this  function,  in  addition  to  its  glycogenic  office.  This  we  have  already  dis- 
cussed and  have  shown  that  such  a  function  is  far  from  being  positively  established. 

Condition  under  which  Fat  exists  in  the  Organism. — It  is  said  that  fat  combined  with 
phosphorus  is  united  with  nitrogenized  matter  in  the  substance  of  the  nervous  tissue  ;  but 
its  condition  here  is  not  well  understood,  as  we  shall  see  when  we  come  to  treat  of  the 
nervous  system.  A  small  quantity  of  fat  is  contained  in  the  blood-corpuscles,  and  a  little 
is  held  in  solution  in  the  bile;  but,  with  these  exceptions,  fat  always  exists  in  the  body 
isolated  and  uncombined  with  nitrogenized  matter,  in  the  form  of  granules  or  globules 
and  of  adipose  tissue.  The  three  varieties  of  fat  are  here  combined  in  variable  propor- 
tions, which  is  the  cause  of  the  differences  in  its  consistence  in  different  situations.  The 
ultimate  elements  of  fat  are,  carbon,  hydrogen,  and 
oxygen,  the  two  latter  in  unequal  proportions. 

Physiological  Anatomy  of  Adipose  Tissue. — Adipose 
tissue  is  found  in  abundance  in  the  interstices  of  the 
subcutaneous  areolar  tissue,  where  it  is  sometimes 
known  as  the  panniculus  adiposus.  It  is  not,  how- 
ever, to  be  confounded  with  the  so-called  cellular  or 
areolar  tissue,  and  is  simply  associated  with  it  without 
being  one  of  its  essential  parts ;  for  the  areolar  tissue 
IS  abundant  in  certain  situations,  as  the  eyelids  and 
scrotumj  where  there  is  no  adipose  matter,  and  adipose 
tissue  exists  sometimes,  as  in  the  marrow  of  the  bones,  without  any  areolar  tissue. 

Adipose  tissue  is  widely  distributed  in  the  body  and  has  important  mechanical  func- 
tions. Its  anatomical  element  is  a  vesicle,  from  ^  to  ^  of  an  inch  in  diameter,  com- 
posed of  a  delicate,  structureless  membrane,  of  an  inch  thick,  enclosing  fluid  con- 


Fio.  14^.— Adipose  msicleii ;  magnified 

850  diameters.  (Kiilliker.) 
a,  normal  adipose   veaicles  from  the 
r     breast ;  &,  vesicles  treated  with  ether, 
by  which  the  fat  is  dissolved,  the 
empty  vesicles  remaining. 
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tents  The  form  of  the  vesicles  is  naturally  rounded  or  ovoid ;  but  in  microscopical 
preparations  they  are  generally  compressed  so  as  to  become  irregularly  polyhedrical. 
The  membrane  sometimes  presents  a  small  nucleus  attached  to  its  mner  surface.  The 
contents  are,  a  minute  quantity  of  an  albuminoid  fluid  moistening  the  internal  sm-face 
of  the  membrane,  and  a  mixture  of  oleine,  margarine,  and  stearine,  liquid  at  the  temper- 
ature of  the  body,  but  becoming  harder  on  cooling.  Little  rosettes  formed  of  acicular 
crystals  of  margarine  are  frequently  observed  in  the  fat-vesicles,  when  the  temperature 

is  rather  low.  ..... 

The  adipose  vesicles  are  collected  into  little  lobules,  from  to  i  of  an  inch  in  diame- 
ter which  are  surrounded  by  a  rather  wide  net-worlt  of  capillary  blood-vessels.  Close 
examination  of  these  vessels  shows  that  they  frequently  surround  individual  fat-cells,  in 
the  form  of  single  loops.  There  is  no  distribution  of  nerves  or  lymphatics  to  the  ele- 
ments of  adipose  tissue.  It  is  seen  by  tliis  sketch  of  the  structure  of  adipose  tissue,  that 
there  is  no  anatomical  reason  for  classing  these  vesicles  with  the  ductless  glands,  as 
is  done  by  some  physiologists.  They  undoubtedly,  under  certain  conditions,  have  the 
power  of  fining  themselves  with  fat;  but  it  would  be  no  more  appropriate  to  call  at 
a  secretion  than  to  apply  this  term  to  the  development  and  nutrition  of  the  muscular 
substance  within  the  sarcolemma. 

Conditions  which  influence  Nutrition.-^ ^  know  more  concerning  the  conditions 
that  influence  the  general  process  of  nutrition  than  about  the  nature  of 
It  will  be  seen,  for  example,  when  we  come  to  study  the  nervous  tl^^V^'^^/  ' 

nerves  which  'regulate,  to  a  certain  extent,  the  nutritive  forces.    We  do  not  mean  to 
imply  that  nutrition  is  effected  through  the  influence  of  the  nerves,  bn  it  is  the  fact  tha 
cenain  nerves,  by  regulating  the  snpply  of  blood,  and  perhaps  by  other  inflnences,  are 
canable  of  modifying  the  nutrition  of  parts  to  a  very  considerable  extent. 

'  n  di  u'sing'^he  influence  of  exercise  upon  the  development  of  P-^^' -^J^  f 
that  this  is  not  only  desirable  but  indispensable ;  and  the  proper  P-/™^^^^^^^^ 
tions  of  nearly  all  parts  involves  the  action  of  the  nervous  system.  It  is  tiue  that  the  sep 
arnte  parts  o  the  organism  and  the  organism  as  a  whole  have  a  limited  existence ;  but  it  i 
^ot  Z  th:t  the  chLge  of  uitrogenized,  living  substance  into  ^^"XS:T::^^ 
is  increased  in  activity  by  physiological  exercise,  consumes,  so  ^°  .^P^^  J' .^^n  ^!it  7 
of  the  limited  life  of  the  parts.    Physiological  exercise  ^-^'^^'l''^;'''^]^^^^ 
increases  the  activity  of  nutrition  and  favoi-s  development,    ^^j'^^l^l^.  louTt  o^ 
assert  that  bodily  or  mental  effort  is  made  ^^-^^  ^^/^^^^^^^^^ 

vitality  and  matter  consumed.    This  is  partly  "f^^^^^^^^^  engenders 

change  into  effete  matter  ;  but,  when  restricted      ^^^^  f  l";;^^^  Without 

a  corresponding  activity  of  nutrition,  ^^^^^"^^^ 'I'^Zlo^^^  of  physio- 

be  sufficient.  Other  things  being  equal,  a  man  wi  1  live  1°^^!^^'^^^^^^^^^^  •  \^^^,^ 
logical  exercise  of  every  part,  than  if  he  ^^^^  ^ ^vf^  LTan^^  seai 
only  by  such  use  of  parts  that  they  can  ^^^ergo  p  oper  ^^^^^  ^elf-limited.  Unless 
of  normal  nutrition.  But,  notwithstanding  all  these  ^cts  me  is 
subjected  to  some  process  which  arrests  all  changes,  such  as  ^^j^i' ^^^^  ^^^^^^^^^^  the 
tive  fluids,  etc.,  organic  substances  are  constantly  --^^l^^VZtlCZj  .r.  re- 
living body,  their  disassimilation  and  nutrition  are  "^'"^^^^^^^^^^^  or 
moved  from  what  are  termed  vital  conditions,  ^'-^'^'^^f^T^^'Zl^^^  into  mat- 
becoming  incapable  of  performing  then-  ^-^^'^^^TtftZ'^  t  brappropriated  by 
ters  which,  like  the  results  of  their  ^fj^;  ^  ,t  physiologicallcay  of  parts 

the  vegetable  kmgdom.    Nutrition  ^^^^^^^i  /       in  the  fecundated  ovum  lead  it 
canuot  continue  indefinitely.    The  wonderful  forces  in  the  ^^^unja  ^^^^ 
■     through  a  process  of  development  that  requires,  in  the  1  "^^^  ^  '^^  J     ^^y  it  becomes 
years  for  iS  completion ;  and,  when  development  "°;";X;f,,d'appropriate 
arrested,  nor  can  we  give  any  sufiicient  reason  why,  with  a  suthcien 
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supply  of  material,  a  man  should  not  grow  indefinitely.  After  the  being  is  fully  devel 
oped,  and  during  what  is  known  as  the  adult  period,  the  supply  seems  to  be  about  equal 
to  the  waste.  But,  after  this,  nutrition  gradually  becomes  deficient,  and  the  deposition  of 
new  matter  in  progressive  old  age  becomes  more  and  more  inadequate  to  supply  the  place 
ot  the  living  nitrogenized  substance.  We  may  at  this  time,  as  an  exception,  have  a  con- 
siderable deposition  of  fat,  but  the  nitrogenized  matter  is  always  deficient,  and  the  pro- 
portion of  inert,  inorganic  matter  combined  with  it  is  increased 

There  can  be  little  if  any  doubt  that  the  forces  which  induce  the  regeneration  or 
nutrition  of  parts  reside  in  the  organic  nitrogenized  substance,  and  that  these  give  to  the 
parts  their  characteristic  functions,  which  we  call  vital;  the  inorganic  matter  being 
passive,  or  having,  at  the  most,  purely  physical  functions.  If,  therefore,  as  age  advances 
Hnn7'''T-r>"''  ^^•i"'^"^  lo^i-^g  tl^e  power  of  completely  regenerating  its  sub^ 
stance,_and,f  Its  proportion  be  progressively  diminishing  while  the  inorganic  matter  is 
ncreasing  m  quantity,  a  time  will  come  when  some  of  the  organs  necessary  to  life  wil 
be  unable  to  perform  their  office.    When  this  occurs  we  have^eath  from'^old  ageror 

?iin  0  irlt'r    ™^    ^  ^""'^"-'^  ^^^^^-^  °^  e---^  p~  °f 

we  do  no  r7     '  r  "'^'^  °'  i«  thus  certain  to  occur, 

we  do  not  know,  any  more  than  we  can  explain  why  and  how  animals  live. 

Ihe  modifications  in  nutrition  due  to  the  very  varied  influences  that  may  be  brought 

inon  anv  of'ti;  ' -T'  "         '"''''^'^  ^^^'^^^^^^"'^ '  ^""^      '^^'^  ^ot  touch 

estLVof  t^L.  \TT"'  '  r  P"''^^^  Physiological.  Among  the  most  inter- 
estmg  of  these  modifications,  are  those  due  to  age,  constituting,  as  they  do  in  earlv  life 

fXrSi;  ^'rr'     ''''''''  ''  ^"^^  -  cf;nection  wSh  th;  sub  S 

orgrhas^ts  o^n  '  '^''^'^y  tissue  and 

important  dMs7ou  of'tf  T  '[''T''''''       ^^--lopment ;  and  this  constitutes  another 

food,  etc.,  have  already  been  ISd  undex  the  h^^^^^^  '''T''''''' 
excretion,  and  will  be^touched  u^t^^aLlnVor^t  tS^Z:^^-'"'-^ 

accompanies  nutrition  rdll  i  I  ^  °^  ^''^''^^^^^^o^,  we  ai-e  aware,  always 
of  the  oi^InirclSiel  of  l^  T""'  *T  ''''''^  ^'"^  '-^^"^^  «f  changes 
excremenSrus  prTnd  les  p.;'  ''T  "^"^  ''^  '''''^'''^ 

passed  through  tfe  orgt nd  "l^rT  ''''''''''''  "l"'^'' 

been  able  to  recoLTze  «  ^nh     'i        i    T       """"^  substances  that  we  have 

more  or  less  s  c  ess?^  ;  LdSfThr  ^^'^0,1^1  relations  of  which  have  been 

observation.  I  s  a  li /T'  ^''^'f ^^'^^  ^"^"^  ''''^^'^ 
of  new  excremen  iWoTis  nit     ,     ^n^"?  '  P™'^^^''^  '^i^^o^ery 

BO  many  whi^  w  Z  1  /i  ""P""  pathological  conditions,  while  there  are 

Btill  obscure    buT  if  w!  "-^^^^'^^^  *°  ^he  different  tissues  being 

the  fact  that  urea  tlirurrs"   H  *  "  "P^'-'-*--  ^-eased  conditions  by 

produce  cer Lin         .         '        ^^'ol^sterine  are  liable  to  be  retained  in  the  blood  and 

comprehensior„;  ?.i,    ?7       /''^"'''''^  "P°"  ^^'^  Pathological  knowledge  as  well  as  our 

-nLio^rrtt  s  jrirL'oTrMci  t  ^^i^;?--^  -    rmportont  ::z 

1«S3  fuUy  understood :  '°  ''"'"^'^^        disassimilation  are  more  or 


g^lg  E  E  D  S  cSc  V/  E  ST-  R 1 D I N  G  nutrition. 
^rr!CO-CHlRURGiCAL  ^  j)Uasslrr>MaMon. 

How  excreted. 

JUxcrementilioua  Principles.  '  ^  Principally  by  the 

lungs;  but  also 

 \     by  the  skin,  and 

Carbonic  acid   in  solution  in  the 

[    excreted  fluids. 

 Perspiration. 

Alkaline  sudorates   r  Principally  in  the 

urine  ;  but  a  cer- 

  1     tain  quantity  in 

tfrea   1^    ^j^g  perspiration. 

 Urine. 

Urate  of  soda     " 

Urate  of  ammonia     " 

Urate  of  potassa    _   " 

Urate  of  lime   " 

Urate  of  magnesia  "  ' ' '   " 

Hippurate  of  soda  ■'   " 

Hippurate  of  potassa  ' ' '   " 

Hippurate  of  lime  " " '   " 

Creatine     " 

Creatinine     " 

Oxalate  of  lime  ' ' '   " 

Xanthine  "  Fa;ces. 

Stercqrme  (changed  from  cholesterme)   " 

Excretine  

1  nil  rinnhtful  excrementitious  principles,  as  'well 
In  the  above  list  we  have  onnttecl  J  txt  a  fluids;  and  we  n.ay  assume  that 
as  the  inorganic  con>ponnds  ^'^''^ 'l^^l^,Z  \l  as  we  are  now  able  to  detemme, 
the  substances  therein  enumerated  .^^P'-^^^J'  discuss  the  fact  that  the  hfe 

the  physiological  wear  of  the  ^JS^^;;^^;  J^^^^  1^  that  the  excrementitious  principles 
of  tLues  involves  physiological  w  st  «^  ^^^^^^^^^^  know  that  this  process 

.      proper  represent  the  fina  ^.^^^^f^^/^^  f^te  ^f  the  peculiar  functions  of  ^ut 
^oes  on  without  necessanly  ^^^^^'''''l'^''!2sts  the  activity  both  of  nutrition  and  wear. 
I  is  no  less  true  that  exerc  se,  or  -o^J- ^^^^^^^^^^^         ideas  of  the  process  of  ntitntion 
This  is  one  of  the  great  P^^f  V^^^'^^J'Xk  upon  the  ehmination  of  some  of  the 
We  shall  not  discuss  here  the  -A-;- f  .^^^^^  h'ave  already  examined  that  subjec 
nitrogenized  compounds,  Vf^^^^fj^l'^^l'^Z  hesitation  in  stating,  as  a  general  law 
xnost  carefully  in  '^^^t^.^^^P^^^^V.f/tLt  physiological  work  increases  excretion, 
that  has  yet  to  meet  with  exceptions,  that  pbysio  g 

Animal  Seat.  ^  ^  ^ 

The  process  of  nutrition  in  animals  ~  ^^^^^^  ^^^^i 

and  it  produces  a  temperature  -°y^;:  .^^^.^^^^  ;  and  analogous  phenomena 

true  in  the  lowest  as  well  as     J"^^^^^^^^^^  «ni,.als,  nutrition  may     suspend  d 

have  even  been  observed  m  plants,  lu  °°  .       functions  become  temporal  iiy 

ly  l  diminished  external  temperature, -f^^^^J^l  greater  heat.  This  is  true,  to 
ar'rested,  to  be  resumed  when  the  -J^^^^^Xt  perioc^cally  pass  into  «  -ndi  ion  of 
some  extent,  in  certain  warm-blooded  ammds  tba  p  ^^^^^^.^ooded  ^^^^  f^'^^ 

sJupor  called  hibernation ;  but  m  man,  and  in  variations.    The  animal  heal  w 

general  temperature  of  the  body  ^^^-^l^^^^^^.^^^^^^^  .nd  under  the  ^urmng  sun  of 

Lentially  the  same  in  the  -^^^  ^  f/.'^^t^^^^  -^P^^^^  ' 
the  tropics;  and  if,  from  any  cause,  the  boay 
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ature  when  exposed  to  cold,  or  of  moderatiDg  it  when  exposed  to  heat,  deatli  is  the  invari- 
able result. 

The  production  of  animal  heaf^s  so  closely  connected  with  nutrition,  that,  in  serious 
pathological  modifications  of  this  process,  as  in  the  essential  fevers  or  extensive  inflam- 
mations, the  temperature  of  the  body  becomes  an  important  guide,  particularly  in 
prognosis. 

The  study  of  the  temperature  in  different  classes  of  animals  presents  very  great  inter- 
est, but  the  limits  of  a  work  on  pure  human  physiology  restrict  us  to  the  phenomena  as 
observed  in  man,  and  in  animals  in  which  the  processes  of  nutrition  are  similar,  if  not 
identical.  We  shall  therefore  treat  of  the  subject  from  one  point  of  view  and  consider 
it  as  follows  : 

1.  The  normal  temperature  in  the  human  subject,  with  its  variations  in  different  parts 
of  the  body  and  at  different  periods  of  life. 

2.  The  diurnal  variations  in  the  animal  temperature,  and  the  relations  of  alimenta- 
tion, digestion,  respiration,  nutrition,  exercise,  and  the  nervous  system. 

3.  The  means  by  which  the  temperature  of  the  body  is  kept  within  the  limits  neces- 
sary to  the  preservation  of  life  and  health. 

Limits  of  Variation  in  the  Normal  Temperature  in  Man.— A  great  number  of  obser- 
vations have  been  made  upon  the  normal  temperature  in  the  human  subject  under  differ- 
ent conditions;  but  we  shaU  cite  those  only  in  which  aU  sources  of  error  in  thermometry 
seem  to  have  been  avoided,  and  in  which  the  results  present  noticeable  peculiarities 
One  ot  the  most  common  methods  of  taking  the  general  temperature  has  been  to  intro- 
duce a  delicate  thermometer,  carefully  protected  from  aU  disturbing  conditions,  into  the 
axilia  reading  off  the  degrees  after  the  mercury  has  become  absolutely  stationary 
J^early  all  observations  made  in  this  way  agree  with  the  results  obtained  by  Gavarret' 
who  estimated  that  the  temperature  in  the  axilla,  in  a  perfectly  healthv  adult  man.  in  a 

emperate  climate,  ranges  between  97-7°  and  99-5°  Fahr.  Dr.  Davy,  from  a  large  num- 
ber of  observations  upon  the  temperature  under  the  tongue,  fixes  the  standard,  in  a 
temperate  chmate,  at  98°.  When  we  examine  the  temperature  of  the  blood  in  the  deeper 
vessels  and  the  variations  in  different  parts,  we  shall  see  that  the  axilla  and  the  tongne 
being  more  or  less  exposed  to  external  influences,  do  not  exactly  represent  the  general 
leat  of  the  organism;  but  these  are  the  situations,  particularly  the  axilla,  in  which  the 

mperature  is  most  frequently  taken,  both  in  physiological  and  pathological  examina- 
t  Z     V  .  I  «°™P^"«°°.      i^ay  assume  that  the  most  common  temperature 

below  and  ?STb^ve  *°  ""^'^'^^  ^he  limits  of  health,  of  about  0-6° 

Peratol' of    '"f  Temperature.-There  can  be  no  doubt  that  the  general  tem- 

Tcl  ml    T,  '^"^y         '  '^^^S^  within  very  restricted  limits,  with  extreme  changes 
nd  L    f '  T  '"'"'''''-'^      Davy,  in  a  large  number  of  observations  in  tempei- 
knownMo  tTlt"'  l^'""  '°  ^°        '"^^^'^  of  0-5°  to  3°.    It  is  well 

.  endTrl  fo  '  o^r''  human  body,  the  surface  being  properly  protected,  is  capable  of 
ena  r  ng  for  some  minutes  a  heat  much  greater  than  that  of  boDing  water    Under  these 

i^lZ\^onr''''  '^7"^'""  ^"^^  very  slightly,  Is  compared  wi^h  tl 

■  son  the ^"rroundmg  atmosphere.    According  to  the  observations  of  Dr.  Dob- 

n  a  ti  itd Then  the'  T'?  ' 

■  and  W  ,  '''''  ^  I'^^'-^t  of  i°o'-e  than  212°.  MM.  Delaroche 
tZZrZr'.'  temperature  in  the  mouth  could  be  increased  by 
pans  onlt  b„/l  *°                    Tins  was  for  the  external 

It  >s  very  difficult  to  estimate  the  temperature  in  persons  exposed  to  intense  cold,  as 
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„  ;=  nlwnvs  taken  to  protect  the  surface 
in  Arctic  explorations,  because         -^^^xl  ,1^  -^^^^^^ 

of  the  body  as  completely  as  possible ;  ^"  f;^  ™r  ^  ^^.^.g  deatb.  In  the 

..ay  be  considerably  reduced,  -  a  tempor^^^^^^^^^^^^  ^ 
latter  part  of  the  last  century  Di.  ^'^  '''^  "^^^         \^  below  83°.    This  extreme 
,y  i/mersion  in  a  cold  ^atj^^  r  th   o  Tinutes.lnd  the  temperature  afterward 

depression,  however,  last  d  only  tjo  °r  t        ^^^^^^^^^    ^^^^^^       ^^^^  ^ 

returned  to  withm  a  few  deg  ees  ot  "With  an  external  tempera- 

obtained  by  Hunter,  in  a  senes  «  ^Pper  part  of  the  abdomen  99°,  and  in  the 

ture  of  60°,  he  found  the  t<^-P-f  ^x^^  to  a  cold  atmosphere  of  13°,  and 

pelvis,  96°.    The  animal  was  then  exposea  tor  a  pelvis,  of 

fte  'was  a  diminution  of  '^^^^l^Z^X^^^^^^^  t-i-^^"-  ^"""^^ 

18°    These  results  show  that,  while  the  normal  va  sliKht,  generally  not  rang- 

ubjec  ,  even  when  exposed  to  great  ^l-at-  ehangos,      S  to'ex'eessive  heat  or  cold, 

^.7    P  7«    Tt  is  to  be  expected  that  the  temperature 
Variations  in  Different  Parts  of  tUe        '^l^^'^^^^,         that  of  parts,  like  the 
of  the  mternal  organs  should  be  ^^^^^  ^^J^^^J^J^/.rby  evaporation  and  contact  with 
axilla  or  month,  more  or  less  ^^P^^;;        "[J'^Ld  in  certain  parts,  as  in  the  two 
the  cool  air ;  and  the  differences  ob  ei  ed  ,n  tb  ^^^^^^^^^^^  ^^^^^  ^^^^ 

Bides  of  the  heart,  have  r  1 1 rsTmply  note  the  variations  observed  n  the  blood  | 

theories  of  animal  heat.    We  ^l^"^']^^'^^^^^^^  to  late  observations,  which  have  gen- 

-iX  "^^^^^^^  '"^^ 

-T»Lf  e^perlmentsl^be.  n^  .1^  — ^ 
•     accompanying  the  general  change  Tor  measuring  the  tempera- 

niost  exact  and  elaborate  are  ^^^^.^^  f;^^^  ' L^the  exceedingly  delicate  "  metastatic 
ture  indifferentpartsof  the  vascular  system  be^se  be  employed  he 

thermometers  of  M.Walferdm;  parts,  frequently  reversing  the 

same  instrument,  introduced  ^-^^^^^'l'^        'J,„e  perfectly  physiological  condition 
order  and  employmg  every  precantion  o  a«  iperimentmg  upon  living  animals 

The  preeminent  skill  of  this  ^^^^'^S^^^^^  "Jf  J^m-acy  of  his  results.  ; 
is  almost  in  itself  a  sufficient  guarantee  of  lowered  in  its  temperature 

iTis  universally  admitted  that  the  blood  l^J^om^^^  \  of  difference  is  ordi- 

in  pas  ng  hrough  the  general  capfflary  ^^^^^^^l^^^^^^^^^  -  probabihty,  upon 
S  not  more  than  a  fraction  of  -^^^11^^^^^,,^^^^^  'on  from'the  surface  of  the  bodj^ 
external  conditions  and  the  evaporation  constancy  g  ^^g^      ^^.^^  generated  m 

This  fact  is  not  at  all  opposed  to  the  f°P°';'_f  the  results  of  nutritive  action  for 
greatest  part  in  the  general  capMary  syst^  a  o^e  of  th  , 

ture  in  the  hepatic  veins  is  from  0  18  to  i 
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figures  ai-e  the  result  of  numerous  experiments  made  upon  dogs.  The  maximum  of  thirty- 
three  observations  upon  the  temperature  in  the  aorta  was  105-8°,  and  the  minimum  98-78°- 
the  maximum  of  thirty-two  observations  upon  the  portal  vein  was  106-34:°,  and  the  mini- 
mum, 100-04° ;  the  maximum  of  thirty -five  observations  upon  the  hepatic  veins  was  107° 
and  the  minimum,  99-86°.  Compared  with  the  aorta,  the  temperature  of  the  portal  vein 
was  generally  found  to  be  higher  (maximum  of  diflFerence,  0-9°) ;  but,  in  a  few  instances 
(five  out  of  fifteen),  it  was  a  very  little  lower,  which  is  explained  by  Bernard  upon  the  sup- 
position that  the  intestinal  canal  is  not  entirely  removed  from  external  modifying  influ- 
ences. These  results  show  that  the  blood  coming  from  the  liver  is  warmer  than  in  any 
other  part  of  the  body. 

The  general  fact  that  the  superficial  parts  are  cooler  than  those  less  exposed  to  loss 
of  heat  by  evaporation  does  not  demand  extended  discussion;  but,  in  a  series  of  experi- 
ments by  Breschet  and  Becquerel,  who  were  among  the  first  to  employ  thermo-electric 
apparatus  m  the  study  of  animal  heat,  it  was  found  that  the  cellular  tissue  was  from  2-5° 
to  3-3°  cooler  than  the  muscles.  This  difi-erence  will  be  readily  understood  when  we 
consider  the  production  of  heat  in  the  general  system,  and  more  especially  in  the  hio-hly- 
organized  parts.  ° 

A  most  interesting  question,  in  this  connection,  relates  to  the  comparative  tempera- 
ture of  the  blood  in  the  two  sides  of  the  heart.  Upon  this  point  there  have  been  several 
conflictmg  observations,  the  results  favoring  two  opposite  theories  of  calorification  By 
some  It  has  been  thought  that  the  blood  gains  heat  in  passing  through  the  lungs  and  this 
13  explained  by  the  theory  of  the  direct  union,  in  these  organs,  of  oxygen  with  the 
hydro-carbons.  Others  suppose  that  the  blood  is  slightly  refrigerated  in  the  air-cells 
The  questions  here  involved  will  be  fuUy  discussed  in  connection  with  the  theories  of 
ammal  heat;  and  we  shall  confine  ourselves  at  present  to  a  study  of  the  experimental 

It  is  evident  that,  when  the  chest  is  opened,  the  external  refrigerating  influences 
might  act  difi-erently  upon  the  two  sides  of  the  heart,  particularly  as  the  right  ventricle 
is  much  thmner  than  the  left.    It  would  not  be  improper,  indeed,  to  exclude  all  observa- 
tions made  m  this  way,  and  to  depend  entirely  upon  experiments  in  which  the  physiological 
conditions  are  not  so  palpably  violated.    Magendie  and  Bernard  introduced  delicate  ther- 
mometers mto  the  two  sides  of  the  heart,  through  the  vessels  in  the  neck,  without  opening 
the  chest.    These  experiments  were  made  upon  a  horse,  and  the  right  heart  was  always 
found  considerably  warmer  than  the  left.  Bering  introduced  a  thermometer  into  the  cavi- 
ties of  the  heart  in  a  living  calf  afi^ected  with  cardiac  ectopia.    The  temperature  of  the 
right  side  was  102-74°,  and  the  left  side,  101-79°.    Georg  von  Liebig  iUustrated  one  of 
he  sources  of  error  in  all  examinations  made  after  opening  the  chest,  by  filling  the  cavi- 
ties of  the  heart  of  a  dog  with  warm  water,  placing  the  organ  in  a  water-bath,  and  bring- 
ing the  two  sides  to  precisely  the  same  temperature.    After  five  minutes'  exposure  to  the 
air,  the  teniperature  in  the  right  ventricle  was  sensibly  lower  than  in  the  left,  which 
was  undoubtedly  due  to  the  diflFerence  in  the  thickness  of  the  ventricular  wallL  The 
observations  by  Bernard  himself  upon  dogs  and  sheep  are  very  conclusive,  as  far  as 
tnese  animals  are  concerned.    In  dogs  he  found  a  difi-erence  of  from  0-1°  to  0-2° 
always  in  favor  of  the  right  side;  and  the  results  in  sheep  were  nearly  the  same' 
inese  experiments  are  only  indirectly  applicable  to  the  human  subject;  and  if  it  be 
aZrat,  ,  n'  ^"^'T  with  "the  state  of  the  skin,  the  digestive 

E  tritin    .  «y«tem  "  (Colin),  it  is  impossible,  in  the  absence  of  positive 

pZTT  "^^T     ^^"'P^'--^"^^.  if  ^ny>  takes  place  in  the  blood  in  its 

tZT  TT^I  the  lungs.    The  only  reliable  observations  upon  this  point  in  man  are 

n°   lis  II         ^T.'"''  ""'^''^      experimentTa  ve^ 

^nions  and  dehcate  thermo-electric  apparatus,  capable  of  indicating  a  difference  of 

±  LM"T  '''''  instrument,  he  was  able  to  determine  very  sS  varfa 

fons  in  the  temperature  of  the  blood  in  the  arterial  system,  by  simply  placing  ti  e  con- 
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,ho  the  '^^ttl^ru  e  ^^^^      Wool  «"1  "''«>  'T' 

when  wo  i-esliire  «ir  ot  the  temiieiatu  ,  ,™fimeiitB  performed  upon 

.ater,  aU  loss  ^.^-^ llZZlZ  ^l'^^^  ole  Jon  of  te.pera- 
this  pnuciple  Prof.  L""^,^''':^;'"  J/  ,  l^od  is  ordinarily  cooled  in  passing  through  the 
ture  to  justify  the  conclusion  that  the  blood     ^''"^^  /    ,  , 

lungs.  These  experiments  cannot  be  -  J^^^  ^'^eX^^^^^^^  circula- 
ters  into  the  heart  in  living  animals  ^^'"^l^'J^^^^^  as  faffing  to  prove 

tion;  but  they  are  importan  ,  in  ^'''^'''  'V'^^  these  flcts  it  appears  that 

that  the  blood  is  either  cooled  or  ^<^^  ^^J^^fj^^^^;  '^^^^^^  in  the  blood  in  passing 
there  is  no  positive  evidence  of       f^^f  ;^l7S,'  ,7probably  exist  no  constant 

through  the  mngs  in  the  human  subject  In  ^^^^f  ^f^^  J,,,,  l,eat  by  the 
differences  in  temperature  m  the  two  ^^^^.^  °/  f^^^^^^^^  ,f  tair,  the  blood  is  genei- 
general  surface  is  active,  as  m  an.ma  s  with  a  slight  °  bably  lose  a 

aUy  cooler  in  the  right  cavities ;  but,    ^-^-^f^^^^^^^  "  00^^^^^^^^^         left  side.  There 
great  deal  of  heat  by  the  pulmonary  surface,  tie  b W  is  coo  e    p  ^^^^ 

Ln  be  no  doubt  that  there  are  -/"S^-^^^^^^^^^^^^  ZTJ.  ;qualized  and  some- 

lungs  are  by  no  means  the  most  important  organs  of  calorification. 

^   ■  J    ^  Tif«    Thfi  most  important  variations  in  the  tem- 
YMom  at  Different  Penods  of  Y'-7^t  l  lZl.i  m  infants  just  after  birth, 
perature  of  the  body  at  different  periods  of  ^  J^^^^^^^^^^^  exceptional,  the  body  of 

iside  from  one  or  two  observa  10ns,  which  a-J^-f^^^^^^^^  ^J,,.  ...events  a  dimi- 
the  infant  and  of  young  mammaha  and  i^^^cy  the  abffity  to  resist 

nution  in  temperature  of  ^--^J^^^^'';,  ^^^^  of  the  child  nearly 

^"x&ments  of      E.  Edwards  ^^-^  ^^-^^^IT  — 
tion  during  the  first  Pe™ds  «  -tra-utenne^M^^^ 

particularly  dogs  and  cats  tha  are  aiminished  when  they  were 

ovale  remains  open  for  a  few  ^7^7^;  ;  Zn  become  reduced  to  a  condition 

removed  from  the  body  of  the  mother,_  ^^^'^^J^ll^l^^^^  gfteen  days,  this  change  in 
approximating  that  of  cold-blooded  "^^^^^^^^^^^  fell  after  three  or 

temperature  could  not  be  efltected.       ^^^^        ^        ,  fe^  degrees  above  that  of  the 
four  hours'  separation  from  the  mother        P"™*^^^^,  are  fully  illustrated  in  in- 
surrounding  atmosphere.    The  ^^^J^  ^^^^l^tX  r^:^^^^^^  in  infants 
stances  of  premature  birth,  when  ^^^^^  ^^^.^^^^^^^^^         In  certain  instances  in  which 
at  term,  and  in  cases  of  persistence  of  t^^^  fouimey  va         ^       ^^^^^     ^^early  in  the 
life  has' been  prolonged  under  this  abncn-mal  o^^^^J^^^  the  remarkable  power  of 
condition  of  a  cold-blooded  ammal.    We  can  a  1  o  u                   ^^^^^  ^old-blooded  am. 
resistance  to  asphyxia  in  newly-born  ^^'^^f  '      ;',;'Jthe  higher  classes, 
mals  will  bear  deprivation  of  oxygen                            ,nd  constant  variation  in  the 
In  adult  life  there  does  not  appear  to  ^^^^.^^  "'^'i^'^'^^^ervations  of  Davy,  while  the 
normal  temperature;  but,  in  old  age,  accordmg  to  the 


ANIMAL  HEAT.  5i2 

actual  temperature  of  the  body  is  not  notably  reduced,  the  power  of  resisting  refrigerat- 
ing influences  is  diminished  very  considerably. 

There  are  no  positive  observations  showing  any  constant  difierences  in  the  tempera- 
ture of  the  body  in  the  sexes ;  and  it  may  be  assumed  that,  in  the  female,  the  animal 
heat  is  modified  by  the  same  influences  and  in  the  same  way  as  in  the  male. 

Diurnal  Variations  in  the  Temperature  of  the  Although  the  limits  of  variation 

in  the  animal  temperature  are  not  very  extended,  certain  fluctuations  are  observed, 
depending  upon  repose  or  activity,  digestion,  sleep,  etc.,  which  it  is  necessary  to  take 
into  account.  These  conditions,  which  are  of  a  perfectly  normal  character,  may  in- 
duce changes  in  the  temperature  amounting  to  from  one  to  three  degrees.  It  has,  been 
ascertained  that  there  are  two  well-marked  periods  in  the  day  when  the  heat  is  at  its 
maximum.  These,  according  to  the  most  recent  observations  in  Germany,  are  at  eleven 
A.  M.  and  four  p.  m.  ;  and  it  is  a  curious  fact,  that,  while  all  observations  agree  upon  this 
point,  the  very  elaborate  experiments  of  Lichtenfels  and  Frohlich  show  that  these  periods 
are  well  marked,  even  when  no  food  is  taken.  Biirensprung  and  Ladame  farther  show 
that  the  fall  in  temperature  during  the  night  takes  place  sleeping  or  waking;  and  that 
when  sleep  is  taken  during  the  day  it  does  not  disturb  the  period  of  the  maximum,  which 
occurs  at  about  four  p.  m.  According  to  these  experiments,  at  eleven  in  the  morning 
the  animal  heat  is  at  one  of  its  periods  of  maximum  ;  it  gradually  diminishes  for  two  or 
three  hours  and  is  raised  again  to  the  maximum  at  about  four  in  the  afternoon,  when  it 
again  undergoes  diminution  untU  the  next  morning.  The  variations  amount  to  from  about 
1°  to  2-16.°    The  minimum  is  always  during  the  night. 

The  relations  of  the  animal  temperature  to  digestion  are  still  somewhat  indefinite.  It 
is  weU  known  that  activity  of  the  digestive  organs  increases  the  consumption  of  oxygen 
and,  to  a  correspondmg  degree,  the  exhalation  of  carbonic  acid;  but  we  have  to  assume 
that  the  production  of  heat  is  in  direct  ratio  to  the  respiratory  action  in  order  to  estab- 
lish any  relation  between  calorification  and  the  digestion  of  ordinary  food.  It  is  easy  to 
calculate  that  a  given  amount  of  oxygen  wiU  produce  a  definite  quantity  of  carbonic  acid 
and  will,  by  its  union  with  carbon  and  hydrogen,  generate  a  certain  number  of  "units 
ot  caloric  ;  "  but  the  mechanism  of  the  production  of  animal  heat  is  too  complex  and  not 
well  enough  understood  to  admit  of  such  positive  reasoning.  There  is,  indeed,  no  experi- 
menta  evidence  of  any  marked  and  constant  change  in  the  general  temperature  of  the 
body  during  the  ordinary  process  of  digestion ;  but  it  is  none  the  less  true  that  the  quan- 
tity and  quality  of  food  bear  a  certain  relation  to  calorification.  This  is  inevitable  from 
the  connection  of  animal  heat  with  the  general  process  of  nutrition  ;  but  this  relation  is 
expressed  m  the  connection  of  calorification  with  nutrition  of  the  tissues,  and  not  in  the 
process  of  the  digestion  or  absorption  of  food.  We  shall  see  that,  when  nutrition  is  modi- 
nea  by  alimentation,  the  general  temperature  is  always  more  or  less  afl^-ected  ;  and  when 
the  requirements  of  the  system,  as  far  as  the  generation  of  heat  is  concerned,  are 
cnanged,  by  climate  or  otherwise,  alimentation  is  modified.  One  of  the  objects  of  ali- 
mentation and  nutrition  is  to  maintain  the  body  at  a  nearly  constant  temperature 

Ihe  influence  of  defective  nutrition  or  inanition  upon  the  heat  of  the  body  is  very 
marked.  John  Hunter,  in  his  experiments  upon  animal  heat,  made  a  few  observations 
upon  this  point  and  noted  a  decided  fall  in  temperature  in  a  mouse  kept  fasting  The 
same  phenomena  were  also  observed  by  Collard  deMartigny;  and  Ohossat  noted  the 
meets  of  deprivation  of  food  upon  the  power  of  maintaining  the  animal  temperature  in 
lie  most  exact  and  satisfactory  manner.  In  pigeons,  the  extreme  diurnal  variation'  in 
temperature,  under  normal  conditions,  was  found  by  Chossat  to  be  1-3.°  During  the 
progress  of  inanition,  t]>e  daily  variation  was  increased  to  6-9,°  with  a  slight  but  well 
marked  diminution  in  the  absolute  temperature  ;  and  the  periods  of  minimum  tem^ 

Zl'Z  r""'"7  ^''f  P--<l-g  ^eath  from  starvation,  t  J  fmi- 

nution  in  temperature  became  very  rapid,  the  rate,  in  the  observations  on  tu  tie-dove 
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being  from  r  to  11°  per  hour.    Death  usually  occurred  when  the  diminution  had 

'''^Zttltll^^E  conditions  call  for  the  development  of  a--^-^ 

vv  iiuu  uuu  ou  b  regards  the  quant  ty  and  kmd  of  food  but 

heat,  the  d.et  -  ^^^^^^^  f '  ^^^^'^/^^^^^  a  kind  capable  of  maintaining  proper 
when  food  .s  ^'^^en  -  uftc     ^      J  ^  tempera' ure.    If  we  w6re  to  adopt 

nu  ntion,      ^'^^^^^fl^'^JZi^^^^  alimentary  principles  are  the  sole 

without  reserve        ^  ^J'^^  should  certainly  be  able  to  determine  either  an 

'''''''  "Inte  ZttZi  o.TXt^r  loss  of  heat  from  the  surface,  in  persons  partak- 
lacrease  n  ^^.^  J^^^^^^^  ^  Tins,  however,  has  not  been  shown  to  be  true ;  and  he 

ing  largely     f  j^";*^^^^^^^^^^  ^^i^r^  in  the  same  cUmate,  even  in  persons  hving 

compared  with  the  diet  in  the  wmter.    But  ^1*°"^^      ^  J^^^  not  large,  these 

many  of  the  fresh  vegetables  used  durmg  ^^"^^l^  '''^^^^^^  the  ordinary 
articles  are  equally  deficient  m  f^'^lZl\rZl:t^^^^^^^  amount  of  nitrogenized 
diet,  composed  of  meat,  fat,  bread  P^^^^toes  etc  contains  a  g 

substance,  as  well  as  a  considerable  P>-°P;^^^°7^^  of  principles,  the 

„er,  we  instinctively  reduce  the  P-P-t-^  ^^  fevl  more^  illustrated  by  a 
more  succulent  articles  takmg  their  place.    J^^^^^^^ Under  the  head 

comparison  of  the  diet  in  * ^arn' "d  Z^^^^^^^^  of  food  consumed  in  the 

of  alimentation,  we  have  already  noted  t^e  proo  g^^      i  ^.^^  ^^^^^^^ 

Arctic  regions  and  the  effect  of  the  contim  d  -W^^^^^^ 

accustomed  to  a  temperate  chmate    It  is  f;*^;'  ,f  ^eat,  about  one-third  of 

ration  of  the  Esquimaux  is  from  twelve  «  f  ,  temperature  ranging 

^hich  is  fat.    Dr.  Hayes,  the  ^^^^  ? J^^^^^^^^^^^^  animal  diet,  particula,-ly 

from  -60°  to  -70,°  there  was  a  eo^t'^^^^eraving  t  e      ^^^.^  ^^.^^..^^ 

fatty  substances.    Some  of  the  members  of  the  party  were 

contents  of  the  oil-kettle  ^^^^'  itioh  surround  inhabitants  of  temperate  regions,  in 
Under  such  conditions  as  those  ^^J^^.  ^^'^', natively  demanded,  in  order  to  keep 
passing  into  the  frigid  zones  a  change  ^"^^^^^^.^^^^ en  the  climate  is  changed  from 
?be  animal  temperature  at  the  P-P^/^it  t^^^^^^^^  remain  the  same.  It  is  a  pretty 
the  temperate  to  the  torrid,  the  h^hits  of  Me    eq       y  .^^^^^        ^^^^  „f 

general  opinion  among  physicians  ^^"j!^;!  ™^ed  their  residence  from  a  temper- 
?be  pecuhar  disorders  that  ^^  t^^  J^^^^J^re!  to  the  fact  that  the  diet  and  hab- 
ate  to  a  very  warm  climate  are  aue,  mug 

its  of  life  are  unchanged  ^  temperature  has  been  studied 

The  influence  of  alcoholic  beverages  up°^  t>e  ^.^^.^^ 
chiefly  with  reference  to  the  question  of  their  ^^^ej  en^     ^  ^g-^^^s  of  alcohol, 

•ve  COM.    We  have  already  ^^-ussed  somew^^^^^^      h  ph,^  ^^^g  ^^^^^^^^^^^ 
and  we  have  seen  that  its  use  does     ^^^^^^^  ^^^ony  of  scientific  Arctic  explorers;  and 

agreat  length  of  time  ^^^^^ J^^rlT^^^^^^^  ^""^^'^^'^ 
Dr  Hayes  particularly  states,  tnat, 

useless,  but  positively  injurious."  ^  nutrition  constitute  a  most  interestmg 

Th^  relations  of  animal  heat  to  ^o^P"  f„ny  considered  in  discussmg 

and  important  division  of  the  subject,  which 
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tho  various  thoorios  of  calorification.    As  a  rule,  when  the  respiratory  activity  is  physio 
logically  increased,  as  it  is  by  exorcise,  bodily  or  mental,  ingestion  of  food  or  by  diiuin 
ished  external  temperature,  the  generation  of  heat  in  the  body  is  correspondiuffly  auc 
mented;  and,  on  the  other  hand,  it  is  diminished  by  conditions  which  physioWically 
decrease  the  absorption  of  oxygen  and  tho  exhalation  of  carbonic  acid 

The  relations  of  animal  heat  to  the  general  process  of  nutrition  are  most  intimate 
Any  condition  that  mcreasos  the  activity  of  nutrition  and  of  disassimilation,  or  even  any 
thing  that  mcreases  disassimilation  alone,  will  increase  the  production  of  heat  The 
reverse  of  this  proposition  is  equally  true.  In  pathology,  the  heat  of  the  body  may  be 
mcreased  by  a  deficient  action  of  the  skin  in  keeping  down  the  temperature,  without  any 
mcrease  m  the  activity  of  calorification. 

In^nence  of  Fxercise,  etc.,  upon  the  Meat  of  the  Body.-Th^  influence  of  muscular 
T^l  T""  f  c^liarly  interesting  in  connection  with  the  theories  of  calori- 

fication, from  he  fact  that  the  muscular  system  constitutes  the  greatest  part  of  the  organ- 
ism; and,  as  has  repeatedly  been  shown  by  experiment,  a  muscle  tak'en  from  a  Sg 
animal  is  not  only  capable  of  contraction  upon  the  application  of  a  stimulus,  but  it  wS 
perform  for  a  time  certain  of  the  acts  of  nutrition  and  disassimilation,  such  a  the  appro^ 
priation  of  oxygen  and  the  generation  and  exhalation  of  carbonic  acid 
T.ni     "^°^Jf°"'Pl«*^^/'«P°«««f  tlie  muscular  system  is  observed  during  sleep,  when 

iT  Th-;  Jn"  -^1-^-  °ffl«,di-i-tion  in  the  general  temperature  at  ?his 
tun      This  fact  has  been  observed  by  aU  who  have  studied  the  question  experimentally 

betir.nd""  T  "  ^^P-^t--  of  the  body,  the  minimum  is  aLays  dthfg 
the  mght ;  and,  as  we  have  already  seen,  this  is  not  entirely  dependent  upon  sleep  for  I 

rJl-     '^1.    f  Observation,  that  one  of  the  most  eflicient  methods  of 

resisting  the  depressing  mfluence  of  cold  is  to  constantly  exercise  the  muscles   and  it 
js  well  known  that,  after  long  exposure  to  intense  coldf  the  tendency  r    ep  wWcl 
becomes  almost  irresistible,  if  mdulged  in,  is  followed  by  a  very  rapid  loss  of  hi  J  .n  1 
.  J^ost  certain  death.    It  is  not  necessary  to  cite  the  accounts  of' travellers  and  o  h  rs  in 
■  support  of  these  facts    In  some  animals,  the  amount  of  increase  in  the  ten^'eratl" 
1  t  fTi'  "  ^"^^  ^^^^  --ked  in  the  class  of^nsects 

noted  ber'"T  "'^7^''"'  -^^'^  otber  insects,  a  difference  of  about  "rCas 

"actfaL  "  "        ''-d^tions  of  complete  repose  and  great  muscular  activity  TiLo 

-  heat  of  the  bodTwftht  It  grea  y-mcreased  action  of  the  skin,  which  keeps  the 
of  heat  from  the  surfoce  wis  L  rfil   """''^  ^^Peri-ents  of  Newport,  the  loss 

The  effects  of  actfve  excise    sin  'f  T  7'  ''''' 
by  Dr.  Davy.    He  fZlTZlZ    ^        '"'^"''^  ^^^^  observed 

thetongue)ramounttTt  betw^^^  elevation  in  the  general  temperature  (taken  under 
-were  oL  ;ed  r^Te^ xt  "^^^^^^^  and  two  degrees ;  but  the  most  marked  effects 
:ezercise.  extiemities,  especially  when  they  were  cold  before  taking  the 

-bs'ttcfoTir  mutr"?hirili  f  r   ^^^^^  ^^^^-^  ^^^--^^  - 

ingenious  exper  mZ  of  BlaLr  J  rp  ^"%««ttled  by  the  very  interesting  and 
into  the  bicersTa  mafwt         hT  ^"^^'"'^'^"-^    thermo-electric  needle 

ologists  noted  an  eiratiln  of    m^ernJ™  ^^'^^^  P^I^i" 

fahr..    The  producer t^^TZtZ  STr"^"^^'^  '""'^''^ 
^-d  byMatteucci,in  experiments  with  ;Sr.:ril"rrmrf:r"^t^^^^^ 
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1  „.-v,„intinTi  of  pflrbonic  acid  after  the  muBcle  had 
aUI  he  observe  a»  0^  0^^^^^^^^^^  ,e.pera- 

beea  removed  from  the  body  ot  the  ^^^.^^.^^^^  ,^„it,d. 

ture  of  about  one  iUustrating  the  facts  above  Boted  or 

It  is  useless    ^'^l^^^^^L^^^^^^  of  a  given  quantity  of  calonc  mto 

to  discuss  elaborately       tl"'^"  The  conditions  in  tlie  animal  economy  are 

a  definite  and  an  mvanablo  amount  o  wo  cutaneous  and  respiratory 

such  that  we  cannot  exactly  ^PP--^^^^^^^^^  ^^^^iZt  t^ch  involve  the  disappearance 
surfaces;  ^o'"  ^J'^.Vcarbo^^^^^^^  the  exact  changes  undergone  by  the 

of  oxygen  and  the  -"^^^^of  f  d  -a  cons^^^^^^  of  the  body;  the  amount  of  heat 
hydro-carbonaceous  elements  ot  looa  ^^^^^^^^s;  and,  in  short,  we  cannot  make 

involved  in  the  changes  of  f  f  f  l^^fo^e  we  can  hope  to  reduce  the  question 

the  corrections  that  are  ^l^^^^^^^^^y  ^.'^^f  f^^'J^^^^^^^^^     the  deve  opment  of  heat,  and  the 
of  the  oxidation  of  -vt-  ^nc.ples  m 

generation  of  ^^^'^^^^^^^'^^/^ence  of  mental  exertion  on  the  temperature  of  the  body 
Observations  upon  the  mtluence  oi  results.  Dr. 

have  not  been  so  numerous,  but  '^^^^^l^^l^^^^^^^^^  Si  point  and  has  noted  a 
Davy  was  the  first  to  -^^^l^Z^  fel^^^^^^  attention."    The  same  line 

slight  but  constant  elevation  ^"""^   ^^^^  Lombard,  who  employed  much  more  exac 
of  observation  has  been  ^^^"J^j^^YJ,^^^^^^^^^ 

methods  of  investigation.    Prof,         ara  no  ^         ^.^^  exceeding 

during  mental  exertion  of  «  ^^Z^,^^,^,"^^^^^^^  of  the  body  is  increased 

the  twentieth  of  a  degree.    It  is  stated,  also,       Ui^      ^  it  is  diminished 

soon  returned  to  97-25°.  ;^nortant  influence  over  the  animal  temperature 

The  nervous  system  exerts  a  most  "^P°  f  ^  particular  parts.    The  most 

as  it  modifies  the  circulation  and  the  nu  tw^^  proces  1  ^  ^^^^^.^  These 
iateresting  of  these  influences  -^J^^^^^^^^^  the'theories  of  calorification; 

will  be  discussed,  to  a  certain  f  ^^^'^^^^^^^^  consider  the  functions  of  the  sympa- 
bnt  they  cannot  be  taken  np  fully  nntd  we  come  t  ^^^^^  ^i^ply  aUude 

thetic  system  and  its  relations  to  nut^^^^^^^^^  the  nervous  system,  without  attempting  to 
to  certain  phenomena  manifested  througn 

fully  explain  their  mechanism.  ■         q.  particular  part  are 

'^^\?well  known  that,  when  the  ^iXf^'^^^Z  L^^.^j  of  blood  is  increased 
'    divided,  the  arterial  coats  ^'•Y^'f^''\Z  ZZo^^^'^,  and  the  temperature  of  the 
nutrition  is  locally  exaggerated  and  more  o  l^^^n  ^lustration  of  these  facts  in  the  ear 
pa  t  is  increased  by  from  five  to  ten  ^eg^^^  ,,ek,  is  a  very  common  observa- 

S  the  rabbit,  after  division  of  .^^P;^^  ^%lonstrations.  AH  of  these  unnatural 
tion  which  we  have  often  verified  n  V^f^^.^  .^^^  extremity  of  the  nerve.  These 
phe;omena  disappear  npon  ga^-7^7;;^;V^een  frequently  observed  pathologically  m 
Lai  modifications  in  ^e^t^^^^^^^^^^^^^ 

t;d~lt  actX^^^  the  sy-P-^thf  c  ^^^^^^^^^^^  ^,,,,.ena  of 

'  I       evident  that,  if  animal  heat  ^^^VJ^.^^rof  th^^  "^'^.^  ""''^t 

nutrition,  it  must  be  ^-^^Y  "''rfiTationVirtmp  rature  P-duced  by  operatmg  upon 
question  indeed,  whether  the  ™°^;ffJ;f,Ve  ,Sy  to  changes  in  the  ^-PP^^ 

th  temperature;  and,  whenever  the  quantity  f  blood  i^^^  7  "^^^^^ 
erablv  diminished,  the  temperatur    is  leduced.       _^  ^^^^^  ^^^^^  ,y,ng 
operations  for  the  deligation  of  large  artene.. 
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large  vessel,  the  utmost  care  is  necessary  to  keep  up  the  temperature  of  the  part  to 
which  :  s  branches  are  distributed,  until  the  anastomosing  vessels  become  eXrLd 
suftciently  to  supply  the  amount  of  blood  necessary  for  healthy  nutrition.  '^^"gea 

Sources  of  Animal  Seat, 

nf  iSt  ^"^«!-^^t'°g  q"°««on  connected  with  calorification  relates  to  the  sources 
0  heat  m  the  Imng  organism;  and  a  careful  estimate  of  the  physiological  value  of 

.appropriate  ctottog"  ""^  '"^''''''^  '»»  »'         f™"-  the  surface  bj 

so.i7rsr.nT:7a?,:  rrt:?rdt"°'r  r.i  ^  - »"-»-^  •»  • 

b«t  it  m„,t  be  .dmlttea  j;t  »  ,  .    '         Pl>J«.»Io|!ists  of  the  present  d.y; 

bastion  to  the  gene™  p?ofe   If  Ltri.lo  '»  "PP'^  *"»  »«■»« 

..t  o„i,  the  i/eas  of  tr,  grelf  aX "nSrth  °°  i  '»  P"'"™- 

■which  were  in  accordanceTnt  w»h  hi.  1  i  f"''  ?°'  "Pre.sion 
'ion.   It  we  speak  of  anir.i  L         I  '"O-'IeV  of  the  phenomena  of  nutri: 

»ni  be  neees  a  "  ei  i  erT  ,  r  conltl^^^^^^^  of  conibnstion  of  certain  elcnrenl,,  it 
«cors  in  the  organism  ^11^022''^  b'feen  combnstion  as  it 

Jetinition  of  whSTl  he  ,™T    ,    f  °'       ''""'j''  <"  ««          "tb  a  fall 

•edacesltseff  topi/to  aLSr^^^^^^^^^^  T  ""'''""''Poal  comh.stion.  which 
■.ectcd  with  all  of  thrvartd  ™„1.  T  T:  .  K'S-'^-S  oalorlflcatlon,  then,  a,  con- 
Mowing  qnestion,"  °'  »  '■»"'»™  '«      '»       rmine  the 

2  Whit  is  T'"-'       "'^^"^"^    ^^'^t  ted  ? 

^enerate;,1f\?p  calorification,  as  regards  the  amount  of  heat 

3.  What  ;irP  ,  nutrition,  as  we  can  study  them  separately  ? 

™»»ed  and  the  prod.c.;  S  let'rZ'' a'.So'l'X"""  °' 

.»  wbicT  invlTth";  ToZZ^.  t""'"  ""'r  >-.  'be  organ- 

•"-.Is,  and  the  gcneratio n  o,  hc« 

0/  j/jg  Production  of  Animnl  TT^^t    i?^  -c 
-        to  the  opinion  tha^  -71!:;-!:^  ^  1~  ^^^^^^^^ 
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ated  almost  exclusively  m  f      "'  Sans ,  ^^^^  temperature  of  the 

We  have  already  ^^11^--^-^  atd  we  ha  e  seen  tLt  there  is,  to  say  the  least, 

blood  in  its  passage  through  the  ^^^^^J^on  lf  heat  in  these  organs,  sufficient  to  warm 
no  constant  elevation  ^^^^^^^^S  J  S^^f  f^^^^  °{  body  If  we  find  that  the  blood  in 
the  blood,  and  through  .t  '^^^I'^ll'^t^^^^^        when  it  entered  these  organs, 

coming  l^-o-^^XS^Tt^^^^^^^^^^  *° 
it  must  be  admitted  that  tnere  is  a  e  ^.^^^^^^ 

e™p„„«onfro..h,P— There 

the  mere  physical  solution  ot  oxygen  special  organs  of  calorification;  and 

.0  «fe,  ..0.  to  the  P«S~,f '^^^^^^^^^^^^ 
pe»t«re  of  th.  Mood  in  different  p„«   °  *7^'„f,\trS:S   The  e'.periment. 
torn  and  not  in  an,  P»t,e„  »  org«»  »'  °  ^^tri  in  ".nnsele  excited  to  .ont™ction 
of  Matteucci,  showng  °^t  *:Lt^«n^tle  observations  of  B.e,„erel  and  Bre- 
after  it  had  been  f     I,  muscular  contraction,  are  sufficient 

.ebet,  .lowing  increased  ^'J^^^^^^^^lXl^  ^Z  ^'''^ 

JaH  0°  Z  Te^ght  of  'the  bod.        are  a  „ost  important 

"Tbl":rrLtrated,b.tbe.,p™^^^ 

sources  of  caloric.  .p^rmine  by  experimental  demonstration,  not  only  is  ther 

As  far  as  it  is  possible  to  deteimine  oy  expt  function  of  calonfica- 

no  particular  part  or  organ  in  the  body  e^^^^^^^^^^^  1--^^    .^,^^,,3  ,  ,,rt,in 

tion,  but  every  part  in  which  the  ^^*'f;;^%f,^;'Xod-corpuscles  and  other  anatomical 
amount  of  heat ;  and  this  is  probably  true  ^  J^^^'^  body  is  general  and  is  one  of  the 
elements  of  this  class.    The  1-°^-*^°"/^^.^,^^^  nutrition,  it  is  subject  to 

necessary  consequences  of  the  pj^^^^^^^^^^^^^^^  operations  upon  the  sympa- 

.....  of  An^a^  — s  :St:^ssr 

matters  taken  into  the  body  and  the  V^^J'l'^^ZiKon  of  oxygen  and  the  elmiination  of 
its  widest  signification,  this  includes  the  respiration  as  a  nutritive  act 

carbonic  acid;  and,  consequently,  we  ^^f/^^^^^^^^^ 

AH  of  the  nutritive  processes  go     l^^'"^^'';^^^  the  first  periods  of  enibryom 

animals  at  least,  a  nearly  -  °™  ^^^J^f^^Ute^^^^^  to  the  developmen  of 

life  the  heat  derived  from  the  mothei  even  superior  to  it  in  activity, 

tissue  by  a  change  of  substance,  ^^'t'^^^ili^^rrcTre  coexisteit.  It  now  becomes  a 
During  adult  life,  animal  heat  and  the       f^,?/;^^^^^^^  principles  specially  cob- 

nuesSon  to  determine  whether  there  be  any  j^^^e  been  able  to  study  by 

_a^;:crrrctTar:r:«^^^^^  «» 


SOTJECES  OF  ANIMAL  HEAT. 

far  been  possible,  only,  to  divide  the  food  into  different  classes.  Of  these,  leaving  out 
oxygen,  we  shall  consider,  in  this  connection,  the  organic  matters,  divided  into  nitrogen 
ized  and  non-niti-ogenized.  The  inorganic  salts  are  always  combined  with  nitrogenized 
matter,  and  they  seem  to  pass  through  the  organism  without  undergoing  any  considerable 
change;  and  there  is  no  evidence  that  they  have  any  connection,  of  themselves,  with  the 
production  of  heat. 

What  is  the  relation  to  calorification  of  those  processes  of  nutrition  which  involve  the 
consumption  of  nitrogenized  matter  and  the  production  of  the  nitrogenized  excrementi- 
tious  pnnciples  ? 

We  cannot  study  the  phenomena  of  calorification  alone,  isolated  from  the  other  acts 
ot  nutrition.    We  may  confine  an  animal  to  a  purely  nitrogenized  diet,  and  the  heat  of  the 
body  will  be  maintamed  at  the  proper  standard ;  but  at  all  times  there  is  a  certain  quan- 
tity of  non-niti-ogemzed  matter  (sugar  and  perhaps  fat)  produced  in  the  system,  wh  ch  is 
.fomed  only  to  be  consumed.    We  may  starve  an  animal,  and  the  temperature  w  11  not  fa 
to  any  very  great  extent  until  a  short  time  before  death.    Here  we  may  suppose  that  hi 
process  of  depo^tion  of  nutritive  matter  in  the  tissues  from  the  bLTis  iS£  b 
as  ompared  with  the  transformation  of  the  substance  of  these  tissues  into  eftete  matter 
and  It  is  almost  certain  that  non-nitrogenized  matter  is  not  produced  in  the  organism  in 
quantity  sufiicient  to  account,  by  its  destruction  in  the  lungs,  for  the  carbonic  ac  lexhakd 
It  seems  beyond  question  that  there  must  be  heat  evolved  in  the  body  by  oxida^on  of 
nitrogenized  matter.    When  the  daily  amount  of  food  is  largely  increased  fL  the  pZose 
of  generatmg  the  immense  amount  of  heat  required  in  excessively  cold  climates  the  nSo 

Ss«      n^^^^^^  into  effe.,  „»«e,  i„ 

.  of  a^maS  heatV'''"°'  °'  °'  -n-nitrogenized  matter  to  the  production 

:  nJ^^o^^Z  IT'  T  T  °'  '""^  --it-genized  elements  to 
:  the  production  of  heTt        f  f  T  ^^^^^  ^^'^'^  principles  bear  in 

^  sion'of  cer    ;     ^he  e'  ^t?  T  h  •  "  *°  ^ 

■  that  this  class  of  p  t  pirtknown  to\'"'r'"i '  I'  ^'^'^  ^^"^^^  ''''  -^^^^-^ 
our  statements  are  S!  '  ^^<i  the  facts  upon  which 

-rga^reven  when  ttetiettsT  T  T  ^'^^^^  P-^-^<^  -  the 

■  aider  only^he  relltil  of  th^^^^  its  . character ;  but  we  shall  con- 

'thatthe  princp  e  of  hfsei.^ 

formation'  of  JtrogSa  sStaLT"'  "      ^^^^^^^"^  '^''^      ^'^^^^^  °^  ^ 

■isco«:  we^ni;  w\1t*t  ^'^^  fatty  elements  of  food 

lar  tissue,  and  tL  they  ealot  L  a  n  S  Th'  i""'     ^P^"™^  ^ - 

health  in  the  form  undL  whi.h  S  7  '''''''  discharged  from  the  body  in 
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This,  however,  may  be  made  to  disappear  by  violent  exercise  or  under  an  iasuflicient 

'^'^  There  can  be  no  doubt  that  the  non-nitrogenized  class  of  alimentary  principles  is 
iheio  can  do  no  ^  exposure  to  extreme  cold,    llns  is  particularly 

craved  by  he  ^^^.^J^^^^^  eold  climates,  fat  is  a  most  important  element  of 

marked  with  regard  to  he  tats,    in  a  ,.       -..ed  elements  are  largely  in- 

food;  and  in  ^^^I'l^lf^'J^^;^^^^^  increase  in  the  quantity  of  fat.  These 

creased,  '"^''-^ l^.r'"^^^^^  elements  of  food-vvhich  are  not  always 

facts  are  very  «  S^^f^^^^^^^^  Necessary  articles-do  not  form  tissue,  are  not  discharged 
indispensable  though  oft  n^^^^^^^  ^^^^^^^^     ^^^^.^.^^^     ^^^^^^  ^^^^^ 

from  J«  1^°^^' ^f^,';^  L"  the  production  of  carbonic  acid,  perhaps  also  of  water, 
that  their  change  J^^^^^  to  ascertain  the  exact  quantities  of  carbonic 

and  the  evolution  of  heat    "  ^  ^^1^^^  emunctories,  and  to  esti- 

acid,  watery  -P-,  ^t-^^^^  not  surprising  thai  calculations 

TlT:^X''P^oU^^^^^^^  of  fo^d  should  be  frequently  erroneous;  par- 

ttlyt  we^^^  of  knowing  the  exact  calorific  value  of  the  mtrogemzed 

principles.  non-nitroeenized  elements  of  food  are  particularly 

Although  we  may  assume  that  the  concerned  in  the  repair 

single  one  of  the  acts  of  nutiition. 

'~"s^aUons  of  Calorification  to  ^^^P^fo-'-^^^  IZlt. 
cesses  that  can  be  closely  f^^^^^^^^  '^tZ'^Sl7^1    There  c^an  be 
of  a  single  principle  (oxygen  ,  and  that  sWo^is  far  more  than  any  other,  intimately 
no  doubt  that  of  all  the  ^'f^L^^X  Z^^^^^^^^ 

connected  with  calorification    As  far     ^he  gene     p  exhalation  of  car- 

of  heat  is  usually  in  direct  ratio  to  the  conBumpt^n  ^^-f  ^^^^  ,,,eed, 
bonic  acid.    In  the  animal  scale,  -/^j^^^^^'V^^^^^^^^    increases  the  generation 

we  observe  the  greatest  respiratory  activity  J™' J      elimination  of  carbonic  acid. 

of  heat  increases  as  well  the  -^^^^^J^f^^^^^  and  it  cannot  be  interrupted, 

The  production  of  heat  m  warm-blooded  animals  IS  con^^^^^  may  waste  for 

e^enVrafewminutes^  Thesa-^ 

want  of  nourishment,  but  ^^^^^^^J^^J  °  surrounding  temperature ;  and  there  is  no 
which  is  almost  always  much  higher  than  ^  existence  as  the  appro- 

other  nutritive  act  so  constant  and  ^^^^^^^^^^^^^ 

priation  of  oxygen.    It  is  not  surpnsmg,  then  t^^^^  ^^^^^^^   proportion  of  the  gases  in 

of  discoveries.    In  the  latter  part  of  the  last  centmy,  ^l^^  S^at  ^nem  , 
e  ed  1°!  intimate  nature  of  the  respiratory  process  and  aPPl-^  uearly  all 

Tmption  of  oxygen  and  the  -o^on  of  car^^^^^^^^  fore- 
of  the  great  advances  in  ^'^^'^^^^f'^'l^^^^  from  a  purely  histoncal 

shadowed  by  earlier  writers.    It  wiU  not  nndo  ibtedly  went  as  far  in  his 

point  of  view,  of  the  discoveries  ^^^^.^^y^f^r^'-^.^  possible  in  the  condition  of  the 
explanations  of  the  phenomena  of  ammal  heat  as  was  possi  .^^^.^^^^^^  ^^^^ 

science  at  the  time  his  i^-^««g'^trr;^^;'^,ri  e  ^St  to^ver  L  regarded  as  the  author 
some  errors  in  his  calculations  and  deductions  he  ^^^^^'^^...fils. 
of  the  first  reasonable  theory  of  the  generation  of  heat  by 
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The  Consumption  of  Oxygen  and  Production  of  Carbonic  Acid  in  Connection  with 
the  Evolution  of  Heat. — As  far  as  it  has  been  possible  to  determine  by  actual  experi- 
ment, all  animals,  even  those  lowest  in  the  scale,  appropriate  oxygen  and  eliminate  car- 
bonic acid.  This  is  equally  true  of  all  living  tissues  ;  and,  since  it  has  been  ascertained 
that  oxygen  is  dissolved,  as  oxygen,  in  the  arterial  blood,  that  it  disappears  in  part  or 
entirely  in  the  capillary  circulation,  that  carbonic  acid  is  taken  up  by  the  venous  blood, 
both  in  solution  and  in  feeble  combination  in  the  bicarbonates,  to  be  discharged  in  the 
lungs  by  displacement  and  the  action  of  the  pneumio  acid,  and  that  the  tissues  them- 
selves have  the  property  of  appropriating  oxygen  and  exhaling  carbonic  acid,  those  who 
adopt  the  theory  of  Lavoisier  have  simply  changed  the  seat  of  oxidation  from  the  lungs 
to  the  general  system. 

It  has  been  proven  beyond  question  that  oxygen,  of  all  the  principles  introduced  from 
without,  is  the  one  most  immediately  necessary  to  nutrition  ;  and  it  differs  from  the  class 
of  substances  ordinarily  known  as  alimentary,  only  in  the  fact  that  it  is  consumed  more 
promptly  and  constantly.  In  the  same  way,  carbonic  acid  is  to  be  regarded  as  an  ele- 
ment of  excretion,  like  urea,  creatine,  etc.,  differing  from  them  only  in  the  immediate 
necessity  for  its  elimination.  As  the  comparatively  slow  excretion  of  urea  and  other 
nitrogenized  matters  is  connected  with  the  ingestion  of  ordinary  alimentary  substances 
that  are  slowly  appropriated  by  the  tissues,  so  the  rapid  elimination  of  carbonic  acid  is 
connected  with  the  equally  rapid  appropriation  of  oxygen.  There  is  no  reason  why  we 
should  not  regard  carbonic  acid,  like  other  effete  substances,  as  an  excretion,  the  result 
of  disassimilation  of  the  tissues  generally ;  but,  more  closely  than  any,  it  is  connected 
with  the  rapid  and  constant  evolution  of  heat. 

Experiments  on  the  influence  of  the  sympathetic  nerves  upon  the  temperature  of  par- 
ticular parts  have  completed  the  chain  of  evidence  in  favor  of  the  localization  of  the 
heat-producing  function  in  the  tissues.  It  is  not  our  purpose  to  discuss  the  relations  of 
the  sympathetic  system  to  nutrition,  deferring  this  subject  until  we  come  to  treat  spe- 
cially of  the  nervous  system ;  but  the  facts  bearing  on  calorification  are  briefly  as  follows : 
If  the  sympathetic  nerve  be  divided  in  the  neck  of  a  rabbit  or  any  other  warm- 
blooded animal,  the  side  of  the  head  supplied  by  this  nerve  will  become  from  five  to 
eight  or  ten  degrees  warmer  than  the  opposite  side,  or  than  the  rest  of  the  body.  This 
observation  we  have  repeatedly  verified.  The  conditions  under  which  this  local  exag- 
geration of  the  animal  heat  is  manifested  are,  dilatation  of  the  arteries  of  supply  of  the 
part,  80  that  it  receives  very  much  more  blood  than  before,  and  increased  activity  in  the 
general  process  of  nutrition.  It  also  has  been  observed,  in  experiments  upon  the  horse, 
that  the  blood  coming  from  the  part  is  red  and  contains  very  much  more  oxygen  than 
ordinary  venous  blood. 

_  The  observations  of  MM.  Estor  and  Saint-Pierre  show  that  the  blood  coming  from 
inflamed  parts,  in  which  there  is  a  considerable  elevation  above  the  normal  temperature 
13  red,  and  that  it  contains  from  fifty  to  two  hundred  and  fifty  per  cent,  more  oxygen  than 
ordmary  venous  blood.  These  facts  are  regarded  as  inconsistent  with  the  view  that  the 
temperature  of  parts  is  due  chiefly  to  oxidation  ;  but,  when  we  consider  the  fact  that,  in 
the  conditions  above  mentioned,  the  actual  quantity  of  blood  circulating  in  these  parts  is 
1  increased  many  times,  the  error  in  the  deduction  is  palpable  enough.  It  is  not  sufficient 
to  show  that  the  blood  coming  from  an  inflamed  tissue,  with  an  abnormally  high  temper- 
ature, contains  more  oxygen  than  under  ordinary  conditions,  but  it  is  indispensable  to 
demonstrate  that  the  absolute  quantity  of  oxygen  consumed  is  diminished.  For  exam- 
ple. If  the  venous  blood  should  contain  double  the  normal  proportion  of  oxygen  but  the 
quantity  coming  from  the  part  should  be  increased  threefold,  it  is  evident  that  the  actual 

mTr^lr     yf^.  "T^*^  illustration,  let  us  assume  that,  in  one 

mmute,  100  parts  of  blood,  containing  10  parts  of  oxygen,  circulate  through  a  member 
os.ng  ,n  Its  passage  7-5  parts  of  oxygen,  thus  leaving  a  proportion  of  2-5  of  oxygen  for 
the  venous  blood;  if  the  part  become  inflamed,  let  us  suppose  that,  during  the  same 
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period  300  parts  of  blood,  with  30  parts  of  oxygen,  pass  through,  but  that  the  venous  blood 
periou,  ouu  [mi  la     u  u    ,  t  would  show  an  actual  consumption 

contains  five  per  cent,  of  oxygen,  oi  lo  parts,  inai  woum  pomlitionK 
of  15  oarts  of  oxygen  in  inflammation,  against  7-5  under  normal  nutntive  condi  louh. 
Estor  and  SaintSiTC  do  not  state  the  amount  of  increase  in  the  quantity  of  blood  cn- 
ttt  ng  through  inflamed  tissues,  but  they  admit  that,  "  in  inflammation  tie  vessels  are 
St  7ani  the  current  of  blood  is  more  rapid."  An  increase  in  the  absolute  quantity 
orblood  passing  through  parts  after  division  of  the  sympathetic  nerves  distributed  to  the 
1^  of  trerood-vessds  has  been  observed  by  all  who  have  experimented  upon  thosub- 
nrf  the  increase  is  probably  greater  than  that  which  we  have  assumed  in  our  argu- 
^     I     An  adSnal  ^-S^^^^^^  "'^'^  interpretation  of  the  experiments  of 

Sr  and^t"^^^^^^      fact,  noted  by  them,  that  the  blood  from  inflamed  parts 

-"S^r  .ion  there  be 

tha"hiUproces.sofnut.t^^^ 

^  oxygen  and  the  formation  of  carbonic  acid. 

Intimate  Mature  of  tU  Calorific  —^^J^f 
of  the  calorific  processes  mvolves  simply  -  ™- ^  "  of  cer- 

low  the  material  transformations  m  the  organism,  whicti  i^voive  i 

ta^  principles,  the  production  of  new  compounds,  and  he  -oMi  -f  heat  As  regards 
the  nature  of  the  intermediate  processes  ^^^^^'^^^l'^;'^^^^^^^  sim'ple  facts, 
the  production  of  carbonic  acid  -I'^^rl^ltl^^^^  -nished,  perhaps  by  the 
Oxygen  disappears,  carbonic  acid  is  to  med,  and  t^^y'^^'^"^  [^^  intermediate 

tissues,  perhaps  by  the  ^'^^^^^^^^l^l^^^  Xvefe  between  the  appropria- 
changes  are  more  simple  and  rapid  than  tl^o^^/^^^"  ,    ^itrogenized  excretions; 

tion  of  nitrogenized  -tritive  matte.  ^^^^^^  7th  se  ^tsseS^^^^  all  of  its  dif- 
but  we  have  never  been  able  *°  f  ^^^^^  of  our  positive  knowledge, 

ferent  phases.    We  must  be  content,  in  f  ^P'^'^;'';;  nutrition;  and  we  have 

to  regard  calorification  as       «        ^^.^^^^^^^^^^  d^appear'ance  of  certain 

;Sc;;i:rr;ff:^^^^^^^^^^^  -  .ways  and  of  necessity  associated 

with  the  development  of  heat. 

E,uali.ationoftneAni^alTe^,eratu^^^^^^^^ 
in  the  human  subject  has  shown  that  under     J^^^;^^^^^^^  below  the  standard 

the  body  is  equalized.    Nearly  always,  ^^^^  "'^^f,      ^  of  caloric.  Under 

of  heat  of  the  body,  and  there  is,  of  ^^^f^^^^J' the  general  surface; 
all  conditions,  there  is  more  or  less  loss  of  ^eat  by  evapoiation  g     ^^^^^^  ^^.^ 

and,  when  the  surrounding  atmosphere  is  very  cold  ^*  ^e^^^'^^.^^  certainly  be 

loss  to  the  mmimum.  This  is  done  by  appropnate  clothing  w^  ^^^^^^^^ 
regarded  as  a  physiological  necessity,    ^be  P-pe    ^-^^^  ^^^^  p,,,,ieal 

power  of  different  materials,  their  f  f  ^j^^^"!  \  .^es    Clothing  protects  from 

hygiene,  and  their  full  discussion  belongs  ^^^^^fj^^^^^^^^^^  ,he  heat  of  the  sun, 
excessive  heat  as  well  as  from  cold.    Thm,  poious  a  t  excessive  cold, 

equahze  evaporation,  and  afford  great  l,eat  from  the  body, 

clothing  is  of  the  greatest  impoi-tance  f^Jj^^i'^J^^^^^^      useful  chiefly  as  non- 

When  the  body  is  not  exposed  to  currents  of  air  t  °  garme  ^.^^  ^^^^^^^ 

conductors,  imprisoning  many  layers  fP^'-'^^'t-orthe  rnd  which  increases  so  greatly 
It  is  farther  very  important  to  protect  the  ^  ^  .T  *^^7jtw  intense  a  cold  may  be 
the  loss  of  heat  by  evaporation.  It  is  ^^^.^ff^' JXentotioI  and  exercise  and  with 
resisted  by  healthy  men  under  proper  conditions  of  alimentation 
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tlie  protection  of  appropriate  clothing,  as  in  Arctic  explorations,  when  the  thermometer 
has  for  days  ranged  from  —60°  to  —70°  Fahr. 

When  from  any  cause  there  is  a  tendency  to  undue  elevation  of  the  heat  of  the  body 
cutaneous  transpiration  is  increased,  and  the  temperature  is  kept  at  the  proper  standard! 
We  have  already  considered  this  question  in  treating  of  the  action  of  the  skin,  and  we  have 
noted  facts  showing  that  men  can  work  when  exposed  to  a  heat  much  higher  than  that 
of  the  body  itself.    The  amount  of  vapor  that  is  lost  under  these  conditions  is  sometimes 
enormous,  amounting  to  from  two  to  four  pounds  in  an  hour.    We  have  ourselves  often 
noted  a  loss  of  between  two  and  three  pounds  after  exposure  for  less  than  an  hour  to  a 
steam-bath  of  from  110°  to  116° ;  and  a  much  greater  elevation  of  temperature,  in  dry 
air,  can  be  tolerated  with  impunity.    We  have  aUuded  to  some  of  the  observations  upon 
the  temperatures  that  could  be  borne  without  bad  results,  in  connection  with  the  ques- 
tion of  variations  in  the  heat  of  the  body.    In  the  experiments  of  Delaroche  and  Berger 
the  temperature  was  considerably  under  200°.    TiUet  recorded  an  instance  of  a  young 
girl  who  remained  in  an  oven  for  ten  minutes  without  Inconvenience,  at  a  temperature 
of  130°  Edaumur,  or  324-5°  Fahr.    Dr.  Blagden,  in  his  noted  experiments  in  a  heated 
room,  made  m  connection  with  Drs.  Banks,  Solander,  Fordyce,  and  others,  found,  in  one 
series  of  observations,  that  a  temperature  of  211°  could  be  easily  borne  ;  and,  at  another 
time,  the  heat  was  raised  to  260°.    Ohabert,  who  exhibited  in  this  country  and  in  Eu- 
rope under  the  name  of  the  "fire-king,"  is  said  to  have  entered  ovens  at  from  400°  to 
600°.    Under  these  extraordinary  temperatures,  the  body  is  protected  from  the  radiated 
heat  by  clothing,  the  air  is  perfectly  dry,  and  the  animal  temperature  is  kept  down  by 
excessive  exhalation  from  the  surface. 

It  is  a  curious  fact,  that,  after  exposure  of  the  body  to  an  intense  dry  heat  or  to  a 
heated  vapor,  as  in  the  Turkish  or  Eussian  baths,  when  the  general  temperature  is 
somewhat  raised  and  the  surface  is  bathed  in  perspiration,  a  cold  plunge,  which  checks 
the  action  of  the  skm  almost  immediately,  is  not  Injurious  and  is  decidedly  agreeable 
Ihis  presents  a  striking  contrast  to  the  effects  of  sudden  cold  upon  a  system  heated  and 
exhausted  by  long-continued  exertion.    In  the  latter  instance,  when  the  perspiration  is 
suddenly  checked,  serious  disorders  of  nutrition,  inflammations,  etc.,  are  very  liable  to 
occur.    The  explanation  of  this,  as  far  as  we  can  present  any,  seems  to  be  the  following: 
When  he  skm  acts  to  keep  down  the  temperature  of  the  body  in  simple  exposure  to 
external  heat,  there  is  no  modification  in  nutrition,  and  the  tendency  to  an  elevation  of 
the  animal  temperature  comes  from  causes  entirely  external.    It  is  a  practical  observa- 
lon  that  no  bad  effects  are  produced,  under  these  circumstances,  by  suddenly  changing 
the  external  conditions;  but,  when  the  animal  temperature  is  raised  by  a  modificaSoS 
be  ZaZT     ""^'i      I>^-<^oesses,  as  in  prolonged  muscular  effort,  these  changes  cannot 
nrnll  ?V''r         ''''^  '  «"PP^-<'««io°  of  the  compensative  action  of  the  skin  is  apt  to 
produce  disturbances  in  nutrition,  very  often  resulting  in  inflammations. 
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OHAPTEE  XVI. 

MOVEMENTS-VOICE  AND  SPEECH. 

u,      ^  f.T,.„   Ciliarv  movements-MovcmentB  due  to  elasticity-Varieties  of  elastic  tlBBue- 
AmorphouB  contractile  ^''^''^^^"^-^^^'''J  '^^Z  of  the  iiivol.mtary  nmscles-Modo  of  contraction  of  the  Invol- 
Muscular  -°v-ents-Phys  o  o^c      n^^^^^^^  ^,„eleB-Fibrons  and  adipose  tissue  in  tl,.- 

ui,tary  nmscular  t'««^'°-'^'^f ^  °f '  Blood-YesselB  and  lymphatics  of  the  muscular  tlBSue-Connection  o. 
voluntary  --'"f^-^"""^,^";:  oZTc!  compo  iUon  of  t^  muscles-PUyBiological  properties  of  tbe  mus- 
the  muscles  with  the  contraction-Changes  in  the  form  of  the  muscular 

cles-Museular  of  prolonged  muscular  eontraction- 

flbres  during  "eslMuBC^^^     effort-Passive  organs  of  locomotion-Physiological 

Tetanus-Eleetrie  phenomena  m  the  musele^  M 

anatomy  of  the  hones-Marrow  of  t^^^^^^^tT^^^^  „f  the  physiological  anatomy  of  the  Toeal  organs- 

of  cartilagc-Fibro-eartilage-Voice  J^^f  ^'^.p.oduction  of  the  voiee-Appearance  of  the  glottis 

Vocal  chords-Muscles     ^bo  larynx-Mechamsm  of  the  p  ^  the  quality  of  the 

during  ordinary  reBpiratlon-Movement    o    the  glott  s  du    g  p  ^^^^^  chords-Action  of  the 

;:;!^srmtrs  Jtl"  or         of  the  aecessor^y  vocal  organs-Mechanism  of  the  d.ffer- 

ent  vocal  registers-Mechanism  of  speech. 

^        frniptions  of  animals  involve  certain  movements;  and 
The  organic  or  ^'^'''''^'^^'''if^^^^^  of  locomotion.    Very  many  of  these 
almost  all  animals  possess  m 

„,ovements  have,  of  necesstty  ^^'^^.^"f     ^'^^^^^^^^^^^^  of  the  mnscles  in  respi- 

as  the  action  of  the  heart  and  vessd  ^1^^^^^^'^' L.u^^^  acts  in  deglutition,  the 
ration,  the  ciliary  movement  m  ^^l^^'^^''^^^^^^^,^,^  and  urination.  There  remain, 
peristaltic  movements,  and  the  ™f  ^^^^^^'^  "^^'^""^^^^  of  movement  and  the  mode 
Lwever,  certain  ^-^^^-^ '^^'^^^''^ 'f^^^^^  demand  more  or  less 

of  action  of  the  different  vanettes  «f  "^"^^^^^^j^^.  '^^^^^^  complex  acts  concerned 

extended  — tio-    As  r^^^^^^^^^^  ^ 

-  -rl— S^^e  r^eS^S^r as  well  'as  the  structure  and  rela- 
tions  of  these  parts. 

lowest  orders  of  beings,  in  ^^^^^^^^'^^^^^ '^^^^^^^^  of  elongation  and  retrac- 
ules  can  be  recognized  by  the  microscope,  certam  ^^'^^^^^^^^^  J^,^^,,  have  been 

observed.  In  the  higher  animals,  similar 
movements  have  been  noticed  in  certam  ot 
their  structures,  such  as  the  leucocytes,  the 
contents  of  the  ovum,  epithehal  cells,  and 
connective-tissue  cells.  These  movements 
are  generally  simple  changes  m  the  form 
of  the  cell,  nucleus,  or  whatever  it  maybe 
They  are  supposed  to  depend  upon  an  organic 
principle  caUed  sarcode  or  protoplasm ;  but 
(Longct.)  it  is  not  known  that  such  J^J-^^.^f  ^jf^J 

characteristic  of  any  oue_  definite  P^^^^^^^;;;^^^^^^  animals 
cause  and  their  physiological  importance.  f  ^  ^j'^'^  ,  ,lo^  and  gradual,  even 
of  the  higher  classes,  the  sarcodic  -°--  "ffJ/o^he  very  lowest  orders  of 
when  viewed  with  high  magnifying  powers ;  '  "^^  ^^^^^^^^^^^  ,,e  more  rapid.  Such 
beings,  these  movements  serve  as  the  means  of  progression 

movements  are  sometimes  caUed  amoeboid.  knowledge,  to  explain  the 

It  does  not  seem  possible,  in  the  present  condition  ot 


tTti  ^^l^-Ama^ba  diffluens,  changing  in  form  and, 
^^'"■r^^intTuZdifUon  indicated  by  the  arrow. 

(Longet.) 
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nature  and  cause  of  the  movements  of  homogeneous  contractile  substance ;  and  it  must 
be  excessively  difficult,  if  not  impossible,  to  observe  directly  the  effects  of  different  stim- 
uli, in  the  manner  in  which  we  study  the  movements  of  muscles.  As  far  as  we  can 
judge,  they  are  analogous  to  the  ciliary  movements,  the  cause  of  which  is  equally  obscure. 

Ciliary  Movements. — The  epithelium  covering  certain  of  the  mucous  membranes  is  pro- 
vided with  little  hair-like  processes  upon  the  free  portion  of  the  cells,  called  cilia.  These 
are  in  constant  motion,  from  the  beginning  to  the  end  of  life,  and  they  produce  currents 
upon  the  surfaces  of  tho  membranes  to  which  they  are  attached,  the  direction  being  gener- 
ally from  within  outward.  In  many  of  the  infusoria,  the  ciliary  motion  serves  as  a  means 
of  progression,  effects  the  introduction  of  nutriment  into  the  alimentary  canal,  and,  indeed 
is  almost  the  sole  agent  in  the  performance  of  the  functions  involving  movement.  Even 
in  higher  classes,  as  the  moUusca,  the  movements  of  the  cilia  are  of  great  importance. 
In  man  and  in  the  warm-blooded  animals  generally,  the  ciliated  or  vibratile  epithelium  is 
of  the  variety  called  columnar,  conoidal,  or  prismoidal.  The  cUia  are  attached  to  the 
thick  ends  of  the  cells,  and  they  form  on  the  surface  of  the  membrane  a  continuous  sheet 
of  vibrating  processes. 

It  is  unnecessary  to  describe  in  detail  the  size  and  form  of  the  cells  provided  with 
cilia,  as  their  variations  in  different  situations  have  been  and  will  be  considered  in  con- 
nection with  the  physiological  anatomy  of  different  parts.  In  general  structure,  the  ciUary 
processes  are  entirely  homogeneous,  and  they  gradually  taper  from  their  attachment  to 
the  cell  to  an  extremity  of  excessive  tenuity.  Although  anatomists,  from  time  to  time 
have  described  strisB  at  the  bases  of  the  cilia  and  have  attempted  to  explain  their  mo- 
tion by  a  kind  of  muscular  action,  no  weU-defined  structure  has  ever  been  actually 
demonstrated  in  their  substance. 

The  presence  of  cilia  has  been  demonstrated  upon  the  following  surfaces :  The  respira- 
tory passages,  including  the  nasal  fossro,  the  pituitary  membrane,  the  summit  of  the  ' 
larynx,  the  bronchial  tubes,  the  superior  surface  of  the  velum  palati,  and  the  Eustachian 
tubes ;  the  smuses  about  the  head ;  the  lachrymal  sac  and  the  internal  surface  of  the 
eyelids;  the  genital  passages  of  the  female,  from  the  middle  of  the  neck  of  the  uterus 
to  the  extremities  of  the  Fallopian  tubes ;  and  the  ventricles  of  the  brain  They  prob- 
ably exist,  also,  at  the  neck  of  the  capsule  of  Milller,  in  the  cortical  substance  of  the  kid- 
ney. In  these  situations,  to  each  cell  of 
conoidal  epithelium  are  attached  from  six  to 
twelve  prolongations,  about  of  an  inch 

in  thickness  at  their  base,  and  from  to 
juVii  of  an  inch  in  length.  The  appearance 
of  the  cilia  in  detached  cells  is  represented 
in  Fig.  14T.  "When  seen  in  situ,  they  ap- 
pear regularly  disposed  upon  the  surface,  are 
of  nearly  equal  length,  and  are  generally 
slightly  inclined  in  the  direction  of  the  open- 
ing of  the  cavity  Imed  by  the  membrane. 

The  ciliary  motion  is  one  of  the  most 
beautiful  physiological  demonstrations  that 
can  be  made  with  the  microscope.  By  scrap- 
ing the  roof  of  the  mouth  of  a  living  frog, 
the  mucous  membranes  of  the  respiratory 
passages  in  a  warm-blooded  animal  just 
killed,  the  beard  of  the  oyster  or  clam,  and 
placing  the  preparation,  moistened  with  a 

l.ttle  serum,  under  a  magnifying  power  of  about  two  hundred  and  fifty  diameters  the 
currents  produced  in  the  liquid  will  be  strikingly  exhibited.    The  movements  ma'yt 


Fio.  Ul.—Oiliated  epit/ieUum,  from  the  pituitaru 
membrane.  (Lo  J3on.) 
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studied  iu  detached  cells,  in  the  human  subject,  hy  introducing  a  feather  into  the  nose^  by 
which  a  few  cells  may  be  removed  with  "^^^^ 

This  demonstration  serves  to  ^l^  ^^  ZT:^^^^^^^^  a  large  number  of  cell, 
the  lower  orders  of  animals.  ^'^^^.^^'^J  .„^,^^  ^„  tl^,  comparison  of  Ilenle  to 
in  situ,  the  appearance  is  very  f  "'^f  J^^^'''^^^  this  movement, 

the  undulations  of  a  field  of  wheat  agitated  ^'f.  ^^^^f^,  ^^^^g^.^t  ."peered  simply  as 
it  is  usually  seen  to  gradually  diminish  m  rapidity  ^^^^^^.^^^^^^^^^J  ^^,3  repealed  as 
a  current,  produced  by  ^TtCa^ ^ind^^^^^^^^^^^ 

distinct  undulations,  in  which  ^^J'^*^^^^^^^^^  a  bending  of  the 

oral  kinds  of  ^°^';^'''\^IIIXTJo^^^^^^^  one  direction,  followed  by  an  undulating 
ciha,  "    ' °V  ,W    Ti  e  oth  r  movements,  such  as  the  iufundibuliform,  in 

;S  I  :irr"a  circl:  rnd  the  base,  ^he  pendulum-movement,  etc.,  are 

they  do  in  one  direction,  is  to  f  ^^^^^^  ™f  ^^^^^^ 

niuLated  nnder  «'^.;;oro-p^^^^^^^^^^^^  -^^J  ^^^^  ,  . 

particles  m  suspension.    In  this  case,  tne  g  measure  in  this 

field  to  another,  with  coBsiderable  force.  It^^s  -ot  ^^^fXeen  estimated  at  from  ^ 
way  the  rapidity  of  ^^^^^^^^l'^^  o^vfbrame'movements  being  from  seventy-five 
to  ^  of  an  mch  per  second,  the  ^'^^J  ,^  Jl"^  v.^^^,,  1  p  the  movements  are  more 
to  one  hundred  and  fifty  per  ^--^f  J^^X^  J^^^^^^^^  There  is  no  reli- 

rSl^o/J^X  ^  in  man^but  they  are  probably  more 

St  observed  in  f^^ 

to  be  entirely  independent  of  nervous  ^^^^^^^^^  Zre  lhan  twenty- 

conditions.  They  will  continue,  under  f^7°^'^^,\^;"°;2llX^^  from  the  body  when 
four  hours  after  death  and  can      -en  m  ceUs  en^^^^^^^  ^.^^  ^^^^.^  ^^^^^.^ 

they  are  moistened  with  proper  fluids.    Wh^^^^^^^^^  disappears  as  the  cells 

the  activity  of  the  movement  is  at  first       eased    D  ^^^^^^  ^^^^.^^ 

become  swollen.    Acids  arrest  the  '-{^^  '  retard  or  to  abridge  the 

solutions.  All  abnormal  conditions  ^^^^Jf^^'J^t  movement  is  becoming  feeble, 
duration  of  the  cUiary  motion  It  is  t'*'^.^.  ^^^^Vsolulns,  but  the  ordinary  stimuli, 
it  may  be  temporarily  restored  by  very  ^il^*;  I^e  without  effect.   Purkinje  and 

system,  and  there  seems  to  be      P^^^^^^  f/J^^^^  in  a  certain  way  so  long 

statement  of  the  fact  that  the  ciha  ^'^^^  *^;jX2e  pCsiological  nses  of  these  move- 
as  they  are  under  normal  condition.    As  leg^ds  tbe  phy  ^^^^g^  ^^^.^^  ^.^.^  ,,,,, 

ments,  it  is  sufficient  to  refer  to  the  P^y^;°^<^^^^^^^^  ^/^^  detail.  In  the  lungs  and 
where  the  peculiarities  of  therr  are  c^f^^^^^^^^^  S X  female,  the  currents  are  of 

the  air-passages  generally  and  m  he  gemta  V^^^^^'^'  '  movements  in 

considerable  importance;  but  it  is  .'i;^;^^; 
certain  other  situations,  as  the  ventricles  of  the  biam. 

Movements  due  to  ^l-^t^'^^'y-^^^:^^^^^^  oTlXlnerThtVLfentl'el^^ 
that  are  due  simply  to  the  action  of  elastic  1^^^^;^*;  ,l,33ed  with  the  movements 

distinct  from  muscular  movements,  and  are  not  even  to 
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produced  by  the  resiliency  of  muscular  tissue,  in  which  that  curious  property,  called 
muscular  tonicity,  is  more  or  less  involved.  Movements  of  this  kind  are  never  excited 
by  nervous,  galvanic,  or  other  stimulus,  but  they  consist  simply  in  the  return  of  movable 
parts  to  a  certain  position  after  they  have  been  displaced  by  muscular  action,  and  the 
reaction  of  tubes  after  forcible  distention,  as  in  the  walls  of  the  large  arteries. 

Elastic  Tissue. — Most  writers  of  the  present  day  adopt  the  division  of  the  elements  of 
clastic  tissue  into  three  varieties.  This  division  relates  to  the  size  of  the  fibres ;  and  all 
varieties  are  found  to  possess  essentially  the  same  chemical  composition  and  general 
properties,  including  the  elasticity  for  which  they  are  so  remarkable.  On  account  of  the 
yellow  color  of  this  tissue,  presenting,  as  it  does,  a  strong  contrast  to  the  white,  glisten- 
ing appearance  of  the  inelastic  fibres,  it  is  frequently  called  the  yellow  elastic  tissue. 

The  first  variety  of  elastic  tissue  is  composed  of  small  fibres,  generally  intermingled 
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Fig.         Small  elastic  fibres,  from  the  peritoneum  ; 
magnified  850  diameters.  (Kolliker.) 


Fig.  li^.— Larger  elastic  fibres.  (Eobin.) 


with  fibres  of  the  ordinary  inelastic  tissue.  These  are  sometimes  called,  by  the  Prencli, 
dartoic  fibres.  They  possess  all  the  chemical  and  physical  characters  of  the  larger  fibres' 
but  are  excessively  minute,  measuring  from  to         or  ^  of  an  inch  in  diameter! 

If  we  add  acetic  acid  to  a  preparation  of  ordinary  connective  tissue,  the  inelastic  fibres 
are  rendered  semitransparent,  but  the  elastic  fibres  are  unaflTected  and  become  very  dis- 
tinct. They  are  then  seen  isolated,  that  is,  never  arranged  in  bundles,  generally  with  a 
dark,  double  contour,  branching,  brittle,  and  when  broken,  their  extremities  curled  and 
presenting  a  sharp  fracture,  like  a  piece  of  India-rubber.  These  fibres  pursue  a  wavy 
course  between  the  bundles  of  inelastic  fibres  in  the  areolar  tissue  and  in  most  of  the  ordi- 
nary fibrous  membranes,  and  here  they  exist  as  an  accessory  anatomical  element.  They 
are  found  in  greater  or  less  abundance  in  the  situations  just  mentioned ;  also,  in  the  liga- 
ments (but  not  the  tendons)  ;  in  the  layers  of  involuntary  muscular  tissue  ;  the  true  skin ; 
the  true  vocal  cords ;  the  trachea,  bronchial  tubes,  and  largely  in  the  parenchyma  of  the 
lungs;  the  external  layer  of  the  large  arteries;  and,  in  brief,  in  nearly  all  situations  in 
which  the  ordinary  connective  tissue  exists. 

The  second  variety  of  elastic  tissue  is  composed  of  fibres,  larger  than  the  first,  ribbon- 
shaped,  with  well-defined  outlines,  anastomosing,  undulating  or  curved  in  the  form  of  the 
letter  S,  presenting  the  same  curled  ends  and  sharp  fracture  as  the  smaller  fibres.  These 
measure  from  to  of  an  inch  in  diameter.  Their  type  is  found  in  the  ligamenta 
subflava  and  the  ligamentum  nuchro.  They  are  also  found  in  some  of  the  ligaments  of 
the  larynx,  the  stylo-hyoid  ligament,  and  the  suspensory  ligament  of  the  penis  The 
terra  and  arrangement  of  these  fibres  may  be  very  strikingly  demonstrated  by  tearing 
on  a  portion  of  the  ligamentum  nuchie  and  lacerating  it  with  needles  in  a  drop  of  acetic 
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acid.    The  action  of  the  acetic  acid  renders  the  accessory  structures  of  the  hgamen 
transparent,  and  the  elastic  fibres  become  very  distinct.    The  same  may  be  accomplished 
by  boiling  the  tissue  for  a  short  time  in  caustic  soda.  ,.^„n,.y„.« 
The  third  variety  of  elastic  tissue  can  hardly  he  said  to  consist  of  fibres  as  their  branches 

are  s^s liort  and  their  anastomoses  so  frequent.  This  kind  of  structure  is  found  forming 
aie  so  shoit  ^^^^  ^.^^^^  ^^^^     ^^^^  ^^^^^  ^^.^^^.^^^  d,. 

scribed  in  connection  with  the  vascular  system.  The  fibres  are 
very  large,  flat,  with  numerous  short  branches,  "  which  unite 
again  with  the  trunk  from  which  they  originate  or  with  adja- 
cent fibres.  In  certain  situations,  the  interstices  are  considera- 
ble, in  proportion  to  the  diameter  of  the  fibres,  and  the  anasto- 
mosing branches  are  given  off  at  acute  angles,  so  that  they 
follow  pretty  closely  the  direction  of  the  trunks,  and  the  anas- 
:     ::(;,,,  ri      tomosesdonotdisturh  the  longitudinal  direction  and  parallelism 


of  the  fibres.  Indeed,  the  anastomoses  are  so  numerous,  and  the 
Yia.m.-/MmeiaxUo fibres  ■  ,  ^Is  SO  small,  proportionally  to  the  fibres,  that  we  should 
>^rr/lc?rS^^  thieve  we  had  uiider  observation  a  reticulated  membrane,  pre- 
Z;^^^a:::S:^i  sentmg  openings,  rounded  and  oval,  some  large  and  others 
(Kouiker.)  ^^^^^  „    (-Henlc )    These  anastomosing  fibres,  forming  tne  so- 

called  fenestrated  membranes,"  are  arranged  in  layers,  and  the  structure  is  sometimes 

''^t^Hr^:^^'^^^^^^  tissue  presents  to  chemical  action  serves  to 
distlguirftf::m  nearly  every  other  structure  in  the  body  ^^^^--^-^VsTtened 
it  is  not  afi-ected  by  acetic  acid  or  by  boiling  with  caustic  soda.    It  is  not  soltened 

are  important  in  aiding  to  maintain  the  erect  V'^^^'^'^f'^  ;!^^^  contraction 

this  position  when  flexion  has  been  produced  by 

of  muscles  is  also  necessary  to  keep  the  body  m  a  vertical  position. 


Muscular  Movements. 
scale  of  animal  life,  we  have  the  "'/JJ,^^^^^^^^^  have  heen  observed. 

The  muscular  movements  capable  of  being  e^^iteu  oy  s         ^^.^.^     ^ding  division 
divided  into  voluntary  and  involuntary;  -f^^^^'^^l^Zl^^^^^^ 
of  the  muscles  as  regards  their  minute  J^^^^^^f^^^^^^^^^         or  the  movements 

for  there  are  certain  involuntary  functions,  l^l^<;^he  act  on  «^  ^,l„„tary 

of  deglutition,  that  require  tl^«  -P^^^'^^  ructure  c^  -^^^^^^^^  of  the  involuntary 
muscular  tissue,  and  here  we  do  not  find  of  the  muscular  tissue 

muscles.  TVith  a  few  exceptions,  however  the  anatomical 
into  voluntary  and  involuntary  is  sufficiently  distmct. 
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Physiological  Anatomy  of  the  Involuntary  Muscles. — We  have  so  often  described  this 
tissue,  as  it  is  found  in  the  vascular  system,  the  digestive  organs,  the  sitin,  and  in  other 
situations,  that  it  will  not  be  necessary,  in  this  connection,  to  give  more  than  a  sketch 
of  its  structure  and  mode  of  action. 

The  mvoluntary  muscular  system  presents  a  striking  contrast  to  the  voluntary  mus- 
cles, not  only  in  its  minute  anatomy  and  mode  of  action,  but  in  the  arrangement  of  its 
fibres.  While  the  voluntary  muscles  are  almost  invariably  attached  by  their  two  extrem- 
ities to  movable  parts,  the  involuntary  muscles  form  sheets  or  membranes  in  the  walls  of 
hollow  organs,  and,  by  their  contraction,  they  simply  modify  the  capacity  of  the  cavities 
which  they  enclose.  Various  names  have  been  given  to  this  tissue  to  denote  its  distribu- 
tion, mode  of  action,  or  structure.  The  name  involuntary  muscle  indicates  that  its  contrac- 
tion is  not  under  the  control  of  the  will ;  and  this  is  the  fact,  these  muscles  being  chiefly 
animated  by  the  sympathetic  system  of  nerves,  whUe  the  voluntary  muscles  are  suppUed 
mainly  from  the  cerebro-spinal  system.  On  account  of  the  peculiar  structure  of  these 
fibres,  they  have  been  called  muscular  fibre-cejls,  smooth  muscular  fibres,  pale  fibres, 
non-striated  fibres,  fusiform  fibres,  and  contractile  cells.  The  distribution  of  these  fibres 
to  parts  concerned  in  the  organic  or  vegetative  functions,  as  the  alimentary  canal,  has 
given  them  the  name  of  organic  muscular  fibres,  or  fibres  of  organic,  or  vegetative  life. 
It  is  difficult  to  isolate  the  individual  fibres  of  this  tissue  in  microscopical  preparations; 
and,  when  seen  in  situ,  their  borders  are  faint,  and  we  can  make  out  their  arrangement 


1 1 


Fig.  i51.—3fi/soular  fibres  from 
the  uHnari/  Uadder  of  the 
'"'man  subject;  magnified 
m  diameters.  (Snppey.) 
1, 1,  nuclei ;  2,  2,  2,  borders  of 
some  of  the  fibres ;  3,  3,  iso- 
tated  fibres :  4,  4,  two  fibres 
joined  together  at  (5). 


Fig.  152. — Muscular  fibres  from 
the  aorta  of  the  calf;  magni- 
Aed  2U0  diameters.  (Sappey.) 

1,1,  fibres  joined  with  each  other ; 
2,  2,  2,  isolated  fibres. 


Fig.  153.— Mtiscularflires  from  the  uterus 
of  a  woman  mho  died  at  the  ninth 
month  of  utero-gestation ;  magnified 
350  diameters.  (Sappey.) 

1, 1,  2,  short,  wide  fibres ;  3,  4,  5,  5,  longer 
and  narrower  fibres;  6,  C,  two  fibres 
united  at  (T) ;  8,  small  fibres  in  process 
of  development. 


best  by  the  appearance  of  their  nuclei.  Eobin  recommends'soaking  of  the  tissue  for  a  few 

fiSL'l"  T^^T     T  ^^"\     "'■•^^""'■^         """^'^  °^  This  renders  the 

becom.     r^'"?  ^-'T      "^^^^^  ^^'•^  ''''^  frequently  some  of  them 

tion  l  'm"  ^"T  In  their  natural  condi" 

^V\^S^-i^TZ^  excessively  pale,  very  finely  granular,  flattened,  and  of  an  elongated 

cllu,  1'        T       ''''^  centre.    The  nu- 

cleus generally  has  no  nucleolus,  and  it  is  sometunes  curved  or  shaped  like  the  le  ter  S 
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The  ordinary  length  of  these  fibres  is  about  a,,  <^^^         ^"'^'^^^  "^^"^^  f"" 

rr;:^a™L„. ...        ..P.-rj. — 

to  A  of  an  inch  .n  ^'f^^'^^J^jlZr^^lZr  Z,...^^ 

struclnro  m  the  »  "»V  ^.t-mlLt  iOTOUm  mn.cnlar  ti»ue,  tto  fibre,  are  arrane.J 

■a  t'lrat^c;""."^^^^^  T" 

Side  by  Side,  aio  closely  aau  wo   ,  extremities  are  simple; 

other.    Genera  ly  one  or  more  little  projection., 

but  sometimes  the  ends  are  io^k^d  and  ^''^  l^oiciei s  p  ^^^^^^^  ^^^^ 

riTetic^ariltrrrderthefibres  pale,  ^i^^^tTarar^^^^^^^^^ 
guishable,       to  in^ng  out  the  nue  .^^^^^^  Jl^  ^ng  out  the  long,  nar- 

iot  TdVur      n  If  ™ged1nt^^^^^^  order,  and  by  rendering  the  fibrous  and  other 
strXes  more  transparent,  liU  often  enable  us  to  recogmze  .ts  character. 

involuntary  muscles  is  peculiar.    It  ^^'l^^^' l^'lf^^^^^^^^  enduring  for 

of  a  stimulus,  applied  either  directly  or  ""Y]^^ '^^"^"^'^^^^^^  of  the  peristaltic 
a  time  and  then  followed  by  slow  and  gradua  - W  on    A  doseni  V  ^^^^^ 

naovements  of  the  intestines  gives  a  VJ^^^  ^^^^^  ''^^^Z  alimentary  canal,  as  the 
fibres,  with  the  gradiial  propagation  of  the  stimulus  aio  fc  y^j^^  illustration 

food  makes  its  impression  upon  the  --^/^  ;^^tr     nt   ctions  of  the  uterus, 

is  afforded  by  labor-pains.  These  are  due  H^^^^^^X  gradual  access,  continua- 
t:^^^.  e^U  with  the  .story  of 

-r^^^^r=r"--s« 

slowly  to  a  condition  of  repose.  ^1-  -oveme^^^^^^^^^ 

action  is  the  rule,  and  the  contraction  akes  p  ace  progrcBsi  y  ^^_^^  _^  ^^^^^^^  ^.^^^^ 
Contractility  persists  for  a  long  time  after  death     Arrest  ,etion.  Ex- 

or  no  atrophy,  and  hypertrophy  is  "^^^f/j^ *Un  of  ttiese  fib'es  than  direct  exci- 
citation  of  the  nerves  has  less  mfluence  ^^^^^'^^.^l^.^.^.i,^  very  rapidly,  while 

d^culty  after  destruction 

or  division.    (Legros  and  Onimus.)  tT,P  most 

highly  organized  and  is  possessed  of  ""^^ r^^l2u  ^\:^\^  substance,  fibres  of  inelastic  and 
It'contains,  in  addition  to  its  own  ^^t^^^^   and  1  mphatics,  with  certain 

elastic  tissue,  adipose  «Bsue,  numerous  blood^vessds  ne  ^^^^^^^^^^ 

nuclear  and  cellular  anatomical  ^l^-^^^;  a  large  proportion  of  the  repara- 

areatest  part  of  the  organism,  and  1*^/"*"*^°° i^hes  a  corresponding  quantity  of 

five  material  of  the  blood,  while  '^'^^.^^^J^Z^^X^^--^^  -'l-^'  ^  " 
excrementitious  matter,    ^be  condition  of  the  musc^^^^         .  pecuharities  in 

failing  evidence  of  the  general  state  of  the  ^^^^y,  ailowmg,  ^^^^^^^^^^^ 
S-ent  individuals.  Among  the  '^l^^^^^^^TZT^^^l,  the  power  of  contract- 
a  constant  and  insensible  tendency  °f  ^^^^^^s  ca^ed  irritability,  a  peculiar  kmd  of 
ing  forcibly  on  the  reception  of  a  proper  «"f'  ^^^.^^^s.  The  relations  of  particular 
sensibility,  and  the  faculty  ^^^^^^^^^^vX  sp  <^^^  factions ;  but  the  most  in^r- 
muscles,  as  taught  by  descriptive  anatorny  '^^^^'^  to  the  general  propei  tie 

esting  physiological  points  connected  with  t^^^^^^^^^         prefaced  with  a  sketch  of  their 
and  functions  of  the  muscles,  and  must  neccssai.ly  V 


general  anatomy. 
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It  has  been  demonstrated  by  minute  dissection  that  all  of  the  red,  or  voluntary  mus- 
cles are  made  up  of  a  great  number  of  microscopic  fibres,  known  as  the  primitive  muscular 
fasciculi.  These  are  called  red,  striated,  or  vohmtary  fibres,  or  the  fibres  of  animal  life. 
Their  structure  is  complex,  and  they  may  be  subdivided  longitudinally  into  fibrillce,  and 
transversely  into  disks,  so  that  it  is  somewhat  doubtful  as  to  what  is,  strictly  speaking, 
the  ultimate  anatomical  element  of  the  muscular  tissue. 

A  primitive  muscular  fasciculus  runs  the  entire  length  of  the  muscle,  and  is  enclosed 
in  its  own  sheath,  without  branching  or  inosculation.  This  sheath  contains  the  true 
muscular  substance  only,  and  it  is  not  penetrated  by  blood-vessels,  nerves,  or  lymphatics. 
If  we  examine  with  the  microscope  a  thin,  transverse  section  of  a  muscle,  the  divided  ends 
of  the  fibres  will  present  an  irregularly  polygonal  form,  with  rounded  corners.  They 
seem  to  be  cylindrical,  however,  when  viewed  in  their  length  and  isolated.  Their  color 
by  transmitted  light  is  a  delicate  amber,  resembling  somewhat  the  color  of  the  blood- 
corpuscles. 


Fig.  m.-SlHated  mmoularMres. from  the  movse;  magnified  500  diwmetera.   (From  a  photograph  taken  at 

the  United  States  Army  IMedlcal  Museum.) 
The  injected  capillaries  are  seen,  somewhat  out  of  focus. 

_  The  primitive  fasciculi  vary  very  much  in  size  in  different  individuals,  in  the  same 
individual  under  different  conditions,  and  in  diff'erent  muscles.  As  a  rule,  they  are  smaller 
'n  young  persons  and  in  females  than  in  adult  males.  They  are  comparatively  small  in 
persons  of  slight  muscular  development.  In  persons  of  great  muscular  vigor,  or  when 
be  general  muscular  system  or  particular  muscles  have  been  increased  in  size  and  power 
oy  exercise,  the  fasciculi  are  relatively  larger.    It  is  probable  that  the  physiological 

Ixi  f- '°  ^"'"'"''^     ^""^     "°  ^°°»-ease  in  the  size  of  the  pre- 

existing fasciculi,  and  not  to  the  formation  of  any  new  elements.    In  young  persons  the 
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fasciculi  are  from  ^Votj  to        of  an  inch  in  diameter 


In  tlie  adult,  they  measure  from 

U    "  "     4  C  U  u 

'\*Ll^pl^°nce  Of  the  primitive  muscular  fasciculi  under  the  microscope  is  character- 
ilie  appearance  01  ine  i  transverse  strice,  formed  ot  alternatmg  dark 

tic  and  unmistakabl      ^^^-^^  J! ^^^^  ^.^^^^^ 

and  clear  bands  about  ^  "^^^^  "^X,,,.,,  longitudinal  stria3,  not  so  distinct,  and  quite 
r^ot  tra^relnH?  Ltngth  of  the  fasciculus,  hut  tolerably  well  marked, 

s;t:i-- ^  — jt^^^  t^tt  ir:::; 

^'Ztlce  as  the  elastic  tissue.    This  envelope  cannot  be  seen  >n 

sr/e; = ^^^^^ 

the  inner  surface  of  the  saicolemma  are  n  ^j-e  usually  not  well  seen  in  the 

destroys  the  stri.,  when  the  --^'%';^ZZ^S ^^el^^^^^^^^^     the  fasciculi  somewhat 
Water,  after  a  -ts jon  the  g^^  ^^^^^ 

paler  and  larger.    Acetic  acid  and  alka  'ne  so  ^^^^  there  is  frequently  a 

become  semitransparent.    In  fasciculi  that  ^^/T  fiWilte.    These,  when 

separation  at  the  extremity  into  numerous  ^"^^'^  ^j^^  f^.^^^^^^  alternate 
isolated,  present  the  same  striated  appearance  as  the  Py-^^^/f  ^^,ter,' and  their 
dark  and  light  portions.  _  They  at  about  two  thousand, 

number,  in  the  largest  primitive  fibres  is  ^'^^^^^^      appearance  of  alternate  dark  and 
The  structure  of  the  fibrill.  is  P™^^^^  ^^^^^^^'^XT^^^^^^^ 
Hght  segments  being  due  to  — s  ^^^'^^       .triee  to  disappear, 
by  its  simple  mechanical  ^    .^^^-^^  of  each  primitive  fasciculus  is  pene- 

Late  researches  have  shown  that  the  i^itenor  oi       J  This 

trated  by  an  excessively  delicate  ^^^^^^  seen  in  a 

thin  section  of  a  fibre  treated  with  a  solu- 
tion of  salt  in  water  in  the  proportion  of 
five  parts  per  thousand.  The  arrangement 
of  this  membrane,  which  is  nothmg  more 
nor  less  than  a  series  of  tubular  sheaths 
for  the  fibrillffl,  is  a  strong  argument  in 
favor  of  the  view  that  the  fibrilla  is  the  ana- 
tomical element  of  the  muscular  tissue 

When  we  come  to  the  question  ot  tlie 
real  anatomical  element  of  the  muscular  tis- 
sue, there  are  only  two  reasonah  e  views 
that  present  themselves.  One  is  that  any 
subdivision  of  the  primitive  fasciculus  is  arti- 
ficial, and  that  it,  with  its  investing  mem- 
bran;,  the  sarcolemma,  is  the  true  element 

.  ,  An  argument  in  favor  of  this  OPJ^^  ^ 

i.,o  i,6.-roiuntr,rn  ,m..scuiar  Jit^res ;  magnified   the  tissue  is  most  readUy  separated  n^^t^o  u 
cUa,neters.  (Sappey.)  ,   enclosed  in  its  own  membrane 

at  one  poi.t  by  pressure.  ^^"".^     vil'iji  dated.    The  other  opinion, 

in  a  reticulum  of  canals,  from  which  ^^^^ista'cd  u^^^^^  fact  that  these  little  fibres 
that  the  fibrilte  are  the  ultimate  elements,  is  based  up 
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present  the  strise  and  all  the  anatomical  characteristics  of  the  primitive  fasciculi  and  that 
by  far  the  most  natural  and  easy  mode  of  separation  of  these  fasciculi  is  in  a  lonci 
tudmal  direction.    The  question  of  adopting  one  or  the  other  of  these  views  is  not  of 
very  great  physiological  importance. 

Fihroiis  and  Adipose  Tissue  in  tlie  Voluntary  Muscles.— structure  of  the  mus 
cles  strikingly  illustrates  the  relations  between  the  principal  and  the  accessory  anatomi- 
ca  elements  of  tissues.  The  characteristic,  or  principal  element  is,  of  course,  the  mus- 
cular fibre  or  fibrilla ;  but  we  also  find  in  the  substance  of  the  muscles  certain  anatomi- 
cal elements,  not  peculiar  to  the  muscles,  and  merely  accessory  in  their  function  but 
none  the  less  necessary  to  their  proper  constitution.  For  example,  every  muscle  is  com- 
posed of  a  number  of  primitive  fasciculi ;  but  these  are  gathered  into  secondary  bundles 
which  in  turn  are  coUected  into  bundles  of  greater  and  greater  size,  until,  finally,  the 

1±         V'r'  kT?  V^^^t^^^^^^  by  a  fibrous  connective  sub- 

stance. We  find,  probably,  in  the  muscles,  the  best  iUustration  of  the  structui-e  of  what 
13  known  as  the  connective  tissue. 

Connecti;ce  Tissue.-W^  have  already  had  occasion  to  refer  to  certain  of  the  elements 
of  connective  tissue  more  especially  the  inelastic  and  elastic  fibres.    In  this  connection 
we  shall  treat  specially  of  the  connective  tissue  of  the  muscles  ;  but  our  descrTpt^n  "m 
answer  for  ahnost  all  situations  in  which  fibrous  tissue  exists  merely  for  the  puiiose  of 
holding  parts  together.    In  the  muscles,  we  have  a  membrane  holding  a  number  of  the 
primitive  fasciculi  into  secondary  bundles.     This  is  known  as  the  perimydum  The 
fibrous  membranes  that  connect  together  these  secondary  bundles  with  the  rTontents 
are_  enclosed  in  a  sheath  enveloping  the  whole  muscle,  sometimes  caUed  th  xSrna 
perimysium.    The  peculiarity  of  these  membranes,  and  their  distinction  from  h 
CO  emma,  are  that  they  have  a  fibrous  structure  and  are  comiected  together  th  oughout  the 
muscle,  whde  the  tubes  forming  the  sarcolemma  are  structureless,'and  each  oneTs  dt 


Tig.  V>^.-Fihres  of  tendon  of  the  hvman  mjyecl.  (EoUott.) 

tive^uiritTsCXdSn'"*''  ?  ^^'^^^^  --'deration  is  connec- 

given  to  it  without  a  cleafi  l/      r'  T"^"'  ^^''''''^       """^^      '^^'^  ^^^^^  were 

fibre  of  ezcrsSe  al^oS  L           m  ^''""'^'^  anatomical  element  is  a 

fibres  are  coTne;t edTtVZ^^^^  ^^^^  '  ^hes 

adhesive  amornho.«        f         'nu  ^'"^  ''^'^'^  ^''^  ^^eld  together  bv  an 

.» -.™cti.„  „a  „™,.„™.  ^^^^^^^  ^^^^^ 
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,  1  fl.ft  skin  and  between  the  muscles,  and 

differences.  In  the  loose  areolar  tissue  ^«°f^\^*"\~nect>ng  the  sheaths  of 
in  the  loose  structure  surround.ng  some  ^^^^^^f'^^^j^^^^^ fibres  form  a  large  net- 
blood-vessels  and  nerves  to  the  adjacent  l-^-^^^^^'^^J^f/.^^.e  membranes,  as  the 
.vork  and  are  very  ^^^ij^^^^^^^^  and  perichondrium,  and 

aponeuroses,  the  proper  coats  of  "^^^y  S''^!'';  '       'shorter,  and  the  fibres  themselves 

,rM>sp»re„t,  and  tte  B»cM  and  el.st.c  "^l"^^       J  ZZue.t  variety,  aa.l 

Zl  »e  S  very  .mall.  th.J  always  pre«„>.  a  doubla  contour. 


Oert-lB  cllala.  a.d  a„cle.r  "'^^^^^  TX"- 

cell,  h.™  been  described  aader  Lr^^rrsh.ped  or  c.ad.te,  and  other, 

irregular  to  .ke  and  form,  some  "V'™ ^ „  .J,  dear,  ovoid  nacle,  w.th 
slaAhaped.    They  P»r»  d  the  cell,  disappear,  but  the  nude,  are 

distiuct  nucleoli.    On  the  addit.oB  ot  acetic  ac.a  t  enbrjo-plastic  ele- 

™  Lted.    These  are  the  '•'-P't^t Ty  accur^^^^^^  "<  "T  f  *  T 

-fof^SrAivsrrr 

.brS'tr  :rs  e,1S  r;rat.ro;tr;:.tit,  o,  adip..e  t,.sae  m  meshes 
the  fibrous  structure.  ^    .^^  blood-ves- 

sols,  generally  by  a  number  of  small  arteries  witu 
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arrangement  in  this  tissue  is  peculiar.  From  the  smallest  arterioles,  capillary  vessels  are 
given  off,  arranged  m  a  net-work  with  tolerably  regular,  oblong,  rectaiigular  me  hTs 

heir  long  diameter  loUowmg  the  direction  of  the  fibres.  These  envelop  each  pru^  Mv ' 
fasciculus,  enclosing  it  completely,  the  artery  and  vein  being  upon  the  same  siL  The 
capillanes  are  smaller  than  m  any  other  part  of  the  vascular  system.    When  distended 

^ist  - -  ^--^-^  -  -^^^ 

Min^J'  '?f''^°Sementof  the  lymphatics  in  the  muscles  has  never  been  definitely  ascer- 

Xemitie  rdS'thrhT"'  'r^?t"  """"'^'^^^^       large  vascular  trunks'of  the 
extremities  and  of  the  abdommal  and  thoracic  walls,  which,  it  would  appear  must  come 
from  the  substance  of  the  muscles;  but  they  have  never  been  trac  d  to  tl"  onTn 
Sappey  has  succeeded  in  injecting  lymphatics  upon  the  surface  of  le  of  the  W 
muscles,  but  he  has  not  been  able  to  follow  them  into  the  muscular  subsSnce.  ' 

primtI^mZ^ff'^"^'^  r..^.^.-It  is  now  generally  admitted  that  the 

StTrr^pZ^^^^  ^^^^^  ^--^^ 

_     _      I'    u      uepressions  m  tfie  bundles  of  fibres  composing  the  tendons  •  hnf 

Chemical  Composition  of  the  Muscles.— We  are  as  vet      h'ftl^         ■  ^  , 
exact  constitution  of  the  nitrogenized  constituentHf      ,    i    7,?  .  ^^-i^ainted  with  the 
the  nature  of  all  the  proximiTrLrief  Z?      f  that  we  cannot  appreciate 

most  important  of  these^s  Jsculin     Thtret^^^^^^^^^  ^  fT""'"' 

of  difference  in  its  behavior  to  rea^lt,  h  f  fibrm>  bit  it  presents  certain  points 

of  its  peculiar  propertSTs  that  f  f  l'   \    T  . "^'^      ''^"^^^  distinguished.  One 

- — which  co. 

musituttate  Slt^rnoTb^"'^"'  ^  ''^l  ^  '''''  '''''''  -Its  in  the 

titious  matters  ha";  also  been  ouM  rilfe  -feration.    Certain  excremen- 

eliminated  by  the  kidnl  exist  he°  1  ^.T  '  ^'"^'^^^  ^^^^''^^  ^^^'^ 
they  are  proLced  1'^^'™!;.^  ^^^t  as 

tain  inosite,  inosic  acid    LtTc  acid      J      T      I^'^  ^"^^'''^ 
the  muscui;r  fluid  iHh^ l  ly  Ik" lit  ^-f  ^  °'  ^^"^  ^urmg  life, 

itself,  during  contraction,  LVln  aSd  re^  Mon  tT  '  ^"^'^^^ 
after  moderate  exercise  as  weH  ^,  .1  1      muscular  jmce  is  alkaline  or  neutral 

to  undergo  excess"  eirciJe  ^^  T'''  '  '  '  ^^^'^^  -  -^l^ 

becomes  acid.  '  ""^^^^  '°  ^''^^t^'-  l^^^^tity,  and  the  reaction 

Physiological  Properties  of  the  Muscles 
bmtr„t.p„„|i„tij.7'™''  I.  Elasfdlr;  2.  Tonidt,;  8.  S»»i- 

•«««n  of  .pp„3i„,  ™„.r  ited  :l  J  r   h'  ">» 
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•  f  .      wPidit  and  of  resistance  to  contraction.    Their  contractility  or 

study  of  ordinary  descriptive  anatomy. 

.        7  o    Tho  true  muscular  substance  contained  in  the  sarcolemma  is 
ElasticUy  of  f^fl'^^^^^Z^^^       possess  a  certain  degree  of  elasticity,  this 
eminently  contractile;  and,  ^J^?"f  anatomical  elements.    The  interstitial 

property  is  most  f^^^^^fj^^^l^^^^^^^  of  elastic  fibres,  and,  as  we  have 

-  sarcolemma  tbat^ves  to  tbe 

— s  tbeir  —  PSwt:tt ^^^^^^^^  numerous  experiments  tbat  have 

It  is  unnecessaiy  ™  T^nuscles  There  is  a  certain  limit,  of  course,  to  their 
been  made  upon  the  '^f'^'l''!'^^^^^^  extension  that  is  foUowed  by  corn- 

perfect  elasticity  (-"^^^^^^^^  the  human  subject  without  dislocation 

plete  retraction),  and  this  ''^^ff  Vv  tlmt  the  gastrocnemius  muscle  of  a  frog,  detached 
if  parts.  It  has  been  found  by  Marey,  ^^^^  f  J^Jf^^l,  ^  ,  weight  of  a  little  more 
ftom  the  body,  can  be  extended  about  one-fift.eth  o  an  mch  y  ^^^^  g^^  ^^^^^^  ^^^^^^ 

than  three  hundred  grains.  This  weight  ^^^g^'^Jl^^^,^  ,,,,  .-as  extended  beyond 
the  limit  of  perfect  elasticity.    The  muscle  of  ^  ^  °g     °        J  l,,„d,ed  and  fifty 

the  possibility  of  complete  ^-^^f ^^^^J^'elli  inc-ased  their  extensibUity  and 
grains.  Marey  also  showed  f  ^^^^r  .1  tion  This  fact  has  an  apphcation  to  the 
diminished  their  power  of  ^f^equent  reti  actK,n^  ^^^^  ^^^^  ^^^^^^^^^  ^^^^^^^ 
physiological  action  of  muscles;  for  it  is  we        ^^^^^^  ^^^^^^^  ^^^^^  ^^^^  t^^e 

during  fatigue  after  excessive  exeition,  ana, 
more  than  ordinarily  extensible. 

a  constant  tendency  to  contract,  -^^^^^J^^^^.J    ,  a  «P--^^°°'  T't 

motor  nerves.  If,  for  example  a  -7.^^;^^;.^"^  .^^^f'^^  ^„,eles  of  one  side  of  the  face  be 
extremities  become  permanently  ^^t^'^^f/ 1/^'.^  /^^ibly  distort  the  features.  It  is  difli- 
paralyzed,  the  muscles  upon  the  opposite  ^^^^  ™  i3  due  to  reflex  action,  for 

to  explain  these  phenomena  by  ^J^^J^^^^^^  consequence  of  a  stunulus. 

there  is  no  evidence  that  the  co^^^f:'^^ ^f^^^^^vely  fatigued,  and  with  its  nervous 
All  that  we  can  say  is,  that  a  ^^^^^^^^^^  more  or  less  marked,  . 

connections  intact,  is  constantly  m  a      ^J/^^^^.tractile  tissues, 
and  that  this  is  an  inherent  property  of  aU  ot  tne  c 

sensibility  which  enables  us  to  -PPf^f^^^^^fwe  tread,  or  which,  by  their  weight  are 
ticity  of  substances  that  are  grasped,  on  which  we  t      ,  .^^^^  of  weight  and 

Jp  osed  to  the  exertion  of  ^^^^^^^Z^lJ  X^^^^  -'-P^^^^  "tn 
rILance  that  we  regulate  the  ^^^^^'^  ^^^^^  ^ts.  After  long-continued  exertion 
These  properties  refer  chiefly  to  simple  m^^^^^*^;^^"  It  is  difficult  to  separate 

It  ;prcLte  a  sense  of  fatigue  that  is  pecuhar^^^^  the  mu  sc^.^  ^  ^^^^.^ 

this  en^tirely  from  the  sense  of  nervous  exhaustion  bii^^^^^^  over-exertion,  it  seems  as 
Sine  ;  fo",  when  sulFering  from  the  fatigue  '^^J^^^,^,^^  they  are,  for  the  time, 
thougl  we  could  send  a  nervous  stimulus  to      "'^^^^^^^  of  muscular  and  ner- 

Se  To  respond.  When  we  come  0  c-^-  * ^  J.ely  distinct,  and  that  we| 
V0U9  irritability,  we  shall  see  that  the  e  two  F°P  the  other, 

may  exhaust  or  destroy  the  one  tetanic  contraction,  a  pecuhar  sensation 

When  the  muscles  are  thrown        ^^^^^  ;32;3  ^ade  upon  the  ordinary  sensitive 
is  produced,  entirely  different  from  painful  impiessio 
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nerves.  In  the  cramps  of  cholera,  tetanus,  or  the  convulsions  from  strychnine  tho<,« 
distressing  sensations  are  very  marked.  The  so-called  recurrent  sensibility  of  the  ante  dor 
roots  of  the  spinal  nerves  is  probably  due  in  pari  to  the  tetanic  contractions  produced  bv 
galvanizmg  these  hlanients.  This  question,  however,  will  be  taken  up  again  in  connection 
with  the  nervous  system.  "oui.i,uou 

If  the  muscles  possess  any  general  sensibility,  it  is  very  faint.    A  muscle  may  be 
lacerated  or  irritated  m  any  way  without  producing  actual  pain,  although  we  always  can 
apprecia  e  the  contraction  produced  by  irritants  and  the  sense  ^f  tension  when  the  mus 
cles  are  drawn  upon.  "^cu  ^uc  mus 


years  to  the  glands,  is  one  very  generally  used.  ■ 

By  irritability  we  understand  a  property  belonging  to  highly-organized  mrts  which 
enables  them  to  perform  certain  peculiar  and  characteristic^lLtifns  n  obedieneI  o  a 
niTT  T''  --i-d,  it  is  i^o^e  to  apply 

ifidafstruir  °?i::ne''*  '"'"'"^      vitalfunction,  so  called,  u^der  a'  laa'tull  ofan 
artmcial  stimulus.    The  nerves  receive  impressions  and  carry  a  stimulus  to  the  muscle, 
causing  them  to  contract.  This  property,  which  is  always  present  during  Hfe  unde'no^^^^^^^^ 

ZaZT;  \   "'r'  P"f*^      '  ''"^^^^  ^  -  -lied  ne  voust  taW^^^^^ 

It  ha  lately  been  shown  that  the  application  of  a  proper  stimulus  will  induce  sZttn  b; 
the  glands ;  and  Bernard  has  called  this  glandular  irritabilitv  rZn^rf-  ^o^.^^^ 
ulus  to  the  muscular  tissue  causes  the  fibres  tHLt  act    and  '^^^''T""- 

stand  by  this  definition  of  irritabilHy  is  manifl!ted  hv  f       ^   ^    ^'  "'"'^ 
=.  ^Tl^tmt^tSnii^ 

to  contractile  structure;  anf  to  ghndl^  '  ''''''''''''  ""'^^^  nerve-centres, 

dien^'crtn  '^;:i^::x<^T'  h  °  "-r^^  ^^^-^^^  <^^^- 

action  of  the  organ  sr^  s  cTn  t^^^^^  ^^^^  "^t-^l 

.  action  or  volition.    SiU  7130  0  nev.ous  influence  through  reflex 

For  example,  after  a  mus;ie  irbeenlf   1  '^"^  contractility. 

■  tion  of  the' most  poteTl  ga  .1 L  e.^^^^^^^^^^  ^P''^^" 
we  examine  such  a  muscle  with  fll  *°  '""'^"^^  contraction.    But,  when 

:  profoundly  affected  and  thT  ^i  ^^^^^^.^ope,  is  found  that  the  nutrition  has  become' 
^  inert  fatt/mttt  '  ^1  ^rS?'  t  ''"^  ^'^"Pl'--'^'  ^^^^  P^-T 

muscles  separated  from  the  body  and  ZtZ  ^  '  :T'"'  1'™^  '^^^^^'^  ^ 
agists  in  the  study  of  the  so-caM  in   /^^^  of  by  physiolo- 

^  already  seen  that  a  muse  e  deta S  from  I7v      V\  l^*^- 

and  probably  it  undergoes  some  of  fhl^       li^>ng  body  continues  for  a  time  to  respire, 
•  ism.   So  long  as  these TanT.?      !  '     d.sassimilation  observed  in  the  organ 

-ityofthefitTcontatm;^^^^^^^^^ 

Wooded  animals,  the  irritabilitHf  all'  ,t      !  ^''^  ^^ry  slow  in  the  cold- 

'leath.    We  have  repSedfy  Ll^^^^  T'''^'       ^  considerable  time  after 

■  <leath,  in  alligators  anTturtlL  "^     """"^^^  contractility,  several  days  after 

'e  Jt:t^n'a7e;\ti:1fter^'^^^^^^^^^  T^^^'  *°  -Pond  to 

--y  at  di..nSL:t;  r^:::sv^  • 
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•  1     f  +T,o  i.oprt  tlip  muscles  of  the  voluntary  sys- 
With  the  exception  of  the  rigLt  In  ot' instance  certain  of  the  voluntary 

i£;y^tJ::i^x:r^:^Syae.^^^^ 

tissue  and  of  the  motor  ^^l^'  j.tennine  with  regard  to  n.nscular  irritability 

One  of  the  most  important  questions  lo  ^   .^^^  from  the  nervous 

is  whether  it  be  a  property  f^'-'^^^^^^t^lTmo^^^^^  -gu^-"  contractions 

system.    The  fact  that  ™"^«l<^\X^Xoperati^^  ^'P^^  '^'^ 

by  stimulating  the  motor  nerves  '^'^^^J^^Zmm^^^onln  he  muscles,  have  led  to  the 
gJeat  difficulty  in  tracing  ^^^^ntnt^  influence,  and  consequently 

rstar  ti:i  -trine  bo.eve.^^^^^^^^^^      s— ^^^^^^  ^^^^^^^ 

The  experiments  of  Longet  P^^i  hed  m  i«    '  I  ^^,-,1  ^.^rve  and  tound 

of  the  independence  of  --^^^^^^^^^^^^^  antrStimulus,  or,  in  other  words,  lost 

that  it  ceased  to  respond  to  '^^^^^^^'''^i,  ""^^^^  however,  upon  the  muscles  supplied 
its  irritability,  after  the  fourth  J^f  '  ™^  "^^^^  that  they  responded  promptly  to 
exclusively  with  filaments  from  ^J^^^;^  ^^^^  ^^^.^^.^  to  contract,  under  stimu- 
,nechamcal  and  galvanic  7^*^^^^°"' '^^^^'^^^  ,  ^  experiments  it  was  shown  that, 

lation,  for  more  than  twelve  weeks  ^^^^^^^t  f  ^^i^^.i/i^fl^enced  through  the  ner- 
while  the  contractility  of  the  ^^^f^.^^^X  t  tbeir  nutrition.    When  the 

Ls  system,  this  was  effected  -  J.^fjJ/^f^^^^^^^^^  generally  disturbed ;  and 
n,ixed  nerves  were  divided,  tbe  -^^^^^^'^usc^^r  irritability  persisted  for  some  t.me 

Xei  the  nervous  irritability  had  disappeared,  it  be- 

galvanic  or  ^'^^^^"^^''^^^^^^^^  but, 
fails  to  produce  thesbghtestm^^^^^^^         ^^^^^^^^  ^^^^ 

if  the  stimulus  be  applied  direcUy  ^^^^^^  ^^^^ 

will  contract  vigorously  1^  *^^™^^.  ^nd  the  dis- 
asitwere,  ^--cted  ou  from  the^^^^^ 
oovery  of  an  agent  that  ^  ^l.P'^f  ^^^^^^^^.e  proof  that 
out  affecting  the  muscles  '^ff^J^^J^^^^f.^tirely  distinct, 
the  irritabihty  of  these  ^J^^^^^'^J^l potassium. 
,.  „^  If  a  frog  be  poisoned  f  P  f/^^^^erved ;  that  is,' 
\  7  precisely  the  contrary  to  excitation,  while 

v,a  158  -Fronts  leys  prepared  so  as  to  the  muscles  Will  l^*^^"™^  This  fact  may  be 

^Z'Mects\rLi'rara   (BernaM.  ^.^vous  system  ;^™'^^^Jf'J•l.,„,t„e  around  the 

trrsXT^v  r^o'r^  demonstrated  by  applying  ^.^'g^^  V^^^^ 

produces  contraction.  cept  the  lumUar  nei  V  .      arts  only  are  aflect- 

be.ea.l.  t.e  sMn  of  .he  P",,^ ^  S;^:  Strc.uL  U  cut  off.   .t  « 
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exposed  nerves  be  now  galvanized,  the  muscles  of  the  legs  are  thrown  into  contraction 
showing  that  the  nervous  irritability  remains.  Reflex  movements  in  the  posterior 
extremities  may  also  be  produced  by  irritation  of  the  parts  above  the  ligature.  These 
experiments,  most  of  which  we  have  frequently  repeated,  taken  in  connection  with  the 
observations  of  Longet,  leave  no  doubt  of  the  existence  of  an  inherent  and  independent 
irritability  in  the  muscular  tissue.  Contractions  of  muscles,  it  is  true,  are  normally 
excited  through  the  nervous  system,  and  artificial  stimulation  of  a  motor  or  mixed  nerve 
is  the  most  eflacient  method  of  producing  the  simultaneous  action  of  all  the  fibres  of  a 
muscle  or  of  a  set  of  muscles ;  but  galvanic,  mechanical,  or  chemical  irritation  of  the 
muscles  themselves  will  produce  contraction,  after  the  nervous  irritability  has  been 
abolished. 

The  conditions  under  which  muscular  irritability  exists  are  simply  those  of  normal 
nutrition  of  the  muscular  tissue.  When  the  muscles  have  become  profoimdly  affected 
in  their  nutrition,  as  the  result  of  section  of  the  mixed  nerves  or  after  prolonged  pai-aly- 
sis,  the  irritability  disappears  and  cannot  be  restored.  The  determination  of  the  pres- 
ence or  absence  of  muscular  contractOity,  in  cases  of  paralysis,  is  one  of  the  methods  of 
ascertaining  whether  treatment  directed  to  the  restoration  of  the  nervous  power  wiU  be 
likely  to  be  followed  by  favorable  results.  If  the  muscular  irritability  have  entirely  dis- 
appeared, it  is  almost  useless  to  attempt  to  restore  the  functions  of  the  part. 

A  great  many  experiments  have  been  made  with  regard  to  the  influence  of  the  circu- 
lation upon  muscular  irritability,  chiefly  with  reference  to  the  effects  of  tying  large  vessels. 
Among  the  most  recent  are  those  of  Longet.  He  tied  the  abdominal  aorta  in  five  dogs  and 
found  that  voluntary  motion  ceased  in  about  a  quarter  of  an  hour,  and  that  the  muscular 
irritability  was  extinct  in  two  hours  and  a  quarter.  When  the  blood  was  restored,  after 
three  or  four  hours,  by  removing  the  ligature,  the  irritabUity  and  finally  voluntary  move- 
ment returned.  These  experiments  sliow  that  the  circulation  of  the  blood  is  necessary 
to  the  contractility  of  the  muscles.  Tying  the  vena  cava  did  not  affect  the  irritability  of 
the  muscles.  In  dogs  in  which  this  experiment  was  performed,  the  lower  extremities 
preserved  their  contractility,  and  the  voluntary  movements  were  unaffected  up  to  the 
time  of  death,  which  took  place  in  twenty-six  hours. 

Tlie  relations  of  muscular  irritability  to  the  circulation  have  been  farther  illustrated 
m  some  very  curious  and  interesting  experiments,  by  Dr.  Brown-S6quard.    The  firs^ 
observations  were  made  upon  two  men  executed  by  decapitation.    Thirteen  hours  and 
ten  mmutes  after  death,  when  the  muscular  irritability  had  entirely  disappeared  and  was 
succeeded  by  cadaveric  rigidity,  a  quantity  of  fresh,  defibrinated  venous  blood,  from  the 
human  subject,  was  injected  into  the  arteries  of  one  hand  and  was  returned  by  the  veins 
It  was  afterward  reinjected  several  times  during  a  period  of  thirty-five  minutes  The 
whole  time  occupied  in  the  different  injections  was  from  ten  to  fifteen  minutes  Ten 
mmutes  after  the  last  injection,  and  about  fourteen  hours  after  death,  the  irritability  was 
toiind  to  have  returned,  in  a  marked  degree,  in  twelve  muscles  of  the  hand.    There  were 
only  two  muscles  out  of  the  nineteen,  in  which  the  irritability  could  not  be  demonstrated 
Three  hours  after  the  irritability  still  existed,  but  it  disappeared  a  quarter  of  an  hour 
later,    ihe  second  observation  was  essentially  the  same,  except  that  defibrinated  blood 
irom_  the  dog  was  used,  and  the  experiments  were  made  upon  the  muscles  of  the  arm 
Ihe  irritability  was  restored  in  all  of  the  muscles,  and  it  persisted,  the  cadaveric  rigidity 
ftavmg  disappeared,  twenty  hours  after  decapitation.   These  experiments  are  exceedinelv 
mterestmg,  as  showing  the  dependence  of  irritability  ,5pon  certain  of  the  processes 
ot_  nutrition  which  are  probably  restored,  though  temporarily  and  imperfectly,  by  the 
injection  of  fresh  blood.    They  ^e  also  important  in  connection  wilh  the  Idy  of 
IToZIZ"^tI'^  of  muscles,  a  condition  which  follows  the  loss  of  their  so-called  vital 
Som       f  d    h  cadaveric  rigidity  wiU  be  fully  discussed  as  one  of  the  phe- 
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Muscular  Contraction. 
The  stimulus  of  the  will,  conveyed  through  the  conductors  of  motor  influences  from 
the  brain  to  a  muscle  or  set  of  muscles,  produces  an  impression  upon  the  muscular  fibres 
and  causes  them  to  contract.  In  parts  where  the  muscles  have  been  exercised  and  edu- 
cated this  action  is  regulated  with  exquisite  nicety,  so  that  the  most  delicate  and  rapid, 
as  well  as  powerful  contractions  may  be  produced.  Certain  movements,  not  under  the 
control  of  the  will,  are  produced  as  the  result  of  unconscious  reflection  from  a  nervous 
centre  along  the  motor  conductors,  of  an  impression  made  upon  sensitive  nerves.  During 
this  action,  certain  important  phenomena  are  observed  in  the  muscles  themselves.  They 
change  in  form,  consistence,  and,  to  a  certain  extent,  in  their  constitution  ;  the  diflTerent 
periods  of  their  stimulation,  contraction,  and  relaxation  are  positive  and  weU-marked ; 
their  nutrition  is  for  the  time  modified  ;  they  develop  galvanic  currents;  and,  m  short, 
they  present  a  number  of  general  phenomena,  distinct  from  the  results  of  their  action, 
that  are  more  or  less  interesting  and  important  to  the  physiologist. 

The  most  striking  of  the  phenomena  accompanying  muscular  action  is  shortening  and 
hardening  of  the  fibres.  It  is  only  necessary  to  observe  the  action  of  any  well-developed 
muscle  to  appreciate  these  changes.  The  active  shortening  is  shown  by  the  approxima- 
tion of  the  points  of  attachment,  and  the  hardening  is  sufficiently  palpable.    The  latter 

phenomenon  is  marked  in  proportion  to 
the  development  of  the  true  muscular 
tissue  and  its  freedom  from  inert  mat- 
ter, such  as  fat.  We  have  already  seen 
that  it  is  the  muscular  substance  alone 
which  has  the  property  of  contraction ; 
and  we  have  shown  that  this  action  in- 
creases the  consumption  of  oxygen  and 
probably  of  other  matters,  the  produc- 
tion of  carbonic  acid  and  some  other 
excrementitious  principles,  and  that  it 
develops  heat. 

Notwithstanding  the  marked  and 
constant  changes  in  the  form  and  con- 
sistence of  the  muscles  durmg  contrac- 
tion, their  actual  volume  is  unchanged, 
or  it  undergoes  modifications  so  slight 
that  they  may  practicaUy  be  disre- 
garded.   Experiments  upon  this  point 
have  been  so  uniform  in  their  results, 
that  it  is  hardly  necessary  to  refer  to 
them  in  detail.    All  modern  observers 
accept  the  results  of  the  older  experi- 
ments, in  which  muscles  have  been  made 
to  contract  in  a  vessel  of  water  con- 
nected with  a  smaU  upright  tube,  show- 
ing that,  when  the  muscles  are  in  actiro 
contraction  as  the  result  of  a  galvamc 
stimulus,  the  elevation  of  the  liquid  in 
the  tube  is  unchanged.    It  is  evident, 
therefore,  that  a  muscle,  while  it  hard- 


no  159  -Avvaratm  io  show  that  muwles  do  not  increase 

in  volume  during  contraction.   (Marey.)  _ 
A  ve88elofwater,provided  witha  tube  (C);  ?,  galvamc  ap- 
'    parotoT  D,  nerve,  to  which  the  Btimulas  is  applied. 


e„,  ..a  changes  in  fom  <i«ring  contraction,  does  not  sensibly  chnng,  in  its  actual  volu,n., 
exceedingly  difficult  to  determine  a  question  apparently  so  simpie 
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ia  form  which  the  muscular  fibres  undergo  during  contraction ;  and  it  is  only  of  late 
years  that  this  single  point  has  been  definitively  settled.  The  idea  that  the  fibres 
do  not  shorten,  but  that  they  assume  a  zigzag  arrangement  during  contraction,  is  not 
adopted  by  any  modern  writers.  All  are  now  agreed  that  in  muscular  contraction 
there  is  an  increase  in  the  thickness  of  the  fibre,  exactly  compensating  its  diminution  in 
length.  This  has  been  repeatedly  observed  in  microscopical  examinations,  and  the  only 
points  now  to  determine  are  the  exact  mechanism  of  this  transverse  enlargement,  its 
duration,  the  means  by  which  it  may  be  excited,  and  its  physiological  modifications. 
These  questions,  within  the  last  few  years,  have  been  made  the  subjects  of  elaborate 
investigations  by  Helmholtz,  Du  Bois-Eeymond,  Aeby,  Marey,  and  others ;  and,  although 
it  is  hardly  necessary  to  follow  these  experimenters  through  all  of  their  investigations, 
many  points  have  been  developed,  particularly  by  the  system  of  registering  the  muscular 
movements,  that  possess  considerable  physiological  importance. 

One  essential  condition  in  the  study  of  the  mechanism  of  muscular  contraction  is  to 
imitate,  in  a  muscle  or  a  part  of  a  muscle  that  can  be  subjected  to  direct  observation,  the 
force  that  naturally  excites  it  to  contraction.  The  application  of  electricity  to  the  nerve 
is  beyond  all  question  the  most  perfect  method  that  can  be  employed  for  this  purpose. 
We  can  in  this  way  excite  a  single  contraction,  or,  by  employing  a  rapid  succession  of 
currents,  we  can  excite  either  continuous  or  tetanic  action.  While  the  electric  current  is 
not  identical  with  the  nervous  force,  it  is  the  best  substitute  we  can  employ  in  experi- 
ments upon  muscular  contractility,  and  it  has  the  advantage  of  not  affecting  the  physical 
and  chemical  integrity  of  the  nervous  and  muscular  tissue.  In  studying  this  subject,  we 
shaU  first  follow  some  of  the  experiments  npon  muscular  contraction  excited  artificially, 
and  then  apply  them,  as  far  as  possible,  to  the  strictly  physiological  actions  of  muscles. 

There  are  two  classes  of  phenomena  that  may  be  produced  by  electrical  excitation  of 
motor  nerves  :  1.  When  the  stimulus  is  applied  in  the  form  of  a  single  discharge  it  is  fol- 
lowed by  a  smgle  muscular  contraction.    2.  Under  a  rapid  succession  of  discharges  the 
:  muscle  is  thrown  mto  a  state  of  permanent,  or  tetanic  contraction.  It  will  greatly  facilitate 
.  our  comprehension  of  the  subject  to  study  these  phenomena  separately  and  successively 

The  muscular  contraction  produced  by  a  single  stimulus  applied  to  the  nerve  is  called 
1  by  the  French,  secousse  (shock),  and  by  the  Germans,  Zilclcung  (convulsion).  It  will  be 
.  convenient  for  us  to  employ  some  term  that  will  express  this  sudden  action  of  the  mus- 
.  cnlar  fibres,  as  distinguished  from  the  contraction  that  takes  place  on  repeated  stimula- 
i  tion  or  m  continued  muscular  effort ;  and  we  shall  designate  a  single  mnscular  contraction, 
:  then,  as  spasm,  applying  the  term  tetanus,  to  continued  action. 

Spasm  produced  ly  Artificial  Fxcitation.-lUn  electric  discharge,  even  very  feeble 
be  applied  to  a  motor  nerve  connected  with  a  fresh  muscle,  it  is  followed  by  a  sudden 
•  contraction,  which  is  succeeded  by  a  rapid  relaxation.   Under  this  stimulation,  the  muscle 
-shortens  by  about  three-tenths  of  its  entire  length.    The  form  of  the  contraction,  as 
regis  ered  by  the  apparatus  of  Helmholtz,  Marey,  and  others  who  have  applied  the 
■  so-called  graphi^  method  to  the  study  of  muscular  action,  presents  certain  interesting 
'Peculiarities.    We  shall  give,  however,  only  the  general  characters  of  this  action,  with- 
out discussmg  in  detail  the  complicated  apparatus  employed 

According  to  Helmholtz,  the  whole  period  of  a  single  contraction  and  relaxation  of 
I  the  gastrocnemius  muscle  of  a  frog  is  a  little  less  then  one-third  of  a  second.    The  mus- 
chTrl™'T.f  """^  ^■^P^'^^y'  this  exception,  the  essential 

^^"^-^^^^    ^-^^^  -"p^^^ 

Interval  between  stimulation  and  contraction.  n"  no<% 

Contraction     °,  ^^O 

Relaxation..  0  ^80 
  0"-105 

0"-305 
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The  duration  of  the  electric  current  applied  to  the  nerve  iB  only  0"-0008.  Contrac- 
tion ho  wevc    does  not  follow  immediately,  there  being  an  interval,  called  i^ose,  of  abou 
r^Xi'aLcond.    The  c— ^^^^^^^^^^^h^ 
relaxation,  the  former  bem.  a  hU^  ^^^^^.^^ ,Se  L  changcB^n  for„\  of  the 
the  contraction  of  an  on  u^m^^^^^^^^  ^^^^^.^^.^^  satisfactorily.    It  is  pretty 

indivxdua  fibres,  a  Pomt^^^J  its  irritability  unimpaired,  become, 

well  ;nt\^^^^Sl^^w^^^^^^  the'  stimulation  is  applied.    Now,  the  question 

contracted  and  ^^^ll^^^*  ^^^^^^^^^^  t^,,  fibres  in  obedience  to  the  natural  nervous  stimu- 
is  whether,  m  ---^^-^^^j;^^^^^^^^^  ,hole  fibre,  a  shortening  of  those  portions  only 

rattTt^slTif  thetS^^  of  the  motor  nerves,  or  a  peristaltic  shortening  and 

swelling,  -Pijlj  «  ,,en  repeated  and  extended  by  Marc,, 

and  Marey  have  succeeded  m  measuimg  ^    physiological  action  c,f 

this  is  propagated  in  the  form  of 
a  wave,  which  meets  in  its  course 
another  wave  starting  from  a  dif- 
ferent point  of  stimulation.  As 
we  know  that  the  motor  nerves 
terminate  at  different  points  by 
becoming  fused,  as  it  were,  witli 
the  sarcolemma,  we  can  readily 
comprehend,  under  this  theory, 
how  the  simultaneous  contrac- 
tion of  all  the  fibres  of  a  muscle 
is  produced  by  stimulation  of  its 
motor  nerve.    This  idea  is  ex- 
pressed in  the  accompanying  dia- 
gram. Although  this  view  of  the 
physiological  action  of  the  mus- 
nt  be  assumed  that  it  has  been  absolutely 
cular  fibres  is  extremely  probable,  it  ^  ^^t^^r  sustained  by  experimental 

demonstrated ;  but  it  is  certainly  more  f  ti^t'^'^;";^  J , 
facts  than  any  theory  that  has  hitherto  been  advanced. 

Mechanism  of  prolonged  Muscular  ^'f^^nr^^n^^ndt^^'v^^^^ 
to  prodnce  a  muscular  contraction  of  ^  certain  Uura  ^^^^^  ^^^^^  ^ 

limits,  proportionate  to  the  amount  of  force  l^^^J^^^^.  exhausted  to  the  extent  tba 
tain  time,  'he  muscle  becomes  fatagiied,  and  ^^^^^^     ^^scnlar  action  most 

it  will  not  respond  to  the  normal  stimulus.    This  is 

interesting  to  us  as  physiologists.  T^recisely  how  far  the  nervous  action  that 

The  experiments  of  Marey  seem  to  «'^°^  J^^^7'!''^t^.,,tion  can  be  imitated  by  elec- 
gives  rise  to  a  powerful  and  continuous  --^-I'f^  ^'^'l^^^  aischarge,  secousse,  whkh 
fricity.    Calling  the  movement  produced  by  a  ^-f^J^^^^^  contraction,  tetanus. 
we  hive  translated  by  the  word  spasm,  ^^^^^^^^"^JJX  Motion  from  the  single  contrac- 
shall  adopt  this  name  to  distingmsh  persistent  muscular 

tion  that  we  have  just  described.  tralvanic  electricity  passed  through  a 

It  is  a  curious  fact  that  a  continued  current  of  galvan 


Fig.  l&O.-Viagmm  of  the  muscular  wa'oe.  (Aeby.) 
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nerve  or  a  muscle  does  not  induce  muscular  contraction;  and  it  is  only  when  the  cur- 
rent is  closed  or  broken,  that  any  action  is  observed.    But  if  we  employ  statical  elec- 
tricity, a  muscular  spasm  occurs  at  every  discharge,  proportionate,  in  some  degree,  to 
the  power  of  the  excitation.    If  the  discharges  be  very  frequently  repeated,  or  if  a  gal- 
vanic current  be  applied,  broken  by  an  interrupting  apparatus,  the  spasms  follow  each 
other  in  quick  succession.    In  experimenting  upon  the  muscles  of  the  frog,  with  a  regis- 
tering apparatus,  Marey  has  found  that,  with  a  gradual  increase  in  the  rapidity  of  the 
electric  shocks,  the  individual  muscular  spasms  become  less  and  less  distinct,  and  that 
finally  the  contraction  is  permanent.    His  diagrams  show  well-marked  spasms  under 
ten  excitations  per  second,  a  more  complete  fusion  of  the  different  acts  with  twenty 
per  second,  and  a  complete  fusion,  or  tetanus,  with  twenty-seven  per  second.  When 
the  contraction  had  become  continuous,  there  was  an  elevation  in  the  line,  showing 
increased  power,  as  the  excitations  became  more  and  more  frequent.    This  is  precisely 
the  kind  of  contraction  that  occurs  in  the  physiological  action  of  muscles.  Although 
the  nervous  force  is  not  by  any  means  identical  with  electricity,  either  the  interrupted 
galvanic  current  or  a  succession  of  statical  discharges  is  capable  of  producing  a  muscular 
action  very  like  that  which  is  involved  in  voluntary  movements.    The  observations 
of  Marey,  showing  that  the  intensity  of  what  he  terms  artificial  tetanic  contraction 
:  is  in  proportion  to  the  rapidity  with  which  the  electric  discharges  succeed  each  other, 
.  are  exceedingly  interesting  in  their  practical  applications ;  and  an  important  question  at 
■  once  arises  regarding  the  nervous  force  that  excites  voluntary  motion.    Is  this  a  series  of 
.  discharges,  as  it  were,  producing  a  power  of  muscular  contraction  in  exact  proportion  to 
I  their  rapidity  ?    In  view  of  the  experiments  just  cited,  this  theory  is  very  probable  ;  and 
i  it  is  certain  that  the  elfect  of  a  rapid  succession  of  electric  discharges  almost  exactly  simu- 
1  lates  the  normal  action  of  muscles.    That  vibrations,  more  or  less  regular,  actually  occur 
i  in  muscular  contraction,  has  been  settled  beyond  a  doubt  by  the  researches  of  Wollaston 
!  Haughton,  and  more  lately  by  Helmholtz,  the  latter  having  recognized  a  musical  tone  in 
i  contracting  muscles,  exactly  corresponding  with  the  number  of  impressions  per  second 
r  made  upon  the  nerve.    He  farther  devised  an  ingenious  method  of  recognizing  the  tone, 
i  by  filling  the  ears  with  wax  and  contracting  the  temporal  and  masseter  muscles.  Marey 
lhas  found,  in  repeating  this  experiment,  that  the  tone  may  be  changed  by  modifying  the 
1  mtensity  of  the  muscular  action.    With  the  jaws  feebly  contracted,  a  grave  sound  is 
;  produced,  and  this  can  be  raised  one-fifth,  by  contracting  the  muscles  as  forcibly  as 
I  possible. 

The  nerves  are  not  capable  of  conducting  an  artificial  stimulus  for  an  indefinite  period 
:  nor  are  the  muscles  able  to  contract  for  more  than  a  limited  time  upon  the  reception  of 
^  such  an  excitation.    The  electric  current  may  be  made  to  destroy  for  a  time  both  the 
::  nervous  and  muscular  irritability ;  and  these  properties  become  gradually  extinguished,  the 
:  parts  becommg  fatigued  before  they  are  completely  exhausted.    Precisely  the  same  phe- 
nomena are  observed  in  the  physiological  action  of  muscles.    When  a  muscle  is  fatigued 
.artificially,  a  tetanic  condition  is  excited  more  and  more  easily,  but  the  intensity  of  the 
f  contraction  proportionaUy  diminishes.    Muscles  contracting  in  obedience  to  an  effort  of 
.tne  will  pass  through  the  same  stages  of  action.    It  is  probable  that  constant  contraction 
•IS  excited  more  and  more  easily  as  the  muscles  become  fatigued,  because  the  nervous 
lorce  gradually  diminishes  in  intensity.    It  is  certain  that  the  vigor  of  contraction  at  the 
same  time  progressively  diminishes. 

Electric  Phenomena  in  the  Mmcles.—lt  was  ascertained  a  number  of  years  ago  by 
iMatteucci,_that  all  living  muscles  are  the  seat  of  electric  currents,  which  are  not  verv 
■powertui,  It  IS  true,  but  still  are  sufiBciently  marked  to  be  detected  by  ordinary  galvanome- 
si^ifi.n  "  °*      J^°°^ledge,  to  appreciate  the  physiological 

.nomennT.  '^'^       ^"^^  "^'"'^^  electric  phe- 

omena  that  are  ordinarily  observed,  without  attempting  to  follow  out  the  elaborate  aaid 
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.     .  1.  ^^■>r  Tin  Ttnis-Eevioond  and  others.   One  of  the  most  siip- 

curious  experiments  since  made  by  Du  ^^'f'-^'J^llll      j    „f  ^  f,  ,  ^uh  the  crural 
pie  xnethods  of  demonstrating  this  eurrent  -  to       are  tbe  eg 

nerve  attached,  and  to  apply  one  poition  ot  the  w^^^^^^        i^^^  ^^^^ 

surface.  As  soon  as  tlie  con- 
nection is  made,  a  contraction 
of  the  leg  takes  place.  The 
same  fact  may  be  demonstrated 
with  an  ordinary  galvanometer ; 
but  the  evidence  obtained  by 
the  frog's  leg,  when  the  experi- 
ment is  properly  performed,  is 
sufficiently  conclusive. 

Matteucci  constructed  out  of 
the  fresh  muscles  from  the  thigh 
of  the  frog,  what  is  somethnes 
called  a  frog-battery ;  which  ex- 
hibits these  currents  in  the  most 
striking  manner,  their  intensity 
being  in  direct  ratio  to  the  num- 
ber of  elements  in  the  pile.  To 
do  this,  he  takes  the  muscles 
of  the  lower  half  of  the  thigh 
from  several  frogs,  removing 
the  bones,  and  arranges  them  in 
a  series,  each  with  its  conical 
extremity  inserted  into  the  cen- 
tral cavity  of  the  one  below. 
In  this  way  the  external  sur- 
face of  each  thigh  except  the 
last  is  in  contact  with  the  in- 
ternal surface  of  the  one  below. 
If  the  two  extremities  of  the 


no.  ^01.-Mi,scular  current  in  tUe  frog.  |BernardO 

arrow.  „     ,   ,  „  n-w^  locr  pnclosed  in  a  class  tube)  is  ap- 

FiK.  2,  the  nerve  of  a  frog's  leg  (the        ?f Thereis  no  contrac- 

raised  up.  .      ■   a         n  n-u^s  rod.   The  contraction 

the  current  follows  the  course  of  the  ne^«^  °^    j.       ^.s^cuit,  hecause 

'^^te're"c«X'cre^^  0^ 
inverse. 


Electric  currents  are  observed  m  all  Imng  muscle  J  ^^^^^  ^^^^^^ 

mammalia  and  warm-blooded  animals,    ^tey  exi^^^^^^^^^  eanses  the 

Artificial  tetanus  of  the  muscles,  ^^^-X^be  needle  o  instrument  show  a  deviation 
galvanometer  to  recede    If,  for  example  t^e^^edle  «  return  so 

^of  80°  cluring  repos.  wl^^^^^  ^^rp—tt  observed  only  during  a  continued  mus- 
:2rLl^oraBd  i'a^es  not  Lend  a  single  spasm. 

..........The  mere  —  —  t^^.t,^^^^^^^^^ 

is  no  obstacle  to  be  overcome  or  no  '  progression  there  is  simply  a  move- 

from  a  muscular  efi-ort.  For  example,  «  ^^^^^^^^  J^^^^  ^^Hhout  our  consciousness, 
ment  produced  by  the  action  of  t^^.^Xn'  Se  circulation  or  respiration ;  but,  if  we 
and  this  is  unattended  with  f7;°°^^*°t7tiS.e  a  powerful  blow,  or  to  make  any  vigor- 
attempt  to  lift  a  heavy  weight  to  jump,  to  «  ^^^^  ^ J^.  prepare  for  the  mu  - 
0U8  effort,  the  action  is  very  different.  the  att  j^ore  or  less  forci- 
cular  action  by  inflating  the  lungs,  closmg  the  gbttis, ^a  ^  ^ .^.^  ^^^.^^^.^^ .  ,y 
bly  the  expiratory  muscles,  so  as  to  renaer 
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n  concentrated  effort  of  the  will,  the  proper  nuiscles  are  then  brought  into  action 
lb:s  remarkable  aet.on  0  the  mnscles  of  the  thorax  and  abdo.nen,  due  o  s  ml 
effort  and  mdependont  ot  the  particular  muscular  act  that  is  to  be  accomplished  com 
presses  the  contents  of  the  rectum  and  bladder  and  obstructs  very  materially  the  venous 
circulation  m  the  lai-ge  vessels.  It  is  well  known  that  hernia  is  frequently  LoducedT 
th,s  way;  thevemsof  theface  and  neck  become  turgid;  the  coujSva  ^7  "eeo^e 
ecchymosed ;  and  sometnnes  aneurismal  sacs  are  ruptured.  An  effort  of  Tws  k  nd  i! 
generally  of  short  duration,  and  it  cannot,  indeed,  be  prolonged  beyond  the  time  durlnl 
which  respiration  can  be  conveniently  arrested.  At  its  conclusion  there  is  coZion  v  f 
prolonged  expiration,  which  is  audible  and  somewhat  violent  at  its  commencernT 

niusrof^  r:  if^i:^^^^^'    po.erfr:r  of  ti. 

and  an  opening  into  the  trLLa  o^^rvn^      1       ^  ^  completely  closed ; 

ble,  does  not  interfere  wi  h  cttiL  Z^l^       '  '""^ "''^  '""'"'^ 
we  examine  a  dog  wi  h  the  rtt  s  exl  e  tr'T'  'T''''''''''  "''^^^"^"^ 
can  see  that  the  opening  i  t^j  lo^d  '  This'f.t  "  f  '^'''^  *° 

I'assive  Organs  of  Locomotion. 

It  would  be  out  of  place  to  describe  fuDy  and  in  detnil  nil  •  t  , 

movements  produced  by  muscular  f^o^nrT         ''^  «f  t^^e  varied  and  complex 

:  deglutition  and  of  respLTon        -        m  ^""^  °^  '"'^  movements  of 

:tioL  of  which  they  form  n^^^^  '^^^^^^^-'^  -  connection  with  the  func- 

.ated  and  antagonistic  rveinen ts'  and  17  ' 

history  of  the  motor  nerves  Td  wS  be  "  .  f"\  movements,  etc.,  belong  to  the 
.system.  ^""^  considered  under  the  head  of  the  nervous 

The  study  of  locomotion  involves  a  tnowTorin-o      +1,      i    •  , 
.t=>in  passive  organs,  the  bones  carHlnl,     J  1  ^  Physiological  anatomy  of  cer- 

:of  the  structure  of  hese  par  s  tren^f  '  ^^''^""^^  ^  «°^Pl«te  history 

-pted  to  give  a  'r""  f 

^he  tissues  of  the  body,  with  the  excentfon  of  Vhf  '  """^P^'*"  «f 

Mion,  which  wiU  be  taken  up  hereSer  °f 

rhetertltr::;;t:rt^^^^^^^^  passive,  movable  parts, 

lescribed  the  fibrou  structures  .ndT  ^  ^^^^ons.    We  have  already 

jlages.  structures,  and  it  only  remains  for  us  to  study  the  hones  and  car- 

■onfa^f?:t1rS^  ^  -^-^^tionsof  the 

onjder  refer  to  their  j:rortr         ^^^^^^^^^^^  ^  -P-  to 

-nee,  m'arS  brmit:^:;^!';;!?^"'  f  ^'-^"^^       fundamental  sub-' 

-  corpuscular  b^die!  riLTbo    1^^^^^^^^^^^^^  f°--    ^he  cavities  con- 

^ssage  of  blood-vessels  while  the  ,    .      ?    ?^  ^'""^'^  ^'^^  ^^^-^^  the 

other  and  finaUy  wirh  ho  vascuTar  tubeT  M  "1  -^^^ 
'-ity,  fiUed  with  a  peculiar  s  rultl  onl^  1  ^  P'"'''°*  "  "''^""^''^ 

««nct  portions;  one  S is  ete  dl,    """"'Z  ^""^^^  ^^'^'"^  two 

■  cancellated.    The  bones  a     Z  SltelZTa  m   t  ""'^     ^^^^  ^^^-^^^'^ 

'rves,  called  the  periosteum  membrane,  containing  vessels  and 
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.        •    „„t,„.oi  r.nnf1it,ion  or  with  the  oalcareouB 
vaviouB  directions  and  examined  either  m  1^.c.r         a^  -";;;*'-  g,.,,  we  cun 

matter  removed  by  maceration  m  '''f/^.tZTih,  direction  and  relations  of  the 
n.ake  out  the  relations  of  the  i-^^^^?  ^^^f  fj^^^^^^  of  the  bone-cavities  and 

Z^Z:^Xt:t:^^^S^  ^^^^^^  ''''  . 

contents,  vessels,  nerves,  etc.,  ^''^Jl^l^l'^'-L^^^^ 

organic  matter,  called  osteme,  combmed  w.th  v^^^^^^^^  the  phosphate  of  lime,  the  bones 
plfate  of  Ume  largely  predommates  °Lsphate  of  magnesia  and  of  soda,  and 


5  and  lacunm,  seen  MJ^f 
,  humerus;  magnified 


Fig  m.— Vascular  canal 
gitudinal  section  oji. 
diameters.  (Sappey. 

a,  a,  a,  v-c"'- Xdimental'substance. 


a7nc<e»-s.    ^From  a  jn^^^^^^^_i^^ 


LpcitioD  of  tie  tadamentd  .«b.t»nc. 

■        ar>nno-v  and  reticulatea  poiiiuua- 
very  rare  m  the  spongy  ^t"" 
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canals  being  sometimes  quite  irregular.  In  the  long  bones  tlioir  direction  is  generally  lon- 
gitudinal, although  they  anastomose  by  lateral  branches.  Each  on©  of  these  canals  con- 
tains a  blood-vessel,  and  their  disposition  constitutes  the  vascular  arrangement  of  the  bones. 
They  are  all  connected  with  the  openings  on  the  surface  of  the  bones,  by  which  the  arte- 
ries penetrate  and  the  veins  emerge.  Their  size,  of  course,  is  variable.  According  to 
Sappey,  the  largest  are  about  -,5^  and  the  smallest,  of  an  inch  in  diameter.  Their 
average  size  is  from  to  5^  of  an  inch.  In  a  transverse  section  of  a  long  bone,  the 
Haversian  canals  may  be  seen  cut  across  and  surrounded  by  from  twelve  to  fifteen 
lamella).    In  a  longitudinal  section  the  course  and  anastomoses  may  be  studied. 

Laciniai.— The  fundamental  substance  is  everywhere  marked  by  irregular,  micro- 
scopic excavations,  of  a  peculiar  form,  called  lacunae  or  osteoplasts.  These  were  at  one 
time  supposed  to  be  corpuscles  of  calcareous  matter  and  were  known  as  the  bone-cor- 
puscles ;  but  it  has  since  been  ascertained  that  this  appearance  is  due  to  the  imperfect 
methods  of  preparation  of  the  thin  sections  of  bone.  They  are  connected  with  numer- 
ous little  canals,  giving  them  a  steUate  appearance.  These  are  most  numerous  at  the 
sides.  The  lacuna)  measure  from  ^  to  ^  of  an  mch  in  their  long  diameter,  by  about 
of  an  inch  in  width.  They  contain  the  true  bone-corpuscles,  which  we  shall  pres- 
ently describe. 

Canaliculi.— These  are  little  wavy  canals,  connecting  the  lacunse  with  each  other 
and  presenting  a  communication  between  the  first  series  of  lacuna)  and  the  Haversian 
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Fro.  m.~ra»cular  canals  and  lacuna!;seen  in  a  transverse  secUon  of  thehumencs;  magnified  200  diameters 

(.sappey.) 

forming  conceTric  mgs  perpendicularly,  are  Been  the  lacuniE  (with  their  canaliculi). 
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borrW,  ^=!f.°f^°Pl^!t  presents  from  eighteen  to  twenty  canahculi  radiating  from  its 
aTS"    S'"  to  ^  of  an  inch,  and  their  diameter,  about  ^  of 

%  164.        '^"•^^g^'^^^t  of  ttie  Haversian  canals,  lacunae,  and  canaliculi  is  sS  in 

acuf?rf^'  «^  C«p«3cZ...-By  treating  perfectly  fresh  specimens  of  bone  with  weak 
met  V  fi,r"'  ^'^t°"i'"  ^-°-*-ted  the  presence  of  stellate  cells  or  corpurc  es 
tn,c  urofl°^       the  lacuna)  and  sending  prolongations  into  the  canalicuh.  These 
S  h  Ltr;"".J'".  f ^"^^^^'l-^ demonsfating  th  n 
with  fi'r .   r  "^'''""^  Tbey  are  stellate,  grLular 

w.th  a  large  nucleus  and  several  nucleoli,  and  are  of  exactly  the  size  and  forS  of  the 

00 
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1       r  „a  4n(n  tlio  canaliculi,  but  it  liaH  been  impossible  to 
lacun..    They  send  7\P-^°f^^^^;°;;,;trm  lining  the  canalieuli  through- 

ascertain  positively  wbether  oi  not  they  ^^^.^^ 


out  their  entire  length. 

Marrow  of  the  Bonei.-Tho  peculiar 
structure  called  marrow  is  found  in  the  me- 
dullary cavities  of  the  long  bones,  filling 
them  completely  and  moulded  to  all  the 
irregularities  of  their  surface.    It  is  also 
found  filling  tlie  cells  of  the  spongy  portion. 
In  other  words,  with  the  exception  of  the 
vascular  canals,  lacunse,  and  canaliculi,  the 
marrow  fills  aU  the  spaces  in  the  fundament- 
al substance.    We  know  very  little  of  the 
functions  of  the  marrow,  and  we  shall  there- 
fore pass  it  over  with  a  brief  description. 

It  is  now  settled  that  the  cavities  of  the 
bones  are  not  lined  with  a  membrane  corre- 
sponding to  the  periosteum,  and  that  the 
marrow  is  applied  directly  to  the  bony  sub- 
stance. In  the  foetus  and  in  very  young 
children,  the  marrow  is  red  and  very  vascu- 
lar. In  the  adult  it  is  yellow  in  some  bones 
and  gray  or  gelatiniform  in  others.  It  con- 
..  .  tains  certain  peculiar  cells  and  nuclei,  with 

amorphous  matter,  adipose  -sides^  — ^^^r^  ^^Z.  of  cells 
Medullocells.-Jiohm  has  described  l^^tle  ^odies,  e        g  ^^^^  ^^^^^^  ^^^^ 

and  free  nuclei,  called  medullocells.    These  aie  found  giea 


F.G  165.-7Yansverse  section  of  bone  from  m^^^^^^ 
Medical  Museum.) 


1,0.  m.-Bon'e-corpuscles,  ^^t^  tkcir  prolonoaUou..  (EoUett.) 


bones  at  all  ages,  but  they  are  more  abundant  m  V^^'^^^^^t^^^^ 

fat-cells  are  deficient^  ^TTJ^^^^^^^^^  ^«  °^  ''''' 
erally  without  nuclcoh,  finely  granu.a  , 
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Tliey  are  insoluble  in  acetic  acid.    The  cells  are  less  numerous  than  the  free  nuclei  TLev 
are  spherical  or  slightly  polyhedric,  contain  a  few  pale  granulations,  are  rendered  pale 
but  are  not  dissolved  by  acetic  acid,  and  they  measure  about  ^  of  an  inch  in  diameter 
Ml/eloplaxej.-Thoso  are  irregular,  nucleated  patches,  also  described  by  Kobin  more 
abundant  m  the  spongy  portions  of  the  bones  than  in  the  medullary  canals,  a^d  a  e 
apphed  to  the  mternal  surlaces  of  the  bones.    They  are  exceedingly  irregular  in  si.e  and 
orm  measunng  from  ^  to  ^^r  of  an  inch  in  diameter),  are  finely  granular,  and  present 
,    from  two  to  twenty  or  t  nrty  nuclei.    The  nuclei  are  clear,  ovoid,  generally  ;ith  a  nucle 
^^ZlT  V  "Tf     "'^^  -V  °f      i-'^  Inroad.  The 

distinctly  "  '  '      ''''''  ''''  "'^'^l^i  ^™         brought  out  more 

.iMinl'^'^f '"i"! '°  anatomical  elements  just  described,  the  marrow  contains  a  few  very 
dehcate  bundles  of  connective  tissue,  most  of  which  accompany  the  blood-vesseir  In 
the  foBtus,  the  adipose  vesicles  are  few  or  may  be  absent;  but  in  the  adu^t  they  are'  uite 
numerous,  and  m  some  bones  they  seem  to  constitute  the  whole  mass  of  tl  e  m!rrow 
They  do  not  difler  materially  from  the  fat-cells  in  other  situations.  Holding  th  se  TiffereM 
~m:?er'  "  '  ''''''''  '-'''^  °^  semitransparent,  amorph^s'Tr'S;^ 
The  nutrient  artery  of  the  bones  sends  branches  to  the  marrow,  generally  two  in 

and^fi^i"       "Vri'  ^^^^"'^"'^'^  ^^^--^       -rious  ai^armralVerents 

Se  vei'n  ^  ^•^^'""^ f fat-vesicles  with  a  dehcate  capOary  Zu 
The  vems  correspond  to  the  arteries  in  their  distribution.    The  nerves  follow  the  arterl^ 
and  are  lost  when  these  vessels  no  longer  present  a  muscular  coat.    NothL  is  kno w  ' 

:is:7ri£i^r''' mF^??  ^^^^^ 

erpeiments  upon  th  nhysioW^^  .       ""'^^  "  very  extended  series  of 

bone  by  tranStVn/nortio^^^^^^  T  Periosteum,  endeavored  to  produce 

has  lately  been  mo^  fortunate  ^7^7'  J"  unsuccessful.  M.  Goujon,  however, 
transplanted  intTthe  '        ''''l"^"*^^'  ^^-^ys,  marro.; 

young  bones,  ^^^X^JZ^Z^  ^^S^::^^  -  — 

tissut;:?  rs7m:  oTiion:  iz:  :i:  n°"^T  ^"^^^^^^  ^  ''^^'^  '^^^^ 

membrane  adheres  to  ti  e  hon.  K  .  ^^"'^  demonstrated.  This 

It  covers  the  bo^^s  comj^et  ly  ^ Xra't  Zlf' 

by  cartilaginous  incrustation    1^1!  ,  ^^'""'^  ^^s  place  is  supplied 

with  numerous  sr^et  t  "  fiJ       ,7'?''  ^^'^^  ^^^^^^stic  vailty. 

The  arterial  brncht  rl^^^^^    blood-vessels,  nerves,  and  a  few  adipose  vesicles. 

anastomosing  which  stS'  "^"^^  ^  close. 

There  is  nothingpec^ira^fnth.  T'''  '"^^'^^  ^^'^^  -^'-tance 

the  bony  substS ^rbet^  .TSldLr  ^"^^^    ^'^^  «^ 
close  ple^ur^'  -e  very  abundant  and  form  in  its  substance  quite  a 

membrane.  ^  scattered  here  and  there  in  the  substance  of  the 
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farther  illustrated  by  the  remarkable  cxperin.ents  of  M.  Oilier,  upon  transplantation  of 

this  membrane  in  the  different  tissues  of  Uvmg  animals. 

.nf  Pnrtnlaae  -In  this  connection,  the  structure  of  the  articu- 
Physiological  Anatomy  of  Cm  Mage    in  J  ,  ^^^^^^  ^^^^ 

lar  cartilages  presents  the  duct  Pl;^- ^^^f  from  A  to       of  an 

bones  are  encrusted  with  a  layer  ot  ^'^'^^^'f '  ^^"f^J  semitransparent  when  examined 

it  h»  » -™''»!°':°^^^^^^^^^      'i'ZTtri;ist  of  a  homogeneous  f„„i.n,e„..l 

The  intervening  substance  has  a  peculiar    ■■■■■  ■■'■■'■i   — « 

organic  base,  called  cartilagine.  By  pro- 
lonoed  boihng  this  is  changed  into  a  new 
substance,  called  chondrine.  The  orgamc 
matter  is  united  with  a  certain  proportion 
of  inorganic  salts.  This  fundamental  sub- 
stance is  elastic  and  resisting.  The  car- 
tilages are  closely  united  to  the  subjacent 
bony  tissue.  The  free  articular  surface 
has  already  been  described  in  connection 
with  the  synovial  membranes. 

CartUage-Camties.—'ni^^  cavities  are 


todTtates  Army  Medical  Museum.) 


yiG  l^-Perpmdicular  action  of  a  dtamrodial 
FIG.  ibs.   '''' ^  ^^,.tiiage.  cSappey.) 

,  1,1.  osseous  ff^^^^^S^X^:^ 
tissue  treated  witli  °>5™^"f  "^^tiwe :  i  4,  cavities 
Tu^  ':^M«y:r^ttMs  kud  ce,.s 

of  the  euperflcial  layer. 


United  States  Army  Medical  museum.;  .     ™  ^er- 

•     ,         1  +n   1-  of  an  inch  in  diameter.    They  are  genw 

analogous  to  the  lacunse  of  the  bones.  cartilages,  the  cavities  contain  each 

Cartilage-Cells.-^e.v  the  surface  *         ^'^^ ^r^  ^.g        contain  from  two  to 
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rounded  and  quite  large.  The  cells  contain  generally  a  certain  amount  of  fatty  matter. 
The  appearance  of  the  ordinary  articular  cartilage  is  represented  in  Fi".  168. 

The  ordinary  cartilages  have  neither  blood-vessels,  lymphatics,  nor  nerves,  and  are 
nourished  exclusively  by  imbibition  from  the  surrounding  parts.  Their  function  has 
already  been  sufficiently  considered  in  treating  of  the  synovial  membranes.  In  the  devel- 
opment of  the  body,  tlie  anatomy  of  the  cai-tilagiuous  tissue  possesses  peculiar  interest 
from  the  fact  that  the  deposition  of  cartilage  precedes  the  formation  of  bone-  but  we 
have  here  only  to  do  with  the  permanent  cartilages.  ' 

Filro- Cartilage.— This  variety  of  cartilage  presents  certam  important  peculiarities 
m  the  structure  of  its  fundamental  substance.  It  exists  in  the  synchondroses,  the  car- 
tdages  of  the  ear,  of  the  Eustachian  tubes,  the  interarticular  disks,  the  intervertebral 
cartilages,  the  cartilages  of  Santorini  and  of  Wrisberg,  and  the  epiglottis.  Its  structure 
has  been  very  closely  and  successfully  studied  by  Sappey,  who  has  ai-rived  at  results  dif- 
termg  considerably  from  those  obtained  by  other  observers. 

According  to  Sappey,  fibro-cartilage  is  composed  of  true  fibrous  tissue,  with'  a  great 
predommance  of  elastic  fibres,  fusiform,  nucleated  fibres,  a  certain  number  of  adipose 


«,  flbro-cart^lage ;  6,  connective  tissue.   In  this  preparati/n,  the  cartilag^tf  been  boUed  and  dried. 

^^^Z^^S^  numerous  blood-vessels  and  nerves.  The  presence  of  cartilage- 
more  tZ  fiK        1    '  «t™«t'^re  is  very  much 

f^^darn  rsubstanl  oT'^^^^^^^^^^  '^'"n  "^'^r^'  ^^'^  ^^^^^  '"^^  homogeneous 
structure  of  tM«7         Jz  ^^^t'lage.    The  most  important  peculiarity  in  the 

tTc  rea  er i    Xr^ed        ''v  ^'^'^'^^'^  "^P"^'^^  ^'''^  blood-vessel  and  neLs. 
In  some  works  Ion  X,  1  ""^'^ir  ^  °f      ^°«on  of  the  muscles. 

leapZ  swTmZref^r  t°'^'  Z  descriptions  of  the  acts  of  walking,  running, 

to  e^te;  a™Sv  as  lo?,  7t      "  '^"^^  ''''''  ^"^j^-^*^'  than 

^escriptions^tlir:^^^^^^  --"^^  to  give  elaborate 

Voice  and  Speech. 
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11  1-        „^.iiiivA  OiP  Rorips  of  movements  that  constitute 
properties  of  the  brain  that  e^^^^^^ 

articulate  angua^e ;  and  Z'^^^™^^  of  the  ihief  expressions  of  intelligence ; 
in  the  -t'^ll-t-l-Jr^l  iutLTo^^^  a  distinct  science,  inseparably  connected  with 

mod\fied  in  the  production  of  articulate  sounds^  variety  of  characters  as 

The  voice  in  the  human  ^'^I'J-^'J-^^"^ 

regards  intensity,  pitch,  -d  quah  y  and  J            Of  late  years,  this 

and  cultivation  aflords  ^^^J^^^^^^^^^  eminent  physicists  and  physiolo- 

has  been  the  subject  of  caieful  ^^ve           ^^J  _            ^^^^^^^  .^^ 

iimits  requires  a  knowledge  of  the  physics  of  sound 
and  the  theory  of  music,  a  full  consideration  of  winch 
would  be  inconsistent  with  the  scope  and  objects  ot 
this  work.  We  shall  content  ourselves,  therefore,  with 
a  sketch  of  the  physiological  anatomy  of  the  parts  con- 
cerned in  the  formation  of  the  voice,  and  the  mechanism 
by  which  sounds  are  produced  in  the  larynx,  without 
I    treatin-  fully  of  their  varied  modifications  m  quality. 
lt  Z\ot  be  necessary  to  treat  of  the  different  the- 
ories of  the  voice  that  have  been  presented  from  time 
to  time,  except  in  so  far  as  they  have  been  confirmed 
by  recent  and  complete  observations,  V^^tMy 
those  in  which  the  vocal  organs  have  been  studied  m 
action  by  means  of  the  laryngoscope. 

SJcetch  of  the  Physiological  Anatomy  of  the  Vocal 
Oraans.-The  principal  organ  concerned  m  the  pro- 
duction of  the  voice  is  the  larynx.  The  accessory  or- 
gln   are  the  lungs,  trachea,  and  expiratoi-y  --c  , 
and  the  mouth  and  resonant  cavities  about  the  face. 
The  lunrfurnish  the  air  by  which  the  vocal  chords 
t^^iown  into  vibration,  and  the  mechanism  of  tins 
ac  ion  is  merely  a  modification  of  the  process  of  expira- 
tton     By  the  action  of  the  expiratory  muse  es  the 
"tensity  of  vocal  sonnds  is  regulated.    The  trachea 
not  only  conducts  the  air  to  the  larynx,  but,  by  eer- 
tain  variations  in  its  length  and  '^-'^^^  ^'J'^^^^ 

^^^^^^^fz^  ^^^^^ 

^ti^'^iBB  ^^^^  °^  '^-'"'^ '''''' °'  ' 

"SBBZ^iBi  ^'T  Is  impossible  to  give  a  compete  account  of  the 
ratory  movements  of  the  can  be  made  to  undergo  in 


■Pio  ITO  —Longitudinal  section  of  t^J"^' 
man  larynx,  shoioing  the  vooal  chords. 
(Sappey.) 
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backward.  TLcy  consist  of  two  pairs.  The  superior,  called  the  false  vocal  chords  are 
not  concerned  in  the  production  of  the  voice.  They  are  loss  prominent  than  the  inferior 
chords,  althougli  they  have  nearly  tlie  same  direction.  They  are  covered  by  an  excessively 
thin  mucous  membrane,  which  is  closely  adherent  to  the  subjacent  tissue.  The  chords 
themselves  are  composed  of  fibres  of  the  white  inelastic  variety,  mixed  with  a  few 
clastic  fibres. 

The  true  vocal  chords  are  situated  just  below  the  superior  chords.  Their  anterior 
attachments  are  near  together,  at  the  middle  of  the  thyroid  cartilage,  and  are  immovable. 
Posteriorly  they  are  attached  to  the  movable  arytenoid  cartilages ;  and,  by  the  action  of 
certain  muscles,  their  tension  may  be  modified,  and  the  chink  of  the  glottis  may  be  opened 
or  closed.  These  ligaments  are  much  larger  than  the  false  vocal  chords,  and  they  con- 
tarn  a  very  great  number  of  elastic  fibres.  Like  the  superior  ligaments,  they  are  covered 
with  an  excessively  thin  and  closely  adherent  mucous  membrane.  The  mucous  mem- 
brane over  the  borders  of  the  chords  is  covered  with  pavement-epithelium  without 
cilia.  There  are  no  mucous  glands  in  the  membrane  covering  either  the  superior  or 
the  inferior  chords. 

It  has  been  conclusively  sliown  that  the  inferior  vocal  chords  alone  are  concerned 
m  the  production  of  the  voice.    Longet,  who  has  made  numerous  experiments  upon 
phonation,  has  demonstrated,  by  operations  upon  dogs,  that  the  epiglottis,  the  superior 
vocal  chords,  and  the  ventricles  of  the  larynx,  may  be  injured,  without  producing  any 
serious  alteration  in  the  voice,  but  that  phonation  becomes  impossible  after  serious 
lesion  of  the  mferior  chords.    This  being  the  fact,  as  far  as  the  mere  production  of  the 
voice  m  the  larynx  is  concerned,  we  have  only  to  study  the  mechanism  of  the  action  of 
the  inferior  ligaments  and  the  muscles  by  which  their  tension  and  relations  are  modified 
Mmcles  of  the  Zary^a^.-Anatomists  usually  divide  the  muscles  of  the  larynx  into 
extrinsic  and  intrinsic.    The  extrinsic  muscles  are  attached  to  the  outer  surface  of  the 
larynx  and  to  adjacent  organs,  such  as  the  hyoid  bone  and  the  sternum.    They  are  con- 
cerned chiefly  m  the  movements  of  elevation  and  depression  of  the  larynx.    The  intrinsic 
muscles  are  attached  to  the  difl^erent  parts  of  the  larynx  itself,  and,  by  their  action  upon 
tlie  articulating  cartilages,  are  capable  of  modifying  the  condition  of  the  vocal  chords 
ihe  number  of  the  intrinsic  muscles  is  nine,  consisting  of  four  pairs  and  a  single  muscle 
in  studying  the  situation  and  attachments  of  these  muscles,  it  will  be  useful  at  the  same 
time  to  note  their  mode  of  action. 

Bearing  in  mind  the  relations  and  attachments  of  the  vocal  chords,  we  can  understand 
precisely  how  they  can  be  rendered  tense  or  loose  by  muscular  action.  Their  fixed  point 
IS  m  tron  ,  where  their  extremities,  attached  to  the  thyroid  cartilage,  are  nearly  or  quite 
n  contact  with  each  other.  The  arytenoid  cartilages,  to  which  theVare  attached  po^t  ! 
noily,  present  a  movable  articulation  with  the  cricoid  cartilage  ;  and  the  cricoid,  which  is 
nairow  m  fron  ,  and  is  wide  behind,  where  the  arytenoid  cartilages  are  attached,  presents  a 
movable  articulation  with  the  thyroid  cartilage.  It  is  evident,  therefore,  that  mfiscles  act- 
th!  SL?!  ^^^^^    ^  swing  upon  its  two  points  of  articulation  with 

Lrr  dl  jr  t '^'^'^^  Por«-       approximating  it  to  the 

ower  edge  of  the  thyroid ;  and,  as  a  consequence,  the  posterior  portion,  which  carries 
the  arytenoid  cartilages  and  the  posterior  attachments  of  the  vocal  chord  ,  is  depress  d 
This  a  tion  won  d,  of  course,  increase  the  distance  between  the  arytenoid  artilages  ami 
he  anterior  portion  of  the  thyroid,  elongate  the  vocal  chords,  and  subject  them  S  a  cer 
tam  degree  of  tension.  Experiments  have  shown  that  snch  k  effect  s  produced  bvle 
contraction  of  the  crico-thyroid  muscles.  pioauceu  by  the 

tilaI'rr"'K''"°°'     ^"^^  P"'"*'     ^^"^  ^^''^^-^  --^^-^         that  the  arvtenoid  car 

X  fn    Z^l  ^PP™^''^^,^^^  Po^terioriy,  though  perhaps  only  to  a llS  t 

Sords        . ;^"terval  between  the  posterior  attachments  of  the  voc 
Chords.    This  action  can  bo  effected  by  contraction  of  the  single  muscle  of  fb^  1 
(tl^e  arytenoid)  and  also  by  the  lateral  crico-arytenoid  muscles:  T^e  t^JStytetii  1^! 
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cles,  the  most  complicated  of  all  the  intrinsic  muscles  in  their  attochment^  ^^^^S^htrdT 
tioLftheiriibres,giveri^dityand— 

The  Pf  f      cnoo-aryteno.d^^^^^^^^^^^  .^^^ 
surface  of  the  cr.o.d  c^^^^^^^^^^^^  cartilages,  rotate  these  cartilages 

outwa  u  sei  n  ,  i   tory  movements  during  mspiration. 

tt„:rrin.;  cto:S".  tL  .oai^ca«on.  of  «,eir  action  .po„ 


■w""'^—   „  TniPi'nl  Diew  of  the '•nusdee  of  the  larynx. 

m.-Posterior.ie^oftkemn.clesc/thelaryn..      ^.o.  172.-Za^e,.i  ..e^«r/^^^_^ 

7  posterior  crico-arytenoid  muscle  ,  ,VLtoio  epU 

SieVn^'^Sr^^^^^^^^^ 
18,  lateral  thyro-hyoid  ligament. 

e--.  are  -  c..^^^^^^^^^^^^^^^ 

and  the  thyro-arytenoids.    The  toUowmg 

action:  situated  on  the  outside  of  the  larynx  at 

Crico-thyroid  M..cles.-These  m.s^^^^^^^^  «         nmscle  is  of  a  triangular 

the  anterior  and  lateral  portions  of  the  ™^        ^.om  the  anterior  and  lateral 

form,  the  base  of  the  triang  e  lookmg  Pf --^^^^.j  J^*^^  ,e  inserted  into  the  inferior 
portions  of  the  cricoid  cartilage,  and  ts  fibre^  ^^'^^^aaie  of  this  border  posteriorly,  as 
border  of  the  thyroid  cartilage,  «f  ^"^^  !!^7^  nervous  filaments  distributed 

far  hack  as  the  inferior  cornua.    1^°°^!^:^*^^^^ to  relaxation  of  the  vocal  chords; 
to  these  muscles,  noted  ^-"'^^^^^^^dlVhe  approximated  the  cricoid  and  thyroid  car- 
and,  by  imitating  their  action  ^^^^^'^^^^^^J'^l^^E        rendered  the  chords  tense, 
tilages  in  front,  carried  back  the  aryteno  d       '  ^^^^  ^^^^een  the  two  arytenoid 

Arytenoid  Muscle.--T:h\.  single  muscle  fi"; J /"^^  Its  action  evidently  is  to 

cartilages  and  is  attached  to  P-*--;^;^;^,:^  ^  constrict  the  glottis,  as  far  as 
approximate  the  posterior  extremities  of  the  cuoru. 
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the  articulations  of  the  arytenoid  cartilages  with  the  cricoid  will  nenmt  Tn 
this  jnusele  is  important  in  phonation,  aslt-serves  to  fix  Xe  p:  te.l  '  Lhln^ts  ITu!' 
vocal  chords  and  to  increase  the  efficiency  of  certain  of  the  other  intrfn  c  nu.  ele, 
lateral  Cnco-arptenoid  Muscles.-Tteso  muscles  are  situated  in  the  in  eJor  of  tb. 

these  muscles,  and  then  galva2Z  7rlZ^^^^^^^^  "IT'  T'^'  ''''''  ^'^'"^"'^'^ 

modifications  of  tL  vo^e  we  sS  ^^^^^'^^^-^^  °f  *e  vocal  chords  involved  in  certain 
of  these  muscles  TthlT^^^^^^^  "  '''''''      ^1^^--*  f-c-nii 

and  attachments  and^ irj^sTf  ttS  ''''  ''''''  ''''' 

^'^^t:^t:Z^Tf7^'^'r''^-  ^^^-^-broadandAat, 
half  of  the  thyroid  car  ikr  Frori  f    "  .'^"-t^yr-^l  -embrane  and  the  lowe^ 

fasciculi,  both  of  whTrr^atlcTefto^^;^ 
arytenoid  cartilages.    The  applfcatn  of t  v^^^^^^^^  T 

these  muscles  ha^s  the  elTo  fZ^^^^^^^  t  je  nervous  filaments  distributed  to 

:  sity  of  their  vibrations     The  ..reat  vn,^!.       IT  I  '  ^°<^r«asing  the  inten- 

.  quality  of  the  voice  brtheacLC?   "^^^^^^^^       T  T       P-^-ed  in  the  pitch  and 
-  chords  render  the  probl  m  of  d^ermSr/fb       ' '""'"^ 
.  muscles  of  the  larynx  exceedingly  o^aL^t  ,7^. 
i  in  these  muscular  acts,  the  thJro-arXnoids  Jnv  .   '  ^"""''''^ 

r  regulates  tbe  thickness  and  rigidit^S  tre  tc  rcbn  T^Cr*  P""*"  ''^^"^  <^'-^^-^^^on 
^  fies  their  tension.    The  swelling  of  the  chords  Iv      '  '^"^  "^"^i- 

:gressive  under  the  influence  of  the  w  Fl  i3  ol  ;ftrm  ^         T'"^''  ^'^'^ 
t  tion  of  the  timbre  of  the  voice.  important  agents  in  the  forma- 
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s:nd:;zr:S^:r:ir  ^  ^^^^^^  ^^-i- 

sons  of  the  larynx  with  different  kLl  nf  l''^  ^^"^d  compari- 

been  studied  in'action  by. froft^^^^^  instruments.    Before  the  larynx'had  . 

structure  of  the  parts  for  theTr  on  y  gu  deTesenf;.' 

mechanism  of  phonation,  wh^J  ^  'e  Cuen  1  "'*'"i  «P^«'^-«o'^«  with  regard  to 
^principle.    The  vocal  annaratl  wn  ^'^If       entu-ely  opposed  to  each  other  in 

nstrunients,  to  string-i  ^^^^^^^^^^^^^  theXf  T  -ed 
chords  any  share  in'the  son^u  '  vibrat  ons    An '^'^ 
'ocal  organs,  experiments  were  nldX^l  ft      °  '^PP'^^'^t^^/'^s  devised  to  imitate  the 
Wng  seemed  to  be  done,  indeed  ^xceprto  oblVf^r  ''^^  «-ery 

™o,  however,  after  the'larynglcope  Lmfinto       .rT"  "  ^  ^^^rt 

•■•oduction  of  vocal  sounds!   tTc  Sue  "a^^^^^^  '"f^  t^^e 

■emonstrated;  and,  while  it  has  not  Wn        n   F      ""'  """^  then  positively 

0  the  precise  mode'  of  acM^n  of  ee  a  rL's^L  th^  It     '^^^^^  '''''''  -^-^ 

^     y  respn  ation,  the  wide  opening  of  the  chink  during 
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■A  ,v,ncr.lp<!  can  bo  observed  without 
inspiration,  due  to  tbe  action  -^J^r ^  Z^^^or  point,  of  attacb^e.. 
difficulty.  This  action  is  ^^f'\}'l^.2L  During  ordinary  expirat.on,  none  of  t l  e 
of  the  vocal  chords  to  the  ^^'^ ^^^^^^^f  i'^J'^,  entirely  passive,  while  the  a>r  ,s  gently 
intrinsic  muscles  seem  to  ^^^'/^f^^^J^^^^a  of  the  thoracic  walls.  But,  as  soon  as  an 
forced  out  by  the  elasticity  ot  ^^'^St  appearance  of  the  glottis  undergoes  a  re- 
effort  is  made  to  produce  a  ^"^f^^'^J^^J^^ 

^.arkable  change,  and  it  ^econjes  jdi^^^^^^^^^^^  the  ^^^^^     ,,,„-„e  A^- 

the  different  changes  in  pitch  ^"J/f  p,„duced,  and  even  that  words  niay 

though  it  is  sufficiently  ^^''^'''l'^'''' phonation  is  effected  durmg 
le  articulated,  witb  the  act  of  "J  J^^^  ^.^^nf  .-ior  vocal  chords  alone  are  concerned 
expiration  only.    It  is  evident  also,  that  tiie  ^^^^^^^       ^,^^^1  ^^^^y  first 

LLs  act.    The  changes  m  ^^l^^^^^J^^,^;:,,  afterward,  as  the  chords  act  in  the 

TOuedmoamc  ,,  i,  somewhat  aiffi»»l' to  otacrve 

the  l.r»ng08001»  «11  of  the         P'  ™°  n""- espectallj  durmg  the  producl.on  of 
con  deUloportioaot  the  ,oc.l  *»'^  ,^7^: L 'oLucd  him  to  overeome  most  . 
ceifm  toner.;  but  the  pat.ence  most  taporta.t  quesUom wrth 

toe  difficulties,  and  to  '"'"'"  .fS    It  Is  J»rt«»«te  that  these  obserr.- 

TZi  to  the  mo,ements  of  the  Inrji"  »  ""^mS-    '  ^  erse^vlng  study, 

S^Meh  a..e  »ode.  of  ee^^^^^^^^  —J  ^d  l^etica,,.  in  the  hno.iedge  of 

^etd'  "^sZZXf^  c:::,.ol  0,e..  th-"^^^^  „,  „  .e  h.™ 

-•^^^  '  -         '        borders  capable  of  accurate  v»^^^^^^  ^^.^.^^ 

^    ^1^^  The  approximation  of  ^^^f  f  ,™\,,tion  of  certain  of 

'^^^^  vocal  chords  -^*^-Va«Shed  just  before  the  vocal 
the  intrinsic  muscles  -e  accom^sh  _^  3^^^^^  ^^^^  ^^^^^^.^^ 

effort  IS  actually  ^^'^^^ ,.  ,  ,^/„„,,^d  the  expiratory  mus- 
for  the  emission  of  >  "^^^^^^^^h  the  required  power, 
cles  force  air  ^--^f  f.^X'-ined  voice  can  be 
It  seems  wonderful  bow  ^J^^J^^^^^^^  i^.i^^ing  the  in- 
.v^^^  "^™^'^'L  so  completely  under  control; 

m.-Giomjeen  tensity  of  vibration,  which  is  s        F  .^^  ^^.^^^ 

K?,T;&"rri'  (LeBon,        When  we  consider  the  el^^^S  ^.^^^tions  of  ten- 

,,2,£:ofti tongue;  M.^P^^^i  ,en,ember,  in  e^Pj^^'^^^^"' ^ Ja'  the  differences  in  the 

|a"^eB^nr"o^pen?n/t?w^en  the   ^.^^  length  of  the  ^OCal  chord 

SSf  JicaichUs;  9,  aryteno-ep.  t,^ehea,       ^.^^'^^^^^^^^o,:  ^ocal  organs 

tt;  ^tc^S "l^ni  and  the  different  -^^^-^^f  *  ,  of  be  voice  is  sinipLv 
KXSb-  can  be  made  to  -^unie.^^  The  p^ower  0^^  ^^^^^^ 

^        tl.«  force  of  the  expiratory  act,  which  is  regu  a 

empirical  mothods,  to  0^0^0X1100  of  vocal  soun 

knowledge  of  the  meolianlsm  of  tUo  prouu 
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tions  of  the  diaphragm  and  tl.e  abdominal  muscles.  From  the  fact  that  tho  dianhra.nn 
as  an  active  inspn-atory  muscle,  ,s  exactly  opposed  to  the  muscles  wLicli  have  a  tenden  J 
to  push  the  abdommal  organs,  with  the  diaphrag.n  over  them,  into  the  thorac  c  caX 
and  thus  to  dnnm.sh  the  pu  monary  capacity,  the  expiratory  ^nd  inspiratoryTcts  ma"; 
be  balanced  so  nicely  that  the  most  delicate  vocal  vibrations  can  be  produced  tZ 
glottis,  thus  closed  as  a  preparation  to  a  vocal  act,  presents  a  certain  amount  o  resi 
ance  to  the  egress  of  air.  This  is  overcome  by  the  action  of  the  expiratoiy  muscle  " 
and  with  the  passage  of  air  through  the  chink,  the  edges  of  the  opening,  4hich  a^^fo  n  ed 
by  the  true  vocal  chords,  are  thrown  into  vibration.  Many  of  the  different  ouaires 
that  are  recognized  in  the  human  voice  are  due  to  differences  L  the  kngS  breadtlf  aM 
thickness  of  the  vibrat  ng  ribbons-  but  I'lidfi  frr.m       f  •  +    i    •  ureaatn,  ana 


If  we  emit  veiled  and  feeble  sounds,  the  larynx  opens  at  the  notes  r^.—]  — 

and  we  see  the  glottis  agitated  by  large  and  loose  vibrations  through-  S^=^^ 
out  Its  entire  extent.    Its  lips  comprehended  in  their  length  the 


^Zr^^Z^X:^::-''  »  — ^  -ords;  buCl're^^t  it, 
and  as  soon  as  we  reach  tlie  souZTr^^^^^^^' T-T^?''^^'^'''^'^ 


and  as  soon  as  we  reach  tlie  sounds  r-fc--   —  — ^     -'^eiengtu  oi  tiie  glottis; 

throughout  their  whole  extent  •  Z7 ,1        ^  '""^ 

..fixed  one  against    the   other  at  tl     ^^^^''''T^^^^l^^^^y  ^^^^^^J 

morgans  these  summits  are  a  little  va-           =i    do  °      5$===— 1°  some 


fo™ed  .,0, « certain  ™«;7  p;rH7«;7s;;s~  ^ 

the  vocal  ligaments  alone,  up  to  the  end  of 


purer,  are  accomplished  by 
the  register.  ~*T~t^- 
"The  glottis  at  this 


-EO  we  had  an  opportunityTobservit  «  e  S  Tl  "  ^  ''"^  ^^-"^ 

:l>e  production  of  ™cal  sounds  of  l^ffl^f  ^  '  ''^  ^^"^         °^  ^lu^g 

^Phraim  Cutter,  o^Bo  ton     Tn^^^^^^^^  °^  P^'^^^'  ''^^'^-Sb       kindness  of  Dr 

'llu.led  were  iH^st  af^b^au  l^TcC^  P^^"^*^  *°  -^-^ 

^o-ddbemorestrikino-thaii  the  :!^^^^^  ^"'^^'^  n°tWng 

to  high  notes     We  h  Je         f     '°  transition  from 

■lottis  in  pronation  in  exptlLt^  upraTil^'""^  I'^i  ^^"^^^^  ^^^P^^''-^^- 

0  view.  Penments  upon  ammals  m  which  the  glottis  has  been  exposed 

cters  of  the  mall  as  distinguiSe  w  ^^^^  '  '  f"-''---  -^'1^  char- 

ifferent  vocal  registers    In  cl  il  Iho^^  It  female  voice,  and  with  what  are  known  as  the 
same  in  both'exes.    The l^fux  il^t^^^^^      characters  of  the  voice  are  essentially 
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1      f  At  tliis  age  the  voiceB  of  boys  are  capable  of  conBideruHe 

of  tbe  soprano  and  contralto.  ' ,         ,^^^^3  prized  in  churcb-mus.c.  After 

cultivation,  and  their  peculiar  ciuahty  s  Bomet.^  ^^^^^^^ 

the  age  of  puberty,  the  leraalo  ^° '^'^/'^J  .^^^^  and  increased  compass,  the 

change,  except  in  the  ^^^^'^^^^^,^1  ^^T^^^^^^  change  at  this  time  ,n  the 

qnality  remaining  the  same;  ^^'.J^^^,,,^,,  an  entirely  difierent  quahty  of  tone, 

development  of  the  larynx  ^nd  the  vmee  as™  ^^^.^^  ^. ^.^ .  ^^^.^ 

This  change  does  not         ^  take  p  a  e  for  the  pu^^ose  of  pre- 

operation  was  frequently  ^e  ox^^^^^  ^  ^^,.^^,,1^        church-mu.e.  It 

serving  the  qualities  of  the  sopiano  ^.^^^^ 
is  only  of  late  years,  indeed  that  this  P^^^f^^-^^^^^^^^i,^    given  by  Muller  as  equal  to 
tL  ordinary  range  of  al  -"f^^.^^^^^^^^^^^^  a'compass  of  more  than  two 

nearly  four  octaves;  '^^'^VZtlZ  in  which  singers  have  acquired  a 

:nd  I  half  octaves.  There  -ampk,  ^--J  ^^^^^^  ^^.g,,,  Mme.  Parepa-Eosa, 
compass  of  three  octaves  and  even  ^^  '■  J''^  f^om  sol,  to  sol.   In  music,  the 

had  a  compass  of  voice  ^^^^^^ZTJ^  h  file  voice,  but  the  actual  value  of 
rferainrs,";t;rrm^^^^  of  .bratlons  in  a  second,,  always  an 

^Mch  it  is  impossible  for  a  '^*f  ^^^^^^f  ^1^^^^^^  barytone.  In  the  female,  we 
bass  and  the  tenor,  with  an  mtermediate  voice,  ^^^^  ^nezzo-soprano.    In  the 

have  the  contralto  and  the  -P--^-t  n"eX  mo^t natural  and  perfect;  and, 

division.  -^j^ller  gives  the  ordinary  ranges  of  the  different 

j3':/tc:nr.rre:is;"i.^-  . .... 

these  limits  are  very  much  eioeeded ; 


sol  la  si  do 
•  4  6 


t 


TENOB. 


There  is  really  .0  great  —  ^  ^  —  ^ 
and  the  differences  in  pitch  are  due  ^^^^l^^st S  Z^^r  loices.    The  differences  ^ 
Se  fow-pitched  voices        to  th.ir  sho^^^^^^^^^^        ^/^^^^  ^0/^^--;;^  ^.^l, 

quality  are  due  to  pecuhanties  m  ^^e  ^^^j^ary  resonant  cavities.  Grea 

Te  and  to  variations  in  the  size        f°™  ^^^.^^      practice.    A  cultivated  note,  for 

be  considered  farther  on.  PAonatwn.-It  is  much  mo 

Action  of  the  Intrimic  Muscles  of  the  mry 
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cult  to  find  nn  entirely  satisfactory  explanation  of  the  different  tones  produced  by  the 
Immaa  larynx  in  the  action  of  the  intrinsic  muscles  than  to  describe  the  changes  in  the 
tension  and  relations  of  the  vocal  chords.  These  muscles  are  concealed  from  view  and 
the  only  idea  that  we  can  have  of  their  action  is  by  reasoning  from  a  knowledge  of  their 
pomts  of  attachment,  and  by  operations  upon  the  dead  larynx,  either  imitating  the  con- 
traction of  special  muscles  or  galvanizing  the  nerves  in  animals  recently  killed  In  this 
way,  as  we  have  seen,  some  of  the  muscular  acts  have  been  studied  very  satisfactorily 
but  the  precise  effect  of  the  contraction  of  certain  of  the  muscles,  particularly  the  thyro- 
arytenoids, IS  still  a  matter  of  discussion. 

In  the  production  of  low  chest-tones,  in  which  the  vocal  chords  are  elongated  and  are  at 
the  mininum  of  tension  that  wiU  aUow  of  regular  vibrations,  the  crico-thyroid  muscles  are 
undoubtecUy  brought  into  action,  and  these  are  assisted  by  the  arytenoid  and  the  lateral 
cnco-ary  eno.ds  which  combine  to  fix  the  posterior  attachments  of  the  vibrating  liga- 
ments It  will  be  remembered  that  the  crico-thyroids,  by  approximating  the  cricoid  and 
thyroid  cartilages  m  front,  have  a  tendency  to  remove  the  arytenoid  cartilages  from  the 
anterior  attachment  of  the  chords.  5 

As  the  tones  produced  by  the  larynx  become  higher  in  pitch,  the  posterior  attach- 
ments of  the  chords  are  approximated  more  firmly,  and  at  this  time  the  lateral  crico- 
arytenoids are  probably  brought  into  vigorous  action. 

The  toction  of  the  thyro-arytenoids  is  more  complex;  and  it  is  probably  in  great 
,  part  by  the  action  of  these  muscles  that  the  varied  and  delicate  modifications  in  the 
I  rigidity  of  the  vocal  chords  are  produced. 

The  remarkable  di&erences  in  smgers  as  regards  the  purity  of  their  tones  are  undoubt- 
,  dly  due  in  greatest  part  to  the  unswerving  accuracy  with  which  some  put  the  vocal  chords 
upon  the  stretch;  while,  m  those  in  whom  the  tones  are  of  inferior  quality,  the  action  of 
th  muscles  is  more  or  less  vacillating,  and  the  tension  is  frequently  incorr  ct.  The  fact 
itl  T  ''^^^^f  ^-i.^-g^rs  can  make  the  voice  heard  above  the  combined  sounds  from  a 
large  chorus  and  orchestra  is  not  due  entirely  to  the  intensity  of  the  sound,  but  in  a  grit 
mensure  to  the  absolute  mathematical  equality  of  the  sonorous  vibration  andThe  cor^ 
parative  absence  of  discordant  waves.  Musicians  who  have  heard  the  voice  of  the  c7e- 
.b  a  ed  basso,  Lablache,  all  bear  testimony  to  the  remarkable  quality  of  hi  vo  ce  wh 
could  be  heard  at  times  above  a  powerful  chorus  and  orchestra     A  grand  illustration  of 

^^o^V^l^^^^^^^^^^  ^  heard  sorring 

voictil'oftf/''T7  ^"""^  Organs.- A  correct  use  of  the  accessory  organs  of  the 
orm    e    f^LSn  ?  e"'T- "  '  ^^^^  tliesf  part  per! 

tion.    Z  ZmZ  ZT.r  does  not  require  a  very  extended  descrin- 

mdofcerta  ZbesTnT   ''^.^^^'^ V    T'v'°""^' °'  '  ^'^'•^^'^S  instrument,  the  larynx, 
Tl le  tiS  L  T  T      ^^''^       ^^^""^     reen^rced  and  modified. 

•ul  vocalTff ^     .  ''"'""^^  °f     ™     ^°t''"or.    When  a  powe7 

hortened  nnrl  ^  ru  ■  ■  \  ,  production  of  low  notes,  the  trachea  is 
_^^^^ened  and  its  cahber  is  increased,  the  reverse  obtaining  in  the  higher  notes  of  tbo 
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.    1^      c  1  +i,nt  t>iP  pfroacitv  of  its  cavity  is  capable  of  certain 
Coming  to  the  larynx  itself,  ^v^.^f^^^Jj  ^^^^^^        are  dinnnished  in  Ligh 
variations.    In  fact,  ^^^^  ^^^^'^^fj^^^^^^^ ^  may  be  modified  .ligbtly 

Botes  and  are  ^^^""^^^^'^Vthe  rue  vocal  chords,  and  the  lateral  diameter  may  be  reduced 
by  ascent  and  descent     *     ^  ue  vocal  ,  ^^^^  ^.^^^     ^^^^  ^^^^^^.^ 

by  the  inferior  <:°°^f '^^^^^     j^^'^Crds,  and  L  ventricles,  are  by  no  means  mdis- 
The  epiglottis,  the  -H^^nor  voca  c,  or^  ,  ^^^^.^^  ^^^^^^  ,pig,,tt,B 

pensable  to  the  production  ot  vocu  souna.^  nearer  together ;  but  this 

L  somewhat  depressed,  and  the  "^^^^     th,  glottis.    In  low  notes  the 

only  affects  the  el-racter  of  tbe  r— ^^^^^^^  ^^^^ 
superior  chords  are  separated.     J*^^  °f '^'^^  ventricles  were  thought  to  be  so  important 
vocal  phenomena  that  '^^Z'      M^^^^^^  o  do  with  the  character  of  the 

voice;  but  its  function  m        ^  .  excising  the  part  in  Imng  animals, 

as  has  been  clearly  shown  ^^^^P  "^f  ^^^J  ^^'i,,  J^a,  are  produced  by  the  reso- 
The  most  important  modificat  ons  o   ^^^^^'^^f  indispensable  to 

nance  of  air  in  the  pharynx,  month,  ^-^J^'^^^  ^^^^^^^^  conditions,  in  the  production 
the  production  of  the  ^-^^^  .^^^^^  ^he  acUon  of  its  muscular  fibres,  so  that  there  is 
of  low  notes  the  velum  palati  is  fixed  ^[       '^^^^^^  e.vities;  that  is,  the  velum  is 

a  reverberation  of  the  bucco-pharyngeal  "^^^^Te  nose  |or  into  the  mouth  is  closed,  and 
in  such  a  position  that  neither  the  oP^'^g^^  °  the  isthmus  contracts,  the  parthume- 
all  of  the  cavities  resound.  As  ^^^'l^^'o^^^^^^^  of  the  pharynx  and  mouth 
diately  above  the  glottis  is  also  ^""f^S^eTnotes  of  the  chest-register,  the  commumca- 
is  reduced  in  size,  until  finally,  m  the  ^^'^itsst  s  closed,  and  the  sound  is  reenforced 
tion  between  the  pharynx  and  the  '^^f/"  f  ^;;;time  the  tongue,  a  very  important 
entirely  by  the  pharynx  and  .7"^-  ^^^^^  ^^^rhigh  notes,  is  di-awn  back  into  the 
organ  to  singers,  particularly  m  the  V^^dM     J  ^  posteriorly  and 

mouth.  The  point  being  curved  ^-^"^  ^^^^^^  ^  Jnges  which  the  pharynx  thus 
assists  in  diminishing  the  capacity  of  <^ie  cavity  ^elmn  and  assists 

undergoes  in  the  production  of  different        |  ,,,1^,  this  is  the  mechanism, 

in  the  closure  of  the  different  oP^^^n  Lwever  we  pass  into  what  is  known  as  the 

sion  even  among  those  who  have  studied  the  ^^^^  tty  weU  settled 

tol  exactmeclanismof  tb^^i^?--*  ^^^^.^^^^ieg  ster  are  produced;  but  with 

bow  the  ordinary  notes  of  -^^^^.^^^  J^ie  way  oT  direct' observation  are  so  great,  that 

.egard  to  the  falsetto,  the  difficulties  «^  definitively  established, 

the  question  of  its  mechanism  cannot  be  said  to^^^^^^^ 

The  following  are  the  voca  ^"^g^^^^r ^f^^^^^f^oices  and  in  contraltos,  and,  indeed, 
1  The  chest-register,  most  powerful  in  male  vo 
almost  characteristic  of  the  male    _  ^^^^  3oprano ;  though  this 

^Z:^:^^^-^-^^^^^^  of  the  glottis  and  the  resonant 

3.  The  head-register,  produced  by  a  P^J^^^^^^^^^^^^^         tenors  and  in  the  female, 
cavies  above  the  larynx.    This  is    f^^*  voice,  a  practised  ear  can  find 

Aside  from  the  three  registers,  0  e^  e  y        ,       ^^^^^^  ^^^^^^  ^ 

vS.?iltY  in  distinguishing  the  different  voices  m  "^^^  ^       ^         the  low  notes  are 
1°      tln^the  Smale,  by  the  following  pecuharities  ■}^Jr,,,rn  more  or  less  artifi- 
ull  r  :r  1  anrpow^-ful,  Ind  the  ^^^^^ :Z  in  the  scale  is  gen- 
S "in  singin.,  the  passage  ^l^^^Tlt -tes  are  higher  in  the  scale, 
erally  more  or  less  apparent.    In  the  tenor 
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the  lower  notes  being  almost  always  feeble  and  wanting  in  roundness.  Corresponding 
peculiarities  enable  us  to  distinguish  between  the  contralto  and  the  soprano. 

Cheat-Register. — We  shall  simply  recapitulate  briefly  the  mechanism  of  the  chest- 
notes,  to  enable  us  to  study  more  easily  the  transitions  to  the  diflferent  upper  registers. 
This  is  the  voice  commonly  used  in  speaking,  and  it  is  the  most  natural,  the  vocal  liga- 
ments vibrating  according  to  their  tension,  as  the  air  is  forced  through  the  larynx  from 
the  chest,  and  the  air  in  the  pharynx,  mouth,  and  nasal  fossoo  producing  a  resonance 
without  any  artificial  division  of  the  different  cavities.  As  the  notes  are  elevated,  the 
vocal  chords  are  simply  rendered  more  tense,  and  the  parts  above  the  larynx  are  more 
or  less  constricted,  without  any  other  change  in  the  mechanism  of  the  sound.  But  the 
chest-voice  in  the  male  cannot  pass  certain  well-defined  limits;  and  in  the  very  highest 
notes  it  must  be  merged  either  into  the  head-voice  or  the  falsetto.  The  falsetto,  how- 
ever, is  now  but  little  cultivated,  although  some  tenor  singers,  after  long  practice,  succeed 
in  making  the  change  from  one  register  to  the  other  so  nicely  that  it  is  hardly  perceptible, 
even  to  a  cultivated  ear.  The  head-voice  has  essentially  the  same  mechanism  in  the 
male  as  in  the  female,  and  this  will  be  considered  after  we  have  discussed  the  falsetto, 
which  is  the  natural  voice  of  soprano  singers. 

Falsetto  Register.— The  difierence  of  opinion  among  laryngoscopists  with  regard  to 
:  the  mechanism  of  the  falsetto  is  probably  in  great  part  due  to  the  fact  that,  when  these 
i  notes  are  produced,  the  isthmus  of  the  fauces  is  so  powerfully  contracted  that  it  becomes 
.  exceedingly  difficult  to  study  the  action  of  the  vocal  chords.  There  is  no  reason  for  sup- 
1  posing  that  the  mechanism  of  this  register  does  not  involve  vibration  of  the  true  vocal 
I  chords,  as  in  the  chest-voice,  the  difference  being  in  the  tension  and  in  the  extent  of  the 
•  vibrating  portion.  According  to  the  observations  of  Fournid,  in  the  falsetto  the  tongue 
:  is  pressed  strongly  backward  and  the  epiglottis  is  forced  over  the  larynx.  Mrs.  Emma 
;  Seller,  from  an  extended  series  of  autolaryngoscopic  observations,  has  arrived  at  the  con- 
.  elusion  that  this  voice  involves  vibrations  of  the  fine,  thin  edges  of  the  chords  only  a 
-  greater  width  vibrating  in  the  production  of  the  chest-voice.  She  is  particularly  careful 
t  to  insist  upon  the  distinction  between  the  falsetto  and  the  head-register,  the  latter  being 
I  produced  by  an  entirely  different  mechanism.  On  the  whole,  this  explanation  seems  to 
be  the  most  satisfactory. 

It  must  be  remembered  that  the  distmction  between  the  chest-register  or  the  head- 
'  register  and  the  falsetto,  as  far  as  pitch  is  concerned,  is  not  absolute.   Certain  of  the  hi-h 
« notes  of  the  chest  or  the  head-voice,  for  example,  may  be  produced  in  the  falsetto.  In 
th  cultivation  of  the  female  voice,  Mrs.  Seiler  considers  that  it  is  exceedingly  important 
TJ.%Tr        '  *°      ^'g^e^t  Voint,  but  to  use  each  register  in  its  normal 

place  in  the  scale,  taking  care,  by  practice,  to  render  the  transition  from  one  to  the  other 
-natoal  and  agreeable.    We  have  heard  male  singers,  probably  endowed  with  peculiar  • 
onloT'''  I  ^/  of  the  falsetto,  to  imitate  almost  exactly  the 

opiano  voice,  though  without  the  sweetness  and  purity  of  tone  characteristic  of  the  per- 
ec  female  organ.  In  the  same  way,  by  straining  the  chest-voice  beyond  its  normal 
of  t£  teTor  tirahty.'  ^'^^'^"^"'"^^  ^^e  to  produce  a  very  good  imitation 

■feraSf  .Tf 'T;~™'7f 'J'  ^'^^^^  cultivated,  particularly  in  tenors  and  in  the  best 
o^e  nhvsin     ■  1"      confounded,  however,  with  the  falsetto,  as  was  done  by 

TZlt'clTT,     T  °'       laryngoscope.    Head-notes  may  be  pro 

eldol  r         ''^"']'''°^'''''  ^"^^  ^«  tenor;  but  the  former 

relt  effel  ^^^^  ^^^^      exquisite  softness  and  are  used  witl° 

iZn         r  "^''^'^^  '^''^''^  '^""^^  transition  to  the  head-voice  the  veTum 

Tom  the         1  ''''  '''''  *^<^  -  reenforced       .  oni™ 

XtsT;:s::s^;s^  «tudy  with  tL  i::;rg:- 
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Mrs.  Seller.    After  loug  and  patient  ^^^^  f^  J^^^  j.ords  were  firmly  approxi- 

production  of  these  notes,  ^'^^^^ 7;^.;°7;ith  vibrating  edges,  involving  only  one-l.ulf 
niated  posteriorly,  "^'t^s  ^rTfice  contracted  progressively  with  the  higher 

local  ligaments,  .s  t»  »  f  ^""^^^^^^^^^^^    ^  * fte  midSl,  register  to  the  Leaa-volce  i„ 
With  proper  cultivation,  the  tiansraon  ,,,„.t„  increasing  tlio  compass  from 

the  female'  may  he  -effected  ^-^^XS^  ma  e  te  lal.:^^  helccomplished  .ith- 
three  to  six  notes,  and  even  moie ,  ^nd  m  tne  ^^^^  ^^^^^  t^,^ 

out  difficulty,  particularly  -^^-^^^  J^^^STthe  I'sonanco  that  takes  place  in  head- 
naso-pbaryngeal  space  is  ^^^^^^  '.i^eult     The  distinction  between  the 

notes  though  its  actual  ^-^'^^''''^'''^  'J^^^^^  but  it  must  be 

Bead  'and  the  chest  notes  is  ^^Uy  -  marked  -   -  -     J  of  the  human 

-  "-^^^ 

Mechanism  of  Speech. 

nr^t^nnal  series  of  sounds  made  for  the  purpose 
Articulate  language  consists  m  a  ^^^^^J^^^f^.^';;,^^^  l,,g,age,  we  must  confine  our 
of  conveying  certain  ideas  There  bemg  ^^Z^^LJon  o'f  the  language  in  which 
description  of  the  faculty  of  speech  to  - -^J^  ^  ,  purely  imitative  and  does 
this  work  is  written.  Language,  as  it  is  ^^7^"^  ^^^..^t '  ^ith  its  combinations  mto 
Z  Tvolve  of  necessity  the  --7f;°;;,.l:Lfha  advanced,  we  have  been  taught 
syllables,  words,  and  sentences;  ^^'^^'^^^f^^^^^  elegance  with  whicli  ideas  are 
7o  associate  certain  differences  in    be  a  -^^^^^^  the  intellectual  facul  ie. 

expressed,  with  the  degi-ee  «f  ^^7^  "J^^^^^^^^^^^  standard-varying,  to  some  extent  i  is 
Philologists  bave  long  ^'^^^^^^^^^'^/J but  still  sufficiently  definite-by  wh  cl 
true,  w?tb  usage  and  the  advance  of  do  ^ot  propose  to  discuss  the 

tbe  Correctness  of  modes  of  expves.onj  measm  ^^^^^^  ^^^^^.^^ 

science  of  language,  or  to  c^^-^J'  *J  ^  to  take  our  own  tongue  ^^^e  find  it  and 
tions  concerned  in  the  expression  of  id  as^^^^^  j^p^rt^nt  articulate  sounds, 

describe  briefly  the  mechanism  o^^^^  exact  correspondence  between  ts 

limost  every  language  is  imperfect  as  fai  as^an  e  ^^^^  incongruities 

-u^rirns^:^rr^^^^^^ 

^„.,._Certain  artionl.te  •0^''^' ^olTjl  X'p.»  ' 
are  produced  V,  the  Tocal  chords  and  arc  "  'l'"^,^  and  n,.J  be  prolonged 

Z^Thctr^,.,......^ 

i:r£L*,.»:p»-tY,tr<s:t:i:^^^^^ 

Z^be  cb*f  Srences  being  as  they  ^^^^^^^h^et  niay  be  combined  so  as  to  be; 

tripl^tbongs.    In  the  proper  diphthongs,  as  , 
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the  improper  diphthongs,  as  m,  in  heat,  and  in  the  Latin  dipbtliongs,  as  m,  in  Ctosar,  one 
of  the  vowels  is  silent.  In  triphthongs,  as  caw,  in  beauty,  only  one  vowel  is  sounded, 
r,  at  the  beginning  of  words,  is  usually  pronounced  as  a  consonant;  but  in  other  situa- 
tions it  is  pronounced  as  e  or  i. 

A  very  curious  and  interesting  inquiry  relates  to  the  differences,  with  which  we  are 
all  familiar,  in  the  quality  of  the  different  vowel-sounds  when  pronounced  with  equal 
pitch  and  intensity.    The  cause  of  these  differences  was  studied  very  closely  in  the  latter 
part  of  the  last  century,  but  it  has  lately  been  rendered  very  clear  by  the  elaborate  and 
convincing  researches  of  Helmholtz.    In  this  connection,  it  wOl  be  sufficient  to  indi- 
cate the  results  of  modern  investigations  very  briefly.    When  we  come  to  study  the 
physics  of  sound  in  connection  with  the  sense  of  hearing,  we  shall  see  that  nearly  all 
sounds,  even  when  produced  by  a  single  vibrating  body,  are  compound.    Helmholtz,  by 
means  of  his  resonators,  has  succeeded  in  analyzing  the  apparently  sunple  sounds  into  dif- 
ferent component  parts,  and  he  has  shown  that  the  quality  of  such  sounds  may  be  modified 
by  reenforcing  certain  of  the  overtones,  as  they  are  called,  such  as  the  third,  fifth,  or 
octave.^   For  those  who  are  familiar  with  the  physics  of  sound,  the  explanation  which  we 
shall  give  of  the  mechanism  of  the  production  of  vowel-sounds  will  be  readily  compre- 
hensible.   The  reader  is  referred,  however,  to  our  remarks  upon  overtones  in  another  part 
of  this  work,  under  the  head  of  audition,  for  a  more  thorough  exposition  of  this  subject. 
This  should  be  read  in  connection  with  what  we  shall  say  here  of  vowel-sounds,  when 
the  whole  subject  will  be  sufficiently  clear.    We  may  pronounce  the  different  vowel- 
sounds  with  the  same  pitch  and  intensity,  but  the  sound  in  each  is  diff"erent,  on  account " 
of  variations  in  the  resonant  cavities  of  the  accessory  vocal  organs,  especially  the  mouth. 
It  has  been  ascertained  experunentally  that  the  overtones  in  each  instance  are  different," 
as  they  are  reenforced  by  the  vibrations  of  air  in  the  accessory  vocal  organs,  in  some 
1  instances  the  third,  in  others,  the  fifth,  etc.,  being  increased  in  intensity.    We  cannot 
i  illustrate  this  better  than  by  the  following  quotation  from  Tyndall,  in  which  modern 
!  researches  have  been  applied  to  the  vowel-sounds  of  our  own  language : 

"  For  the  production  of  the  sound  U-{o  o  in  hoop),  I  must  push  my  lips  forward  so  as 
t  to  make  the  cavity  of  the  mouth  as  deep  as  possible,  at  the  same  time  making  the  orifice 
>  of  the  mouth  small.  This  arrangement  corresponds  to  the  deepest  resonance  of  which 
:  the  mouth  is  capable.  The  fundamental  tone  of  the  vocal  chords  is  here  reenforced,  wliile 

•  the  higher  tones  are  thrown  into  the  shade.    The  Uis  rendered  a  little  more  perfect 
■  when  a  feeble  third  tone  is  added  to  the  fundamental. 

"  The  vowel  0  is  pronounced  when  the  mouth  is  so  far  opened  that  the  fundamental 
tone  Ts  accompanied  by  its  strong  higher  octave.  A  very  feeble  accompaniment  of  the 
third  and  fourth  is  advantageous,  but  not  necessary. 

"The  vowel  A  derives  its  character  from  the  third  tone,  to  strengthen  which  by  ■ 
resonance  the  orifice  of  the  mouth  must  be  wider,  and  the  volume  of  air  within  it  smaller 
tnan  in  the  last  instance.  The  second  tone  ought  to  be  added  in  moderate  strength,  whilst 
»  weak  fourth  and  fifth  tones  may  also  be  included  with  advantage. 

^  "To  produce  ^the  fundamental  tone  must  be  weak,  the  second  tone  comparatively 
'Strong,  the  third  very  feeble,. but  the  fourth,  which  is  characteristic  of  this  vowel,  must 

•  ne  intense.    A  moderate  fifth  tone  may  be  added.    No  essential  change,  however,  occurs 

Z  TJ  t'^'f"''  °^        '""""^  ^^^"^  fiftli  tones  are  omitted.    In  order  to 

-exalt  the  higher  tones  which  characterize  the  vowel-sound      the  resonant  cavity  of  the 
imoutn  must  be  small. 

nl  J/^i,*''"  production  of  the  sound  ah  !  the  higher  overtones  come  principally  into 
"''^y      entirely  neglected  ;  the  third  rendered  feebly  ;  the  higher 
tones  particularly  the  fifth  and  seventh,  being  added  strongly  ^ 
in  vnJ       e'^'iraples  sufficiently  illustrate  the  subject  of  vowel-sounds.    We  may  blend 

0.  e  oTor^r  T-^'T'^'r  ''''  ''''''  iHBumeraWe  com- 

Po  .te  colors  by  their  admixture.    Out  of  violet  and  red  we  produce  purple,  and  out  of 
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,        T1.U9  also  may  elementary  sounds  be  blended  bo  as 
yellow  and  blue  wo  produce  white,    i"";  ^^^^^^^c^  the  human  voice 

to  produce  all  possible  "''^'''^tT.^^ltzlZM^  to  imitate  these  tones  by  tuning-forks,  and 
mto  its  constituent  tones,  ^f^^fll^^oTio  produce  the  clang-tints  of  all  the  voweln. 
by  combining  them  appropriately  togetnei,  i 

„_Some.t^  — 

^^^ZtL^::  Of  ^.-bl.  is  s^~  ^       ^  ,,ese 

The  consonants  known  as  ^^-^l^^^^J^int  Tn  character  the  true  vowel-sounds, 
have  an  imperfect  sound  ot  ^^^ZT^StS'  Ihich  they  flow  into  other  sounds, 
Some  of  these,  I,  m,  n,  and  r  ^  ^^^Xrdcd  the  consonants  with  reference  to  the 
are  caUed  Uquids.  Orthoepists  have  farther  dmdc  pronounced  with  the 

mechanism  of  their  pronunciation    d  j,  ^  t,  z  a     g       ,  ^^^^^^  palatals-  &, 

tongue  against  the  teeth  .^^f^/f  ^^'4'  calkd  kasols;  and  Ic,  and  o  and  , 
,,f,  and  m  are  caUed  labials  ^^CX'^on  we  have  given  of  the  voice,  it  is  not 
hard  are  called  gutturals.    Aftei        ^^^^^  J  .^^  ^^ets  of  articulation, 

necessary  to  discuss  farther  the        J?^^  ""'Jte  sounds,  absolute  integrity  of  the 
For  the  easy  and  P-P-  P^f ';f  J  ^..^^ef        L  all  acquainted  with  the  modi- 
mouth,  teeth,  lips,  tongue,  and  palate  ^^^T'^"        ^^^ities  resound  unnaturally,  from 
fications  in  articulation,  in  persons  m  wh^^^^^^^  1,3,  of  the  teeth 

imperfection  of  the  palate ;,  and  the     ght  V^^-'^^^^^^l  .^gardcd,  also,  as  an 

by  the  accessory  organs,  or  by  parts  situa  ed  ^^^^nl.Z  in  different  persons  and  the 

vocal  instrument.    Wl^il^*^7^^^;^  J^^J^  of  speech  have  been  formed  ^.ow 

difficulty  of  acquiring  foreign  languages  aft^^^^^^^^  1^  ^.^^  ,,,^,,ey,  their 

that  the  organs  of  articulation  must  P^  ^^^^^^ii^rities  of  different  languages.  The 
movements  are  simple,  and  they  vary  ^f^  ^^J^^'^^  ,,i,tions,  is  that  to  which  a  great 
most  interesting  question,  in  its  general  Pl^^  «  ^^^J^^  ^,,i,^,,m  of  the  production  of 
part  of  this  chapter  has  been  devoted,  and  tnat 


the  voice. 
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CHAPTER  XVII. 

PHYSIOLOGICAL  DIVISIONS,  STSUOTUHE,  AND  GENERAL  PROPERTIES  OF  THE  ■ 

NERVOUS  SYSTEM. 

li  General  considerations— Divisions  of  tho  nervous  system— Physiological  anatomy  of  the  nervous  tissue — Anatomicai 
divisions  of  the  nervous  tissue— Meduilated  nerve-fibres— Simple,  or  non-medullated  nerve-flbres— Gelatinous 
nerve-fibres  (fibres  of  Remak)— Accessory  anatomical  elements  of  the  nerves— Branching  and  course  of  the  nerves 
—Termination  of  the  nerves  in  the  muscular  tissue— Termination  of  the  nerves  in  glands— Terminations  of  the 
sensory  nerves— Corpuscles  of  Pacini,  or  of  Vater- Tactile  corpuscles- Terminal  bulbs— Structure  of  the  nerve- 
centres— Nerve-cells— Connection  of  the  cells  mth  the  fibres  and  with  each  other- Accessory  anatomical  elements 
of  the  nerve-centres— Composition  of  the  nervous  substance— Eegeneration  of  the  nervous  tissue— Eeunion  of , 
nerve-fibres— Motor  and  sensory  nerves— Distinct  seat  of  the  motor  and  sensory  properties  of  the  spinal  nerves- 
Experiments  of  Magendie  upon  the  roots  of  the  spinal  nerves— Properties  of  the  posterior  roots  of  the  spinal  nerves 
—Properties  of  the  anterior  roots  of  the  spinal  nerves— Eecurrent  sensibiUty— Mode  of  action  of  the  motor  nerves 
—Associated  movements— Mode  of  action  of  the  sensory  nerves— Sensation  in  amputated  members— General  prop- 
erties of  the  nerves — Nervous  irritability— Different  means  employed  for  exciting  the  nerves — Disappearance  of 

the  irritability  of  the  motor  and  sensory  nerves  after  exsection — Nerve-force — Rapidity  of  nervous  conduction  

— Estimation  of  the  duration  of  acts  involving  the  nerve-centres — Action  of  electricity  upon  the  nerves — Induced 
muscular  contraction— Galvanic  cun-ent  from  the  exterior  to  the  cut  sm-face  of  a  nerve — Effects  of  a  constant  gal- 
vanic current  upon  the  nervous  irritability — Eleotrotonus,  anelectrotonus,  and  catelectrotonus— Neutral  point  

Negative  variation. 

The  nervous  system  is  anatomically  distinct  in  aU  animals  except  those  lowest  in  the 
scale  of  being.  It  is  useless  to  speculate  upon  the  question  of  the  existence  of  matter 
lendowed  with  properties  analogous  to  those  observed  in  the  nervous  system  of  the  higher 
lanimals,  in  beings  so  low  in  their  organization  as  to  present  no  divisions  into  anatomical 
lelements;  for  the  present  condition  of  physiological  science  does  not  admit  of  the  recog- 
:nition  of  functions  without  organs.  All  animals  that  present  any  thing  like  nervous 
functions  present  also  an  anatomically  distinct  nervous  system.  Within  certain  limits, 
the  perfection  of  the  animal  organization  depends  upon  the  general  development  of  the 
inervous  system. 

High  in  the  animal  scale,  as  in  the  warm-blooded  animals,  the  general  development  of 
rthe  nervous  system  presents  little  if  any  variation;  but  special  attributes  are  coexistent 
with  the  development  of  special  organs.  The  development  in  this  way  of  particular  por- 
tions of  the  nervous  system  is  in  accordance  with  the  peculiar  conditions  of  existence  of 
different  animals;  it  is  a  necessary  part  of  their  organization,  and  is  not  dependent  upon 
education  or  intelligence.  Examples  of  this  are  in  the  extraordinary  development  of  the 
sense  of  sight,  hearing,  or  smell,  in  different  animals.  There  are  animals  in  which  these 
:  special  senses  possess  a  delicacy  of  perception  to  which  man,  even  with  the  greatest 
amount  of  intelligent  education,  can  never  attain  ;  but  man,  possessing  a  nervous  organi- 
zation not  superior  to  that  of  other  warm-blooded  animals  in  its  general  development, 
and  inferior  to  many  in  the  development  of  special  organs,  stands  immeasurably  above 
all  other  beings,  by  virtue  of  the  immense  preponderance  of  what  is  known  as  the 
encephalic  portion  of  the  nervous  system. 

These  brief  general  considerations  will  convey  some  idea  of  the  physiological  impor- 
'tance  of  the  nervous  system ;  of  the  care  which  should  be  exercised  in  its  study;  and  of 
•me  great  interest  attached  to  it,  from  the  fact  that  the  most  complex  and  important  of 
•Its  tunctions  belong  to  human  physiology,  and  to  human  phydology  alone. 

/VVe  can  best  define  what  is  to  be  included  under  the  head  of  the  nervous  system,  by 
citing  certain  of  its  prominent  and  well-established  properties  and  functions  : 

1.  The  nervous  system  is  anatomically  and  physiologically  distinct  from  all  other  sys- 
ras  and  organs  in  the  body.   It  receives  impressions  made  upon  the  terminal  branches  of 

sensory  portion  and  it  conveys  stimulus  to  parts,  determining  and  regulating  the  opera- 
on  ot  their  functions;  but  its  physiological  properties  are  inherent,  and  it  gives  to  no 
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.„i„i  "  irvUabilitv  "  or  the  power  of  performing  its  particular  func- 
tissuo  or  organ  its  special  "initaDiuiy    ^  ^  i 

connects  into  a  coordinated  organism  all  parts  and  organs  of 
2.  The  nervous  ^y^^^^^^T'^  fX which  all  impressions  are  received.    It  animates 
the  body.    It  is  the  medium  ^^^^  ""f ^^^l^j^l^ry    it  regulates  the  functions  of 
or  regulates  ^1^^^^:^;:^:^::  organi  life, 

secretion,  ^^^^^^^^^l^t  '^^^^^^^^^  if  conduction  and  communication,  the  i.  .  - 

In  addition  to  f  f.mc  ons  a^^^  a  meU  i„p,,ssions  and  of  generating 

vous  system,  in  r'^-^'^^^^f  J^^'l  ^  to  itself.  As  there  can  be  no  physiological 
a  stimulating  influence  oi  f«'«^' P^^^  l,,,i„g  an  active  function, 

edge  of  existence,  without  nerve-centres.  wtions  it  is  evidently  of  the 

Possessing,  as  it  does,  these  varied  Py^P'^^'t'-^^Jf^V"         the  nervous  sys- 
greatest  physiological  importance  that  the  ^J^^^^'fj^^^^^^^^^  certain  of 

fern  should  be  most  carefully  ^^.f     ^f^^^^e  alsoVortant  to  sub^^ 

the  nervous  properties  with  peculiarities     f  '\  ^^^1     ^ith  reference  to  the 

the  system,  as  regards  general  proper  les  and  ^-^s  a^  w     ^^^^  ^^^^^  ^^^^ 

special  office  of  particular  parts.  _  .^^f  ^  ^^^^^.f  ^.^vo^s  matter  wherever  it  exists, 
Divinons  of  the  Nenom  Hy>ttm. 

rcr::.  :r '  '^^^z  ^^^^^^ 

nervous  force.  n.ront  svstems,  as  follows : 

The  nervous  matter  is  divided  into  ^^^f^^^^^^^^^^  ,pi„al  cord  with  the  nerves 

1.  The  cerebro-spinal  system,  composed  of  h^^^^^^^^  connected  with  the  func- 

directly  connected  with  «-^7J.f  ^^'^  J^^  Treside  over  general  sensation,  the  spe- 
tions  of  relation,  or  of  animal  ^f-jy^J;^^^^.^,^^^^.  intellection,  and,  in  short,  all 
cial  senses,  voluntary  and  some  ^^^^^^^^^  ^  7°  ^he  ne^-ves  serve  as  the  conductors  of 
of  the  functions  that  characterize  the  ™ a  •  ^^.^^^^^^  ^^^^  ^^^^  to 

— =  s^^;^— -     - — 

-TS^S^^Si:^^,rganicsy^    ~r  ^hStS^r-t 
functions  relating  to  -t^^ion,  operati^^^^^^^^^  Although  this  sys- 

Idngdom  and  are  sometimes  «f  ^^J^^Jf j^'^fj^^r 

ordinary  sensation,  and  centres  ^-f^'^^J l^l'^JZ^l  The  nerves  which  receive  these 
senses,  such  as  sight,  audition,  centres  are  more  or  less  insen^ 

special  impressions  and  ^^^^^^  ^tVibie^  these  special  nerves  are  distributed 

slble  to  ordinary  impressions,    ^l.e  o  g^^^^^^^^  „^„,erous  accesso^ 

are  generally  of  a  complex  and  peculia  of  the  special  impressions  to 

parts  which  are  important  and  essential  m  the 
the  terminal  branches  of  the  nerves. 
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In  treating  of  tlie  nervous  system,  we  shall  consider  first  the  physiological  anatomy 
of  the  nervous  tissue  ;  next,  the  general  properties  of  the  cerebro-spinal  system  ;  nest, 
:  the  functions  of  different  portions  of  this  system  connected  with  motion,  ordinary  sensi- 
■  bility,  intellection,  etc.  ;  next,  the  functions  of  the  sympathetic,  or  organic  system  of 
:  nerves ;  and  finally,  the  special  senses,  with  the  physiological  anatomy  and  mechanism 
of  the  accessory  parts. 

Physiological  Anatomy  of  the  Nervous  Tissue. 

The  physiological  anatomy  of  the  nervous  system  naturally  divides  itself  into  two 
-  sections ;  one  embracing  what  is  called  the  general  anatomy  of  the  nervous  tissue,  and 
t  the  other,  the  arrangement  of  this  tissue  in  special  organs,  as  far  as  this  is  connected 
1  with  their  functions. 

The  intimate  structure  of  the  different  portions  of  the  nervous  system  may  now  he 
r  regarded  as  tolerably  well  understood,  at  least  so  far  as  those  -anatomical  points  bearing 
1  upon  physiology  are  concerned.  The  connection  between  the  nerve-ceUs  and  the  fibres 
:i  and  the  modes  of  termination  of  the  motor  filaments  in  the  muscles  are  points  nearly  if 
L  not  quite  settled  ;  and  the  terminations  of  sensory  filaments  in  integument  and  mucous 
;  membranes  have  lately  been  investigated  very  thoroughly  and  with  quite  positive  and 
i  satisfactory  results.  These  anatomical  points  are  specially  connected  with  the  general 
[t  properties  of  the  nervous  system,  both  as  a  generator  of  the  so-called  nerve-force  and  as 
I  a  conductor. 

The  arrangement  of  the  nervous  elements  in  special  organs,  as  in  the  brain  and  spmal 

•  cord,  has  not  been  so  successfully  investigated  and  presents  immense  difficulties  in  its 

•  study ;  and  we  can  hardly  hope  to  acquire  any  thing  like  a  definite  and  thorough  knowl- 
edge of  the  functions  of  these  parts,  until  we  have  much  more  positive  information  con- 

^  cerning  their  anatomical  characters. 

Anatomical  Divisions  of  the  IsFenous  Tissue.— The  physiological  division  of  tlie 
nervous  system  into  nerves  and  nerve-centres  is  pretty  well  carried  out  as  regards  the 
;  anatomical  structure  of  these  parts.    The  two  great  divisions  of  the  system,  anatomically 
■I  considered,  are  into  nerve-cells  and  nerve-fibres. 

The  nerve-cells,  as  far  as  we  know,  aj-e  the  only  parts  capable,  under  any  circum- 
:stances,  of  generating  the  nerve-force ;  and,  as  a  rule,  they  cannot  receive  impressions 
:in  any  other  way  than  through  the  nerve-fibres.  There  are,  however,  some  exceptions, 
icither  apparent  or  real,  to  this  rule,  as  in  the  case  of  direct  irritation  of  the  ganglion  of 
the  tuber  annulare,  portions  of  the  cerebrum,  and  the  sympathetic  ganglia,  which  seem  ' 
sensible  to  direct  irritation  ;  but  the  cells  of  most  of  the  ganglia  belonging  to  the  great 
cerebro-spinal  axis  are  insensible  to  direct  stimulation  and  can  only  receive  impressions 
-conducted  to  them  by  the  nerves. 

The  nerve-fibres  act  only  as  conductors  and  are  incapable  of  generating  nerve-force. 
There  is  no  exception  to  this  rule,  but  there  are  differences  in  the  properties  of  certain 
nbres.  The  nerves  generally,  for  example,  receive  direct  impressions,  the  motor  fila- 
ments conducting  these  to  the  muscles  and  the  sensory  filaments  conveying  the  impres- 
sions to  the  centres.  These  fibres  also  conduct  the  force  generated  by  the  nerve-centres, 
iiut  there  are  many  fibres,  such  as  those  composing  the  white  matter  of  the  encephalon 
and  the  spmal  cord,  that  are  insensible  to  direct  irritation,  while  they  convey  to  the 
centres  impressions  made  by  the  sensitive  nerves  and  conduct  to  the  motor  nerves  the 
stimulus  generated  by  nerve-cells. 

Structure  of  the  JSTerves.— There  are  few  anatomical  elements  that  present  greater 
variations  in  size  and  appearance  than  the  nerve-fibres.    Certain  fibres  found  in  the 

TZ'!      ^^.^  """'^"^  '''■^  ^3  tAt  of  an  inch,  have  dark 

ooraers,  and  possess  three  well-marked  structures,  viz.,  a  tubular  membrane,  medullarv 
contents,  and  an  axial  band  ;  others,  with  the  same  structure,  are  only  ^„  of  an  inch 
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^   M  „  „„ul.illfn-v  coveriiiE  and  the  axial  band;  and  oUrt^ 

ia  diameter;  ot^ovB  have  on  y  the    —  7  ^  ^^^^^^^^  „  

present  the  axial  ^and  a  ono.    Mo^l  ot  .  ^  ^^^^^^^.^  ^ 

venient  to  adopt  some  -atomical  class.hca  .^^^^  .^^^^^^.^ 

In  the  7^^^,,trwltn.:  e^^^^^^^  element  alone,  and  the  other  pre-  , 

one  embracmg  those  fibics  wl ncn  na  ^      structures.    In  the  course  of  the  ! 

renting  this  ^^^^^^^^^^^^^^^^  variety  is  the  rule ;  but,  as  the 

^  -  medullated  .bres,  ami  . 

Tlie  simplo,  or  ..„.j  ij  Frencli  and  German  writer. 

Me^ul,aU,  Ne,.e.fi,;«-^^  .be,  contain,  ene.o.ed 

because,  m  addition  to  tlie  axis  cyim     ,  ^^a^^i^^    This  substance  is  strongly 

^tSatt  :lt:rre, lerrWent.  .0.0  o,  .  ner,. 

tubes.  .    •,    1  -1     „  f„^fiv  frpsii  and  unchanged,  their  anatomical  ele- 

If  the  nerves  be  examined  P;  f '  ^tgTy  a^c Ltufted  borders.  The  diame- 

ments  appear  in  the  form  of  sm^ple  S^^-^ f  ^^^^/^^f  .^^^.....e  the  fibres  in  this  ^vay,  it  is 
ter  of  these  fibres  is  from  ^  to  ^  ot  •  .^^    ^itl^out  delay.    In  a 

necessai-y  to  take  a  nerve  from  an  J^/*  ^f,^^^^^^^  ,33nmes  an  entirely  diflferent 

t.r  in  the  direction  of  the  tube.    This  s  somet  sometimes  spoken  of, 

ever,  which  is  more  generally  applied  to^nothei  menibian  ^^^^^^      ^^^^^^^^_„  .^^ 

also,  as  the  "limiting  m^^^b^''^^^  J^"^^;^^ 

chemical  and  general  properties  Ins  ^  ^^^^  ™iated  nerve-fibres,  large  and  sma  1, 
less  elastic  and  resisting.  It  exists  -  f  *  f^^^^^^^  spinal  cord.  It  is  not  certam 
except  those  in  the  white  portions  ^^'llnli' although  its  presence  here  has 
that  it  does  not  exist  in  the  smaU  ™Xe  i^marked,  the  tubular  membrane 

never  been  satisfactorily  demonstrated,    ^s  we  beto  e  ^^^^  ^^^^^^ 

cannot  be  seen  in  the  perfectly  fresh  -^s  ^^Jj  «  Teagents.  In  the  ordinary  medul- 
by  desiccation,  its  demonstration  -^J^'^^  ^^^f  ^  .e^ve  in  absolute  alcohol  and  then 
lated  fibres,  however,  it  may  be      ^^^^^  By  then  boiling  the  nerve  for  oa 

in  acetic  acid,  or  by  treating  it  with  cold  ^^'^^  ^/ j^^lated,  when  they  resemble 

,y  various  names,  as  -^^1^^' t/^.'t  ^o'^  i"  n  To 

medulla  etc.    It  does  not  exist  either  at  the_  o.  gin  probably  not. 

rAhe  ^'erve-centres  or  at  the  Pf  P^-^^-^et::  e  pe 'f-tly  f-sh,  this  substance  is, 
an  essential  conducting  element.  Wh  n  ^  -^^.^^^^  ,  ,,,,  ,3  the  nerves  become 
transparent,  homogeneous,  and  strongly  retract  g, 
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altered  by  desiccation,  tlie  action  of  water,  acetic  acid,  and  various  otlior  reagents,  it 
coagulates  into  an  opaque,  granular  mass.  The  consistence  of  tliis  substance  gives  to  the 
raedullated  fibres  a  very  peculiar  appearance.  The  tubular  membrane  being  very  thin 
and  not  elastic,  the  white  substance,  by  very  slight  pressure,  is  made  to  fill  the  tubes 
irregularly,  giving  them  a  varicose  appearance,  which  is  entirely  characteristic.  In 
examining  a  preparation  of  the  nervous  tissue,  large  drops,  coagulated  in  irregular  shapes, 
are  seen  scattered  over  the  field  and  frequently  fringing  the  divided  ends  of  the  tubes. 
In  the  white  substance  of  the  encephalon  and  spinal  cord,  where  the  tubular  membrane 
is  wanting,  the  varicose  appearance  of  the  fibres  is  more  remarkable  than  in  any  other 
situation. 

The  axis-cylinder  is,  in  all  probability,  the  essential  anatomical  element  of  the  nerves. 
It  exists  in  all  the  nerves  except  in  those  termed  gelatinous  fibres,  or  fibres  of  Remak, 
which  will  be  described  hereafter.  In  the  ordinary  medullated  fibres,  the  axis-cylinder 
cannot  be  seen  in  the  natural  condition  of  the  tissue,  because  it  refracts  in  the  same 
manner  as  the  medullary  substance,  and  it  cannot  be  demonstrated  afterward,  on  account 
of  the  opacity  of  the  coagulated  matter.  If  a  fresh  nerve,  however,  be  treated  with 
strong  acetic  acid,  the  divided  ends  of  the  fibres  will  retract,  leaving  the  axis-cylinder, 
which  is  but  slightly  affected  by  reagents.  It  then  presents  itself  in  the  form  of  a  pale, 
slightly-flattened  band,  with  outlines  tolerably  regular,  though  slightly  varicose  at  inter- 
vals, somewhat  granular,  and  sometimes  very  finely  striated  in  a  longitudinal  direction. 
This  band  is  elastic  but  not  very  resisting.  Its  granules  are  excessively  pale.  What 
serves  to  distinguish  it  from  all  other  portions  of  the  nerve-fibre  is  its  insolubility  in  most 
of  the  reagents  employed  in  anatomical  investigations.  It  is  elightly  swollen  by  acetic 
acid  but  is  dissolved  after  prolonged  boiling.  If  a  solution  of  carmine  be  applied  to  the 
nervous  tissue,  the  axis-cylinder  only  is  colored.  It  has  been  remarked  that  the  nerve- 
fibres  treated  with  nitrate  of  silver  present  in  the  axis-cylinder  well-marked  transverse 
striations ;  and  some  observers  are  disposed  to  regard  both  the  nerve-cells  and  the  axes 
of  the  fibres  as  composed  of  two  substances,  the  limits  of  which  are  marked  by  the  regu- 
lar strife  developed  by  the  nitrate  of  silver.  This,  however,  is  a  point  of  purely  anatomi- 
cal interest.  The  presence  of  regular  and  weU-marked  strise  in  the  axis-cylinder  after 
the  addition  of  a  solution  of  nitrate  of  silver  and  the  action  of  light  cannot  be  doubted ; 
but  it  has  not  yet  been  determined  beyond  question  whether  these  markings  be  entirely 
artificial,  or  whether  the  axis-cylinder  be  really  composed  of  two  kinds  of  substance. 

A  stiU  more  important  question  with  regard  to  the  intimate  structure  of  the  axis- 
cylinder  refers  to  the  longitudinal  striations.  These  are  observed  in  many  fibres,  but 
they  are  not  constant.  Some  authors  have  adopted  the  view  that  the  markings  are  pro- 
duced by  fibrillse,  analogous  to  the  fibriUse  of  the  muscular  fibres,  in  all  the  fibres,  as  well 
as  in  those  of  the  retina,  the  olfactory,  and  some  of  the  sympathetic  nerves.  In  the  organs 
of  special  sense,  there  can  be  no  doubt  of  the  existence  of  fibrillse ;  but  this  is  by  no 
means  so  clearly  demonstrable  in  the  general  system  of  nerves.  Still,  it  is  necessary  to 
take  into  consideration,  in  this  connection,  certain  facts  with  regard  to  the  origin  of  the 
nerve-fibres  in  the  cells  and  their  ultimate  distribution  in  sensitive  parts.  In  the  final 
distribution  of  sensitive  nerves,  we  shall  see  that  the  fibres  break  up  into  filaments 
resembling  fibrillfe ;  and,  although  the  fibrillated  character  of  the  poles  of  the  nerve-cells 
IS  not  unreservedly  accepted  by  anatomists,  many  observers  positively  state  that  such  is 
their  structure.  In  the  present  condition  of  the  science,  we  cannot  do  more  than  state 
that,  while  a  fibrillated  structure  has  perhaps  been  shown  in  the  nerves  of  some  of  the 
lower  orders  of  animals,  its  existence  in  man  and  in  the  mammalia  is  somewhat  doubtful. 

The  diameter  of  the  axis-cylinder  is  about  one-half  or  one-third  that  of  the  tube  in 
which  it  is  contained.  The  various  appearances  which  the  nerve-fibres  present  under 
different  conditions  are  represented  in  Fig.  174. 

_  Simple,  or  Non-medullated  Nerve- Fibres. — These  fibres  are  found  very  largely  dis- 
tributed in  the  nervous  system.    When  we  come  to  study  the  structure  and  relations  of 
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tUo«es.an  fibres,  see.  —  ^  ^:1TZ^ 

alteration,  of  the  axis-cylinder  ot  ^^'^^  ^  J  "  the  filau.er.t«  of  connec 

cbieHy  found  in  tl>e  peripheral  tenumat>ons^ol^  tl.  ^^^^^^^^^  an^^^  ^^^^  ^^^^^  ^^^^^ 

the  lihres  in  these  relations  constitutes  the  numt 
important  part,  physiologically,  of  the  anaton.y 
of  the  nerves  and  presents  the  greatest  dilfacul- 
ties  in  the  way  of  direct  observation ;  and,  foi' 
these  reasons,  we  shaU  treat  of  these  questions  sep- 
arately, and  defer,  for  the  jn-esent,  the  fuU  con- 
sideration of  the  non-medullated  fibres. 

Gelatinous  Nene-Fibres  {Fihrea  of  Remal).- 
These  fibres  are  entirely  difierent  in  their  anat- 
omy from  either  of  the  varieties  of  fibres  just 
considered.    They  are  found  chiefiy  in  the  sym-  - 
pathetic  system  and  in  that  particular  portion  of 
this  system  connected  with  involuntary  move- 
ments.   Eqj-  instance,  these  fibres  are  very  abun-  • 
dant  in  the  gray  filaments  sent  to  parts  provided 
with  non-striuted-muscular  fibres  and  endowed 
with  undoubted  motor  properties;  but  they  are 
not  found  in  the  white  filaments  of  the  sympa- 
thetic, which  seem  to  be  incapable  of  excitmg 

movements.  „     .  . 

There  is  considerable  difierence  of  opinion 
among  physiologists  with  regard  to  the  gelatinous 
filaments.  Some  are  disposed  to  ard  them  as  elemen^^^^^^  :r drth^ey  a^! 
endowed  with  properties  characteristic  °f '  ^^^^^^f ^^^^^^  fibres  of  difi^erent 
nerve-fibres,  probably  possessing  t-ctions  dist in  t  f.om  tbo  oi^  .^^ 
structure.    The  latter  is  the  view  now  adop  ed      the  b^^*^  these  have  been 

certain  that  elements  of  connective  tissue  e-st  in  the  ne  ves  and 
mistaken  for  true  nerve-fibres,  there  are  J^.^'^t^e^bres  of  the  embryon. 

the  great  sympathetic  system,  fibres  exactly  ^^^l^^^;^^^^^^^^^^.  It  is  stated  that  the 
These  are  the  true  gelatinous  -^^-^-^'^^^'^T^^^^^^^  that, 
nerves  generally  have  this  structure  up  to  the  ^"^^J^^l  ,le„ents  assume  this 

m  the  regeneration  of  nerves  after  dmsion  or  injmy,  the  new 
form  before  they  arrive  at  their  full  '^'^^^l^P^^foy^^.i     characters :  They  are  flattened, 
The  true  gelatinous  nerve-fibres  P^'^f     ^^f^""^.  3e^^Lg  numerous  very  fine  granu- 
with  regular  and  sharp  borders  grayish  and  pale,  P^^^^^-  f  ^^.^^ 
lations,  and  a  number  of  oval,  longitudmal  ni.^^  ^^^^^ 
the  name  of  nucleated  nerve-fibres    The  diametei  o  .^^^ 
The  nnclei  have  nearly  the  same  diameter  as  the  fibres J^^^  ^^J^  rendered 

in  length.    They  are  finely  granu  ar  and  ^^^^  and  present,  in  this 

pale  by  the  action  of  acetic  acid,  but  they  are  ^^'f     ^^^^^^^  ^.J^_    The  microscopical 
Lgard'  a  marked  contrast  with  the  ^^^^^J  ° ^  racTr  sl^Z^^^^^^  -  ^'S- 

appearances  of  these  fibres,  f P---^  '°  '''' 

^Accessory  AnatoM  ^^^^^^^'J.f^^^^^^^  accessory  anatomical  ele- 

difi-erent  varieties  of  true  n^^^^/J^^^J'^'Vnf  the  or-anism,  such  as  connective  tissue, 
ments  common  to  nearly  all  of  the  f-  f^^/^^'^  .l^rve' never  been  demonstrated, 
blood-vessels,  and  perhaps  lymphatics,  although  tliese 

except  in  the  nerve-centres.  ^  ^  ^^^e  anatomical  elements- 

Like  the  muscular  tissue,  the  nerves  tertiary  bundles,  and  so 

the  nerve-fibres-held  together  into  primitive,  secondaij. 


Fig  m— Nerve-fibres  from  the  human  subject; 
magnified  350  diameters.  (KulUker.) 

Four  small  flbrea,  of  which  two  are  VM-jcoso  one 
medium-sizea  libro  with  bordei-a  of  single  con- 
torn-  and  four  large  fibres;  of  the  latter,  two 
have  a  double  contour,  and  two  contain  granu- 
lar matter. 
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on,  in  proportion  to  tlie  sizo  of  the  nerve.  The  primitive  fasciculi  are  surrounded  by  a 
delicate  membrane,  described  by  Eobin  under  the  name  of  perinevre,  but  which  had  been 
already  noted  by  other  anatomists  under  diftbrent  names.  This  membrane  is  homogeneous 
or  very  finely  granular,  sometimes  marked  with  longitudinal  strife,  and  possessing  elon- 
gated nuclei,  finely  granular,  from  to  -^'-^  of  an  inch  in 
length  by  from  ^^Vir  to  yirsTr  of  an  inch  wide.  The  thickness  of 
the  membrane  is  from          to  -^^^  of  an  inch.    It  commences  at 


the  point  where  the  nerve-fibres  emerge  from  the  white  portion  of 
the  nervous  centres,  and  it  extends  to  their  terminal  extremities, 
being  interrupted  by  the  ganglia  in  the  course  of  the  nerves.  This 
membrane  generally  envelops  a  primitive  fasciculus  of  fibres,  branch- 
ing as  the  bundles  divide  and  pass  from  one  trunk  to  another ;  but 
it  is  sometimes  found  surrounding  single  fibres.  It  is  not  usually 
penetrated  by  blood-vessels,  the  smallest  capillaries  of  the  nerves 
ramifjing  in  its  substance  but  seldom  passing  through  to  the  indi- 
vidual nerve-fibres.  "Within  the  perinerve,  are  sometimes  found 
elements  of  connective  tissue,  with  very  rarely  a  few  capillary 
blood-vessels  in  the  largest  fasciculi.  . 

The  amount  of  fibrous  tissue  in  the  different  nerves  is  very 
variable  and  depends  upon  the  conditions  to  which  they  are  sub- 
jected. In  the  nerves  within  the  bony  cavities,  where  they  are 
entirely  protected,  the  fibrous  tissue  is  very  scanty;  but,  in  the 
nerves  between  muscles,  we  find  a  tolerably  strong  investing  mem- 
brane or  sheath  surrounding  the  whole  nerve  and  sending  pro- 
cesses into  its  interior,  which  envelop  smaller  bundles  of  fibres. 
This  sheath  is  formed  of  inelastic  fibres,  with  small  elastic  fibres 
and  nucleated  connective-tissue  fibres.  These  latter  may  be  distin- 
guished from  the  gelatinous  nerve-fibres  by  the  action  of  acetic 
acid,  which  swells  and  finally  dissolves  them,  while  the  nerve- 
fibres  are  but  slightly  affected. 

The  late  researches  of  Sappey  have  shown  that  the  structure 
of  the  fibrous  sheath  of  the  nerves  possesses  certain  important 
anatomical  peculiarities.  The  greatest  part  of  this  membrane  is  composed  of  bundles 
of  white  melastic  tissue,  interlacing  in  every  direction ;  but  it  contains  also  numerous 
elastic  fibres,  adipose  tissue,  a  net-work  of  arteries  and  veins,  and  "nervi-nervorum," 
which  are  to  these  structures  what  the  vasa-vasorum  are  to  the  blood-vessels.  The 
adipose  tissue  is  constant,  being  found  even  in  extremely  emaciated  persons 

The  vascular  supply  to  most  of  the  nerves  is  rather  scanty.  The  arteries  break  up  into 
a  plexus  of  very  fine  capillaries,  arranged  in  oblong,  longitudinal  meshes  surrounding  the 
tascicuh  of  fibres ;  but  they  rarely  penetrate  the  perinerve,  and  they  do  not  usually  come  in 
contact  with  the  ultimate  nervous  elements.  The  veins  are  rather  more  voluminous  and 
tollow  the  arrangement  of  the  arteries.  It  is  not  certain  that  the  nerves  in  their  course 
contam  lymphatics ;  at  least  these  vessels  have  never  been  demonstrated  in  their  substance 
Branching  and  Course  of  the  Ncnes.—The  ultimate  nerve-fibres  in  the  course  of  the 
nerves  have  no  connection  with  each  other  by  branching  or  inosculation.  A  bundle  of 
hbres  frequently  sends  branches  to  other  nerves  and  receives  branches  in  the  same  way 
but  this  IS  simply  the  passage  of  fibres  from  one  sheath  to  another,  the  ultimate  fibres  them- 
se  ves  maintaining  throughout  their  course  their  integrity  and  their  individual  physiologi- 
cal properties.  This  view  with  regard  to  the  course  of  the  fibres  in  the  nerves  is  held  by 
nearly  all  anatomi.sts.  The  nerve-fibres  do  not  branch  or  inosculate  except  at  the  point 
nere  they  change  their  character  just  before  their  termination.  The  branching  and  inos- 
culation of  the  ultimate  nerve-fibres  will  be  considered  in  connection  with  the  very  inter- 
esting and  important  question  of  their  ultimate  distribution  to  muscles  and  sensitive  parts 


Fig.  175.— Fibres  of  Re- 
mak ;  magnified  800 
diameters.  (Robin.) 

Witb  the  gelatinous  fibres, 
are  seen  two  of  the  or- 
dinary, dark-bordered 
nerve-fibres. 
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aesoribed  mi  tig«™'l.  tli«t  U.o  tieot  q"  contrattilo  clomenU 

of  the  mmcles    «'»  .„„i„.tion  of  the  -.otor  nerve.,  prob.Uy  »  accun.te 

a„  »~»"°  »/''  »  "rfect  „e.ns  of  in,e.ti8atta ;  but  thi.  ob,er™t,o.  thoufl, 

was  pose  hi.  »th  h.B  ,mpu  ,„„         „f  bj  mc.l 

confimed  «  f'"./""  ™ ,'  „„aere.limatin|5  the  value  ot  other  re.earche.,  »-e  maj 
pb,.iologio.l  writers.    -Wltliout  ,  condition  of  the  luostion  a. 

Lte  that  «>»-J  ■  ;~:ro™r  .r;^^  ob..rvatlo„.  of  recut 

ira^Inelrr—^^^^^^ 
f„ther  in  f°»3^rC;,etr,>^~^^^^^  "f  "d" 

'''•rl— 'o"Cf  ;ere  p--^:  ~  :rinrh:ra°n 

fros.««lBea-plg.  .*..^  o  >,»^^^^^^  „^  j„.. 

The  t  ssues  were  taken  eithei  liom  inc  nv    g  ^fifiition  of  reagents  ;  but  the  most 

they  were  examined,  in  some  instances,  without  ^^^^^^^^  ^^  ^  six  ^o  twenty-four 
satisfactory  results  were  ohtamed  by  — ^^^^^  to  the  preparation  on 

hours  in  a  liquid  containing         °^  „37;i^°;'°ter    In  preparations  made  in  this  way, 

"-fC^lrS^  the  branches  of  f  «tH.~^^  ^  Slly^^^l 

the  muscular  fibres.    As  regai-ds  the  to 

muscular  fibres  at  nearly  a  "^^^  ^^^^^^'^T  oTlS^^  are  detached  sometimes 
the  axis  of  the  primitive  fascicuh  ^^^^^  After 

from  branches  containing  two  or  three  fi^^e  ,  and  son  et  ^^^^^  ^.^^^^ 

a  very  short  course  these  tubes  ^^^1^;;^^.^:^^^^^^^^  eHher  by  divisions  of  the 

cessive  divisions.    Most  commonly  the  ^^'^  divisions  which  pass  to  the 

second  or  third  order,  or  the  su  ce  s,v  ^y,^  ^^^^^  ^  ^^^^ 

adjacent  pi-in>iti^«  fasciculi  and  teimmate  heie  w  j^^rve-tubes,  but  they  pre-  ^ 

short  course.    They  have  a  less  diamete    ^J^e  ^^^^^^^^^^^  ean  be  demonstrated, 

serve  even  to  the  terminal  extremity  their  doubl^^^^^  ^^^^ 

very  easily,  a  sheath  provided  with  ^^^^^ ' 

Never  do  we  observe  at  the  te™  -n  of  the  motor  ne  ^^^^^  1^^^  ^^^^  ^^^^.^^^^^^  ^.^ 
fibres  described  by  Kiihne  and  ^ollike  •    ^t       P  that  which  has  been 

remark  constantly  a  special  ^S^^^^*  ^J^^  ^^^^^^^^  Zi  which  Kiihne  believed  could  be 
described  in  the  batrachia  ^^^^^Tbe  rrmaha  and  to  the  human  subject.  The 
extended  to  the  ^gl^er  vertebrata,  to  tbe  — ^^  ^^  ^^^^ 

nerve-tube,  with  a  double  «°°t«™\Pj;™;,  fo'eiculus  to  become  arrested  at  its  sur- 
inch  at  the  point  where  it  t^-.^^^-j^^^^/^^J;  ;  rvlsubstance,  the  axis-cylinder,  which 
face,  terminates  by  an  expansion  of  the  ^entail  ner  .^^  ^^^^^  _ 

is  in  immediate  contact  with  the  ««^t™;^;^^^^  point,  the  sheath  of  the  tube  ,s 

The  layer  of  medullary  substance  ceases  ^  Pf^^  fJ^^^J^iat;  continuity  with  the  axis- 
spread'out  and  blended  with  the  ^^^^^f^J^^^^^^^^  to  ^  of  an  inch  in  thick- 

cylinder,  a  layer,  a  plate  of  S^annlar  "bs^^^^^^^^^  J-^^^  ^^^^  g,,„l.,,  in  a  space 
ness,  is  spread  out  beneath  the  -J  diameter,  and  ^  of  an  inch 

generally  oval  and  about  Wttt  of  an  J'^'V  Jasks  more  or  less  completely,  m  the 
fn  its  longdiameter.    ^^^J^^Z^^ZZ^If  t,^  ^^^^^  ^^'^^  ^'^'^ 

space  which  corresponds  to  it,  tbe  tiansve 
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itself  lias  exactly  the  granulai-  appearance  of  tlie  substance  of  the  axis-cylinder  in  the 
vertebrata,  and  of  that  of  the  nerve-tubes  in  most  of  the  invertebrata,  especially  after 
being  treated  by  diluted  acids.  But  that  which  essentially  characterizes  the  terminal 
plates  of  the  motor  nerves  is  an  agglomeration  of  nuclei  observed  at  their  site.  With  a 
low  magnifying  power,  even,  vre  can  distinguish  the  point  where  a  nerve-tube  touches 
the  primitive  fasciculus  to  which  it  belongs,  and  ends  abruptly  at  its  surface,  by  a  collec- 
tion of  from  six  to  twelve  or  even  sixteen  nuclei  which  occupy  the  site  of  the  terminal 
plate.  These  nuclei  are  distinguished  by  their  size  as  well  as  by  their  form,  which  is  less 
elongated  than  the  nuclei  of  the  muscular  tissue  (connective- tissue  nuclei  of  the  primitive 
fasciculi).  They  present,  however,  the  most  complete  analogy  with  the  nuclei  of  the 
nerve-sheath  {connective-tissue  nuclei  of  the  nerves).  They  are,  without  any  doubt,  nothing 
else  than  the  nuclei  which,  scattered  throughout  the  entire  length  of  the  sheath,  are  col- 
lected in  a  mass  at  the  point  where  the  covering  of  the  nerve-fibre  is  spread  out  and  fuses 
with  the  sarcolemma  of  the  primitive  fasciculus." 

There  can  be  little  if  any  doubt  that  the  description  just  given  represents  the  mode 
of  termination  of  the  nerves  in  the  voluntary  muscles  in  man  and  in  the  mammalia.  The 
observations  of  KoUiker,  who  describes  a  plexus  of  pale  fibres  with  nuclei  instead  of  a 
well-defined  terminal  plate,  were  made  upon  frogs,  and  are  probably  correct ;  and  Kolli- 
ker  admits  the  accuracy  of  the  observations  of  Eouget  as  regards  reptiles,  birds,  and  the 
mammalia. 

Although  the  sensibility  of  the  muscles  is  slight  as  compared  with  that  of  the  tegu- 
mentary  tissues,  they  undoubtedly  possess  nerve-fibres  other  than  those  exclusively 
devoted  to  motion.  In  addition  to  the  fibres  just  described,  Kolliker  and  some  others 
have  noted  fibres  with  a  difliferent  mode 
of  termination.  These  Kolliker  believes 
to  be  sensitive  nerves,  and  their  mode  of 
termination  has  not  been  so  definitely  de- 
scribed as  that  of  the  fibres  with  terminal 
motor  plates.  We  refrain  from  giving  a 
very  full  description  even  of  what  has 
been  observed  with  regard  to  the  termi- 
nation of  these  fibres,  for  future  and 
more  successful  researches  will  probably 
modify  the  views  now  held  with  regard 
to  this  point.  Kolliker  states  that  the 
fibres  in  question  are  very  fine,  dark-bor- 
dered tubes,  with  a  meduUated  sheath, 
which,  when  studied  in  muscular  tissue 
rendered  pale  by  acetic  acid,  may  be  seen 
to  give  off  exceedingly  fine,  non-medul- 
lated  fibres,  which  terminate  in  fibres  of 
the  same  appearance,  but  provided  with 
nuclei.  It  does  not  appear  to  be  certain 
how  these  fibres  end.  Kolliker  is  not 
satisfied  that  the  free  extremities,  as 
they  appear  to  be,  are  the  actual  termi- 
nations ;  but  he  asserts  that  in  some  rare 
instances  they  communicate  with  each 
other.  For  the  present  this  point  must 
be  considered  as  unsettled. 

Mode  of  Termination  of  the  Nenes  in  the  Involuntary  Muscular  Tissue  —The  nerves 
have  not  been  followed  out  so  satisfactorily  in  the  involuntary  as  in  the  striated  mus- 
cular system;  and,  as  most  if  not  all  of  the  fibres  are  derived  from  the  sympathetic 


Fig.  lie.— Mode  of  termination  of  the  motor  nerves. 
(Eouget.) 

A,  primitive  fasciculus  of  the  tliyro-hyoid  muscle  of  the  human 

subject,  and  its  nerve-tube  :  1, 1,  primitive  muscular  fas- 
ciculus; 2,  nerve-tube;  3,  meduLary  substance  of  the 
tube,  which  is  seen  extending  to  the  terminal  plate,  where 
it  disappears ;  4,  terminal  plate  situated  beneath  the  sar- 
colemma, that  is  to  say,  between  it  and  the  elementary 
fibrillfe;  5,  5.  sarcolemma. 

B,  primitive  fasciculus  of  the  intercostal  muscle  of  the  lizard, 

in  which  a  nerve-tube  terminates  :  1,  1,  sheath  of  the 
nerve-tube,  2,  nucleus  of  the  sheath:  3,  8,  sarcolemma 
becoming  continuous  with  the  sheath ;  4,  medullary  sub- 
stance of  the  nerve-tube  ceasing  abruptly  at  the  site  of  the 
terminal  plate ;  5,  5,  terminal  plate ;  0,  C,  nuclei  of  the 
plate ;  7, 7,  granular  substance  which  forms  the  principal 
element  of  the  terminal  plate,  and  which  is  continuous 
■mth  the  axis-cylinder ;  8,  8,  undulations  of  the  sarcolem- 
ma reproducing  those  of  the  flbrillo;;  9,  9,  nuclei  of  the 
sarcolemma. 


NERVOUS  SYSTEM. 

fli      nf  Rpiimk  Uie  terminations  of  which  have  not 
s,sten.  -l^f -f^"'-  -^^^^^^^^  of  the  peripheral 

been  described,  it     ^^^"^/^^^^^^^^^^^  the  n.ost  remarlcable  of  the  late  ob.erva- 

nervous  system  "^"^^ ^«  ^^^J  J' i^.;ikenhaeu8er,  upon  the  nerves  of  the  uterus, 
tions  upon  this  point  ^^'Taitto-  hnt  the  point  m^st  interesting  in  this  connection 
These  researches  vvere  veiy    abm^  P      ^^^^^^.^^  ^.^^^^^  ^^^^  exceedingly 

is  that  the  nerves,  having  foinicd  a  P'^xus  ^ 
...all  fibres  i^to  the  sliee^^^^^^^^^^  ^  ^bafco^fi^te^^^^^^      observations  and  has 

iuto  the  nucleoli  of  those  ^ti'^ct^'^^'  .    ^  nerve-fibres  branch  and  go  into 

upon  Becretion  ..tool...  ~°»«'™"V;t4 C  e^^^^  >"  «" 

confirmed. 


1.  II,  l,rancWng  of  the  nerves  between  the  S^'^-^^^^^-^\:^^^r''' 

Xhe  researches  of  rfi„ 
meduUated  nerve-fibres  pass  to  the  '^^^^^  that,  having  formed  a  more 

least  as  dark-bordered  fibres.  ^1-  au^^^^^^^^^^^^  ^^.e  glandular  cells,  and 

or  less  branching  plexus,  -^-"-"te  tWs  arrangement  pretty  clearly.    The  same 

is:::  rrr        X     the  g—r  ce.,  m  ...1 

of  termination  of  the  sensitive  nerves     ^^^^Su™  a  ^^^^^^^.^^^^ 

which  have  been  accurately  enough  '^^^^"I'f '  ^.^^^  .^^tS  of  corpuscular  terminations, 

Tn  the  first  place,  anatomists  ^^^-^^^^''^'''^l^^^^^^^^^ 

difi^ering  in  their  structure,  probably,  accoichng  to  the  d  _^  ^^^^ 

sensation,  with  which  h  r  folUcle^^^  are  so  largely  distributed 

sensitive  nerves  are  connected  witli  tue  nui 
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throughout  tho  cutaneous  surface.  Tliero  are,  also,  terminal  filaments  not  connected 
with  any  special  organs,  some  of  them,  perhaps,  ending  simply  in  free  extremities,  and 
some  connected  with  epithelium.  There  is  still  considerable  difference  of  opinion 
among  anatomists  concerning  all  of  those  various  points,  but,  with  regard  to  the  terminal 
corpuscles,  these  diiForences  are  purely  anatomical,  and  they  do  not  materially  affect  our 
ideas  of  the  physiology  of  sensation.  "Wo  do  not  propose,  therefore,  to  enter  fully  into  the 
discussions  upon  these  questions,  and  wo  shall  simply  present  what  seem  to  be  the  most 
reasonable  views  of  the  latest  and  most  reliable  observers. 

Corpuscles  of  Pacini,  or  of  Vater. — These  corpuscles,  which  were  the  first  discovered 
and  described  in  connection  with  the  sensitive  nerves,  were  called  corpuscles  of  Pacini, 
until  it  was  shown  that  they  had  been  seen  about  a  century  and  a  half  ago  by  Vater. 
Their  actual  mode  of  connection  with  the  nerves,  however,  has  only  been  ascertained 
within  the  last  few  years.  The  following  are  the  measurements  of  these  bodies  and  the 
situations  in  which  they  are  found,  taken  from  KoUiker  : 

In  man,  these  corpuscles  are  oval  or  egg-shaped  and  measure  from  to  |  of  an  inch 
in  length.  They  are  always  found  in  the  subcutaneous  layer  on  the  palms  of  the  hands 
and  the  soles  of  the  feet,  and  are  most  numerous  on  the  palmar  surfaces  of  the  fingers 
and  toes,  particularly  the  third  phalanges.  In  the  entire  hand  there  are  about  six  hun- 
dred, and  about  the  same  number  on  the  feet.  They  are  sometimes,  but  not  constantly, 
found  in  the  following  situations:  The  dorsal  surfaces  of  the  hands  and  feet,  on  the 
cutaneous  nerves  of  the  arm,  the  forearm  and  the  neck,  the  internal  pudic  nerve,  the 
intercostal  nerves,  aU  of  the  articular  nerves  of  the  extremities,  the  nerves  beneath  the 
mammary  glands,  the  nerves  of  the  nipples,  and  in  the  substance  of 
the  muscles  of  the  hands  and  feet.  They  are  found  without  excep- 
tion on  all  of  the  great  plexuses  of  the  sympathetic  system,  in  front 
of  and  by  the  sides  of  the  abdominal  aorta,  and  behind  the  peri- 
toneum, particularly  in  the  vicinity  of  the  pancreas.  They  some- 
times exist  in  the  mesentery  and  have  been  observed  near  the 
coccygeal  gland. 

The  structure  of  the  corpuscles  consists  simply  of  several  layers 
of  connective  tissue  enclosing  a  central  bulb  in  which  is  found 
the  terminal  extremity  of  the  nerve.  This  bulb  is  finely  granu- 
lar, nucleated,  and  is  regarded  by  most  anatomists  as  composed 
of  connective  tissue.  At  the  base  of  the  corpuscle,  is  a  pedicle 
formed  of  connective  tissue  surrounding  a  medullated  nerve-fibre 
which  penetrates  the  corpuscle  and  terminates  in  the  central  bulb. 

The  only  really  important  point  of  discussion  with  reference  to 
the  structure  of  the  nerve-fibre  in  the  central  bulb,  and  this  is 
purely  anatomical,  is  whether  or  not  the  medullary  substance  ex- 
tend into  the  corpuscle  itself.  Probably  the  fibre  is  here  reduced 
simply  to  the  axis-cylinder.  All  anatomists  agree  that  a  single 
thin,  flat  fibre  penetrates  the  corpuscle  and  terminates  near  its 
summit  by  a  slightly -enlarged  and  granular  extremity.  The 
arrangement  of  the  different  anatomical  elements  is  shown  in 
Pig.  178. 

The  situation  of  these  corpuscles  beneath,  instead  of  in  the 
substance  of  the  true  skin,  shows  that  they  cannot  be,  properly 
considered  as  tactile  corpuscles,  a  name  which  is  applied' to  other 
structures  situated  in  the  papilloe  of  the  corium ;  and  it  is  impos- 
sible to  assign  to  them  any  special  function  connected  with  sen- 
sation, such  as  the  sense  of  temperature,  or  the  appreciation  of 
pressure  or  weight.  All  that  we  can  say  with  regard  to  them  is  that  they  constitute 
one  ot  the  several  modos  of  termination  of  the  nerves  of  general  sensibility 


Fig.  178. — Pacinian  cor- 
puscles. (Sappey.) 

1,  base  of  the  corpuscle;  2. 
apex ;  3,  8,  8.  substance 
of  the  corpuscle,  in  lay- 
ers ;  4,  4,  nerve  penc- 
tratins  the  corpuscle; 
5,  cavKy  of  tho  corpus- 
cle ;  G,  nerve;  7,  nerve, 
which  has  lost  its  me- 
dullary substance  and 
sheath  ;  8,  termination 
of  the  nerve  ;  0.  granu- 
lar sub.stnnco  continuous 
with  tho  nerve. 
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Tactae  Corvuscles.-TX...u..  tactile  corpuBcles  ■^-f^^^^'^f^^^^^^^^ 
V         J  fniu.l.  ■  imd  thia  v  ow  is  sustained  by  tbo  lact  tuai  uity  are 

nected  with  the  souse  ot  touch    a  d  tms  ^^  ^^    .^^^,1^1,  tactile  sensibility. 

found  al.nost  exclusively  -  J^'  ^^.^^^^t  M^^  and  Wagner,  after  the  anatomists 
They  arc  sometunes  -  f  f/^^,^"^^^^^^^^^^  true  tactile  corpuscles  are  found  in  greatest 
,  by  whom  they  were  hrst  f  ,        ^  the  plantar  surfaces  of  the 

nuniber  on  the  P—  J         on^lfe  b^tus  of  the  hands  and  feet,  the  nip- 

tcet  and  toes.    Ihey  ^^^^^^^  ^^.^^^^  forearm.    As  we  shall  see  when  we  come 

ploB,  and  a  fcw       J^^*  ™ed  in  the  substance  of  the  papilla  of  the  skin,  and 

to  describe  tl'^'V  i^'An  iroortTnt  function  in  connection  with  the  sense  of  touch, 
they  cannot  fail  to  have     f^f  J^^f  j™^^  of  the  skin  and  have  seen  that  the 

AVe  have  already  treated  of  the  geneial  stiu  ^^^^^  ^^^^^^^ 

largest  papiUm,  measunng  from  ^^J'^^^^'i,,      most  abundant.   Corpuscles  do 

feet,  and  nipples,  precisely  where  ^l^^f ^'^^^.^^^^  compound.  In  a  space 
r  ft  ^  ^  Spt;r  :/uri:t.finge;,  Mdssner  counted 

Jo:  h:ntdi;^>it;s^^^^^^ 


1,  papma  With  two  TTt^T^^^^i^^^      '  ^' 
reXrne«  p^a^iil^T  t^iofxrtactile  corpuscles.  ■ 

.bout  one  in  .ur.    In  the  same  .a.  on  ^se.«.-^^ 
on  the  first  phalanx,  fifteen  ;  eight  «°  ^^^^^^^y^^^^^.^It  toe ;  and  seven  or  eight  in  the 
on  the  plantar  surface  of  the  ungual  P^^^  ^^^j^^^^'of  the  forearm,  the  corpuscles  are 
skin  on  the  middle  of  the  sole  "f^^^^^      JtOet  usually  occupy  special  papiUo^, 

of  the  papillse.    Their  length  is  from^  ^  to       of  an  inch  in  thickness 

they  are  Lm  ^  to  ^  of  an  inch  long  ^n^^^^^^  -\ences  of  the  compound 
They  are  generally  situated  at  the  summit  of  „f  ,  eentral  bulb  of  homo- 

p^;ji:.   According  to  Kolliker,  ^^/J^f  J:^^^^^^^  to  the  central  bulb 

geneous  or  slightly-granular  ^^^nn^^^^^.  *f  "?^^7t  a  witL  acetic  acid,  the  covermg  pre- 
of  the  Pacinian  corpuscles,  and  a  covering  ^^^^^  J^^^^^^,.,  ^Heh  he  believes  to  be 
sents  numerous  elongated  nuclei  a^Tanged  ^^  ^^^^^^^  q,,^  two,  and  sometimes  three 
nuclei  of  connective  tissue,  and  a  ^-^^J^^^^^^^f^^^^^^^  nervous  plexus  to  tlie 

or  four  dark-bordered  nerve-fibres  pas  J  ^^'^  ,^  ^ -tu  two  or  three  spiral  turns, 
base  of  each  corpuscle.    These  BiuTO-d  *e  corpiuc.e       ^^^^^  ^^ 

and  they  terminate  by  pale  extremities  at  the  suuac 

ment  is  shown  in  Fig.  180. 
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Terminal,  Bulhs. — Under  this  name,  a  variety  of  corpuscles  has  lately  been  described 
by  Krause,  as  existing  in  the  conjunctiva  covering  the  eye  and  in  the  semilunar  fold  in 
the  floor  of  the  buccal  cavity,  the  tongue,  the  glaus  penis,  and  the  clitoris.  They  bear 
some  analogy  to  the  tactile  corpuscles,  but  they  are  much  smaller  and  more  simple  in 
their  structure.  They  form  simply  a  rounded  or  oblong  enlargement  at  the  ends  of  the 
nerves,  which  is  composed  of  homogeneous  matter,  with  an  exceedingly  delicate  invest- 
ment of  connective  tissue.  They  measure  from  -^-^  to  ^^-^  of  an  inch  in  diameter.  In  the 
parts  provided  with  papillsa,  they  are  situated  at  the  summits  of  the  secondary  elevations. 


Fig.  180. 


-Cutcmeous  papilla  and  taetile  corpuscle 
(Kolliker.) 


A 


(/,  cortical  layer  with  plasmatic  cells  and  fine  elastic  'fibres ;  6 
tactile  corpuscle,  witli  transverse  nuclei ;  c,  afferent  ner- 
vous branch,  with  its  nucleated  neurilemma  ;  0,  d.  nerve- 
flbres  encircling  the  corpuscle  ;  e,  the  apparent  termination 
of  one  of  these  fibres. 

The  arrangement  of  the  nerve-fibres  in  these 
corpuscles  is  very  simple.  One,  two,  or  three 
meduUated  fibres  pass  from  the  submucous 
plexus  to  the  corpuscles.  The  investing  sheath 
of  the  fibres  is  here  continuous  with  the  connec- 
tive-tissue covering  of  the  corpuscle,  and  the 
nerve-fibres  pass  into  the  corpuscle,  break  up 
into  two  or  tliree  divisions,  and  terminate  in 
convoluted  or  knotted  coils.  The  nerve-fibres 
are  medullated  for  a  certain  distance,  but  their 
terminations  are  generally  pale.  The  above  is 
one  form  of  these  corpuscles.  Sometimes,  how- 
ever, the  terminal  bulbs  are  oblong,  and  some- 
times but  a  single  nerve-fibre  penetrates  the 
bulb  and  terminates  in  a  simple  pale  filament. 
The  principal  forms  of  the  terminal  bulbs  are 
shown  in  Fig.  181. 

General  Mode  of  Termination  of  the  Sen- 
ary Nertes.—The,  actual  termination  of  the  sen- 
sitive nerves  upon  the  general  surface  and  in 
mucous  membranes  is  still  a  question  of  great 
obscurity.  Although  we  have  arrived  at  a 
pretty  definite  knowledge  of  the  sensitive  corpuscles,  it  must  be  remembered  that  there 
13  an  immense  cutaneous  and  mucous  surface  in  which  no  corpuscles  have  as  yet  been 
aemonstrated;  and  it  is  in  these  parts,  endowed  with  what  we  may  call  general  sensi- 


Tig.         Corpuscles  of  Krause.  (Ludden.) 

A,  three  corpuscles  of  Krause  from  the  conjunctiva 
of  man,  treated  with  acetic  acid;  magnified  800 
diameters  :  1,  spherical  corpuscle,  with  two 
nerve-fibres  which  form  a  knot  in  its  tntsrior. 
Portions  of  two  pale  iierve-flbres  are  also  seen. 
2,  a  rounded  corpuscle  presenting  a  nerve-fibre 
and  fatty  granulations  in  the  internal  bulb;  3, 
an  elongated  corpuscle  mth  a  distinct  terminal 
fibre.  In  these  three  corpuscles,  the  covering, 
nucleated  in  1  and  2,  is  distinguished. 

B,  terminal  bulbs  from  the  con.iunctiva  of  the  calf, 
treated  with  acetic  acid;  magnified  .SOO  diame- 
ters :  T,  extremity  of  a  nerve-fibre  with  Its 
bulb ;  2,  double  bifurcation  of  a  nerve-fibre,  with 
two  terminal  bulbs;  a,  covering  of  the  terminal 
bulbs ;  b,  internal  bulb ;  c,  pale  nerve-fibre. 
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bility,  as  aistinguished  from  the  sense  of  touch,  that  we  have  to  study  the  mode  of  ter- 

"^S^r  tTZTov^^on  that,  in  the  in.nense  n^ajonty  of  instances  the  sensitive 
Kolliker  IS  oi  uie  op  hair-follicles.    If  this  be  true,  it  will  account  lor 

nerves  ^"'l^.^^^^^^^^  portion  of  the  skin,  as  there  are  few 

the  teruimauon  o    h^^^^^^^  g   unfortunately,  the  exact  mode  of  connec- 

rorortl^ntrStes^follicles  i^  not' apparent.    The  following  is  all  we  know 

tile  corpuscles.  ^        the  mode  of  termination  is,  in  general 

.r^,?;=XnS-eaththe^e^^^^^ 

rsr  if  ir-:^::^ 

followed  more  minutely  t^^n  in  any  other  b,^^^^^^^^^^^  ^^^^^ 

upon  this  subject  are  ^^^J  l''^':^^^'',^  ^^^^  f""  confirmation.  At 

we  are  hardly  P^^f  ^"^^^^f  f  ,  f  "^n^  o^^^  Lipmann,  and  others,  con- 

present  we  can  only  state  '^^^\'J'l'l2TZlchiL 

^  ltZ£t^:^o.  L  ...  .        posterior  .yer  Of 

epithelium. 

Structure  of  the  Mrve-centres. 
A  peculiar  pigmentary  matter  in  nerve-c^s^^ti. 

stance  gives  to  the  nerve-centres  a  ^J^*  ^^^^^^ysTei^    Wherever  thisU  -atter  is 
from  the  white,  or  fibrous  dmsion  of  the  ^^rvous  system.  ^^^^^^ 

found,  the  anatomical  ele.-nts  <>^^  «  ,,,,,,,, 

gray,  or  gelatinous  fibres.    IJndei  tbe  genei  ^  the  ganglia  of  the  roots 

tomically  at  least,  the  gray  matter  of  j,^„,erous  ganglia  of  the  sympa- 

of  the  spinal  and  cex^ain  of  the  -ma^--  '  t^^et  eon  titute  th'e  elential  anatomical 

thetic  system.    In  these  ^^^I'^^aZ  re^^^^^  the  contents  of  the  cells,  pale  fibres 

tx^f  -Fr^ 

:=t7S=it  tS^.SS^~  are  -  cells  and  the  prolon- 
gationsby  wMcb  they  are  connected  with  the  nerves. 

w  ^rPttv  well  a-reed  that  the  following  varieties  of 
iV.r..  c«ZZ..-Anatomists  are  now  P^^^^Jyj^.  '^^^'^tial  anatomical  elements;  viz., 
cells  exist  in  the  nerve-centres  --^^Jf 

apolar,  unipolar,  bipolar,  -"^7°  J"^^  .  ^^rnee  in  the  centres  in  small  numbers, 
of  apolar  ceUs,  there  can  be  little  doubt  of  then  ,tate  of  devel- 

andfas  is  suggested  by  kolliker  they  may  b^^^^^^^^^^  ,  „pp,„,,ee 

nucleolus?ike  other  cells,  but  -'t^^-  j;rr^rCaTcenti"  and  they  always  exist  in 
fibres.  They  have  been  observed  m  the  ^-f  ^'"^  bW.eve  that  the  poles  have 
the  sympathetic  ganglia.    Those  who  deny  their  existc 
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been  detached  in  preparing  specimens  for  examination.  Unipolar  cells  exist  iu  some  of 
the  lower  orders  of  animals,  but  their  presence  in  the  human  subject  is  doubtful.  Jiipo- 
lar  cells  are  found  in  the  ganglia  of  the  posterior  roots  of  the  spinal  nerves,  where  they 
are  of  considerable  size.  Smaller  bipolar  cells  are  found  in  the  sympathetic  ganglia. 
Multipolar  cells  present  throe  or  more  prolongations. 

Small  cells,  with  three,  and  rarely  four  prolongations,  are  found  in  the  posterior  cor- 
,  nua  of  the  gray  matter  of  the  spinal  cord.    From  their  situation  they  have  been  called 
sensory  cells.    They  are  undoubtedly  found  in  greatest  number  in  parts  known  to  be 
endowed  exclusively  with  sensory  properties. 

Large,  irregularly-shaped  multipolar  ceUs,  with  numerous  prolongations,  are  found 
chiefly  in  the  anterior  cornua  of  the  gray  matter  of  the  spinal  cord,  and  these  have  been 
called  motor  cells.    They  sometimes  present  as  many  as  ten  or  twelve  poles. 

With  all  these  differences  in  the  size  and  form  of  the  nerve-cells,  they  present  toler- 
ably uniform  general  characters  as  regards  their  structure  and  contents.  Leaving  out  the 
apolar  and  unipolar  cells,  the  perfectly-developed  cells  are  of  an  exceedingly  irregular 
shape,  with  strongly-refracting,  granular  contents,  frequently  a  considerable  number  of  pig- 
mentary granules,  and  with  a  distinct  nucleus  and  nucleolus.    The  nucleus  in  the  adult  is 


^  wrmilSf 1  ''''                          '^^^^  ^^'^  ol^-'ved.  Cells 

n   tl^    '    T  «^r^'ed  in  young  animals.   The  nucleoli  are  usually  single 

XI  and  the  Zr  r      •              '"'^  strongly-refracting  contents,  the  JecuL; 

•aZ^Z      7  ]  P™^°°?'^*'«'^«.       to  the  nerve-cells  an  exceedingly  characteristic 

■appearance,  which  is  represented  in  Fig.  182  aiaccousnc 

The  aiameter  of  the  cells  is  as  variable  as  their  form.    They  usually  measure  from 

11.0  ner™-ce|I,  aaicM  .■<!  »  ,,r»„o  to  <Jteratio„,  th.t  thei,-  studjr  1,  exc.ed- 
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"  f     rSX^^^^^^^^  of  opinion  tbat  „o«  o.i.i  ....on  .li 

involved  have  a  certain  amount  ot  P^^^  "  ^^ic^  tt^d  by  Frommann  and  confirmed 
stria3  in  the  axis-cylinder  treated  °  f;;^^^^^^^^^^^^  tL  substance  of  the  nerve- 
ty  Grandry  and  others,  have  f  thatihe  subsSnce  contained  in  the  cells  and  their 
eells.  While  this  fact,  perhaps,  ^^^^^^f  ^'^^f  Jfthl  lxis-cylinder,  as  we  stated  with  regard 
prolongations  is  the  s^e  -       ^^^^^^^  ,1,  ,e  'entirely  artificial,  and  that 


  ...,Uecr(l  «/ the  ox,  treated 

Kt..  l^:^Trc.uverse  section  of  tke  oray-f^f-^  '^X^'l^^y^  " 

The  r„ost  interesting  ^estionwith^gard  to  ^  ^^r^l^^Z^tltT 
to  the  mode  of  origin  of  the^r  fibres  or       -  lately  tbc  v:ew  ha« 

regarded  as  simple  prolongations  ^{'""l^^T^^^^  are  composed  of  ^^f  "^"^i^ 

he^n  advanced  that  the  ^^'''--^^V^^^^.tt^J^  frL  the  nucleoli.  The  fibnllat.on  pf 
continuous  with  the  poles  and  starting,  ^«  J7  g^^^.^^.e  in  an  article  m  one  of  the 
the  nerve-cells  and  their  P^-^^^^f  ^,f,ti  Igy  (Strieker) ;  but  some  other  emment 
most  authoritative  of  the  recent  works  "  f ^^^^^ibed,  at  least  in  the  human  sub- 

observers  have  failed  to  note  the  aPP^arances  heie^escr  .^^^^^^  ^^^^ 

•eJand  in  the  mammalia.  ^'^iT.rXtlnce  t  fi^rillated  has  little  more  than  an 
• , ells,  the  question  whether  or  not  the  cells  in  some  of  the  lower  orders 

anatomical  interest ;  but  there  can  be  no  doubt 
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of  animals  possess  striations  more 
or  less  regular.     These,  indeed, 
«'ere  described  soon  after  the  cells 
were  discovered.    While  there  is 
no  anatomist  who  denies  the  fact 
that  the  substance  of  the  cells  is 
marked  by  striro  in  many  animals, 
tiie  existence  of  an  analogous  ar- 
rangement in  the  human  subject 
is  still  doubtful.   Some  anatomists, 
with  Sehultze,  admit  the  striations 
but  have  failed  to  connect  them 
with  the  nuclei  and  nucleoli.  All 
admit  that  they  are  demonstrated 
with  great  difficulty;  and,  while 
this  question  is  so  important  that 
it  can  hardly  be  neglected  in  study- 
ing the  physiological  anatomy  of 
the  nerve-centres,  it  is  one  con- 
cerning which  it  seems  impossible 
to  express  a  positive  and  definite 
opinion. 


Connection  of  the  Nerve-eells 
with  the  Fibres  and  with  each  other. 
—Although  the  mode  of  connec- 
tion of  the  nerve-cells  with  the 
fibres  and  with  each  other  is  one 
of  the  most  important,  in  its  physi- 
ological bearings,  of  all  the  points 
connected  with  the  minute  anat- 
omy of  the  nerve-centres,  it  is  im- 
possible, in  the  present  state  of  our 
anatomical  knowledge,  to  answer 
the  questions  involved  in  a  manner 
entirely  satisfactory.    A  full  dis- 
cussion of  the  different  opinions 
and  the  methods  of  investigation 
that  have  been  employed  would 
be  out  of  place  in  this  work.  The 
difficulties  in  the  way  of  arriving 
at  positive  information  upon  these 
qnestions  are  the  following : 

1-  The  nerve-cells  and  their 
prolongations  are  so  delicate  and 
easily  torn  that  they  cannot  be 
isolated  and  followed  for  any  con- 
siderable distance,  and  theoretical 
considerations  are  constantly  re- 
:i""-ed  to  fill  up  the  deficiencies 
■n  actual  observation. 

2.  In  the  study  of  sections  of 
'  n«'-ve-centres,  the  parts  must 


ft 

.'V 
J 


b  'mi 

mm 


^'"■o/wr^T;?™""'"-^:''","/'"'  ««fertor  cornua  of  the  >>pi,ua  cord 

a,  a,  axls-cyllnder  prolongation ;  b,  b,  5,  b,  Dranching  prolongations, 
be  hardened  and  afterward  rendered  transparent  by 
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U.s«  chiino'e  in  the  structurcH;  and  it  HceaiH  an 
reagents,  which  ^^^^^^^^  out  the  p.olon.ations  of 

anatomical  ^"^y^^";;^™    doubt  their  exact  relationB. 

the  cells  far  enough  to  establiB  i  ^eyona  uouu  uncertainty  so  apiKir- 

Theso  two  cons— a^^^^^^^  antral  nervous 

enteven  m  tlie  "  ^^J/^'^''''^'  in  view  of  these  facts,  witli  giving  a  summary 

separated,  are  ^^P^^'^'f^l^f;,'^;  Juity.    Unipolar  cells  have  hut  one  prolongation, 
-it?—  w"r:  nrelC       is  notLtam  that  these  exist  in  the  human 

-^ilar  cells  are  lound  in  the 

some  of  the  1^-^^^'"^'^^  f^fl,,^  ZZs  [^^^^  nucleated  enlargements  in  the 
the  cells  of  the  gangha  of  the  spinal  neives  a  „^„tnmilt9  have  inferred  that  the  same 
course  of  the  sensitive  --^^^J-^'^.^J^S^  b^^  of  these  ganglia  in 

arrangement  exists  m  man  and  m  tl^^  J" '  l^^^^^,^       the  first  place,  the  roots 

the  higher  classes  of  animals  seems  to  ^'^^f °  ;^'i^X';,g^forced  by  the  addition  of  new 
of  the  spinal  nerves  at  f  ^.^l-  -^^^^^^^^^^^^^  sensibly  larger 

fibres,  as  Kolliker  has  shown  by  ^^^""^l!^^^'^'  l^^ve  the  same  diameter, 

beyond  the  ganglia,  while  '^fT^^^^^^ZloZ^^^^^^^  the  arrangement  which  is 
Direct  observation  upon  the  f^^^'^,  posterior  roots  are  not  continuous  with 

so  clearly  demonstrable  m  fishes,  ^l^e  cells  m  the  ^^^^^  ^^^^  ^^^.^^^ 

the  fibres  passing  from  ^^P^P^^^'-^,  °  f  J^^^,^^^^^  ,nd  sometimes  bifurcated,  and 
generally  two  in  number,  which  sometime^     'tance   if  not  in  all,  to  the  periphery. 
Ihich  pass,  in  by  far  the  greatest  number     '"^^^^^^^^^^^  ^^^^i  in  all  of  the  gangha, 

The  multipolar  cells,  with  three  or  more       « J^^f ^^^^ ^        centres.    It  is  the 
but  they  predominate  largely  In  ^^^^//^^^^^^^^^^  the  fibres  of  origin  of 

question  of  the  exact  mode  f  ^.^^'^^^^f^^^^f^^^^^^  each  other  by  commissural  pro- 

Jhe  cerebro-spinal  nerves  and       "^"^^  ^certainty.    One  point,  which  has 

longations,  that  presents  the  g-tes  diffi^^^^^  Te  Iracter  of  the  difierent  poles 
been  raised  within  a  /f  "^^^^  .^^J  .'parations  of  the  central  nervous  system, 
connected  with  the  same  ce  l.  /.^  o^™^^^^^^^  magnifying  powers,  to  distmgmsh  any 
it  is  impossible,  even  with  the  ^^'g^^^*  J^^^f  ^.^^"SoL,  Is  different  from  the  others; 

one  pole  which,  ia      ^-^^  ^^^pi   mo^^^^^^  -       -^^^'^^^  f""^  T 

vet  some  anatomists  describe  a  single  poie,  mo  ^^g.^ylinder.  The  other  poles 
0  Ls,  which  does  not  branch  and  is  to  ^ V^^-f  ^^J^^^^^td  Jh  the  nerve-fibres,  and 
a  e  supposed  to  be  of  a  difl^erent  ^^-^J'^tanXe  Tl^-e  views  are  accepted  by 
always  presenting  a  greater  or  ess  nu^^^^^^  ,,tween  the  poles  . 

Schultze,  who  gives  a  ^8"™' '^^f  ^J^'^,  '''\;-3 Opinion  is  accepted  by  other  high  authori- 
represented  as  very  marked ;  but,  f  *^°^f  f !  "P'^^^^i^.i  without  reserve,  when  it  is  so 
tie.  it  is  not  easy  to  understand  how  it  can  be  receivea  ^.^^^^^^ 
difficult,  if  not  impossible,  to  follow  the  pdes  exce^  t  .e  Jdoubt  with  regard  to 
With  our  present  means  of  investigation,  ther^  ^^'"^^  ^^igin,  they  are  seen  to  lose 
the  following  facts:  Tracing  the  ^^erve-fibres  towa  d  the  r  m  ^^^^^  being 
S  i  tvesting  membrane  as  soon  as  they  pass  mto  ^e  axis-cylinder.  Th.y 

here  composed  only  of  the  ^'^^^^'^Y'^YZZ  ^^^^^^^  here  the  medul- 

then  penelrate  the  gray  substance  in  ..ake  out  all  of  their  relaj 

lary  substance.  In  the  gray  substance  i  is  '-P;;^;";^;  ^^ive  demonstration,  that  all 
tions  distinctly,  and  we  cannot  assume,  as  ^'^ J"^  t^^^  gtui,  it  has  been  shown, 

of  them  are  connected  with  the  poles  of   ^e  "Ci  e      ^^^^^       ^^^^^^  prolongations 
in  the  gray  matter  of  the  spinal  cord,  that  many 
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of  th,  tU.  othe,,  ..rotably  ,«.»ng  upward  to  be  oonnocloJ  w,d,  i„ 

„„tbr.„cl,  fj'  f"  ,  ,b„,„t  greater  oi-  loB.lenelh;  but  if  1,A»  never  bee,, 
;!^t:oXZZ:t^o^.  J.  ..,».  eo„neete.  i.,to  »,,„ate  a„.l  a.t,ne. 

:":X%tJ>'^Ml.        t...  exceUent  »onop»pU  o«  tbo  lumbar  en,a,^e. 


Fio 


in  every  direction. 
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siiont  of  the  spinal  cord,  by  Dean,  shows  the  mode  of  connection  between  certain  of  the 
ceUular  prolongations  and  the  fibres  of  the  anterior  roots,  and  tlie  commissural  fibres  by 
which  the  colls  are  connected  with  each  other. 

Accessory  Anatomical  Elements  of  the  Nerve-centres. — While  we  must  regard  the  cells 
of  the  gray  matter  and  the  axis-cylinder  of  the  nerves  as  probably  the  only  anatomical 
elements  concerned  in  innervation,  there  are  other  structures  in  the  nervous  system 
which  it  is  important  for  us  to  study.  These  are  the  following  :  1,  Outer  coverings  sur- 
rounding some  of  the  cells;  2,  intercellular,  grajiular  matter;  3,  peculiar  corpuscles, 
called  myelocytes;  4,  connective-tissue  elements  ;  5,  blood-vessels  and  lymphatics. 

Certain  of  the  cells  in  the  spinal  gangha  and  in  the  ganglia  of  the  sympathetic  system 
are  surrounded  with  a  nucleated  covering,  removed  a  certain  distance  from  the  cell  itself, 
so  as  to  be  nearly  twice  the  diameter  of  the  cell,  which  is  continuous  with  the  sheath  of  the 
dark-bordered  iibres.  This  membrane  is  always  nucleated,  and  Kolliker  has  lately  shown 
that  it  is  not  homogeneous,  as  was  at  one  time  supposed,  but  is  composed  of  a  layer  of 
very  delicate  epithelium.    The  physiological  significance  of  this  covering  is  not  apparent. 

In  the  gray  matter  of  the  nerve-centres,  there  is  a  finely  granular  substance  between 
the  cells,  which  closely  resembles  the  granular  contents  of  the  cells  themselves.  In  addi- 
tion to  this  granular  matter,  Eobin  has  described  new  anatomical  elements  which  he  has 
called  myelocytes.  These  are  found  in  the  cerebro-spinal  centres,  forming  a  layer  near  the 
boundary  of  the  \vhite  substance,  and  they  are  particularly  abundant  m  the  cerebellum. 
They  exist  in  the  form  of  free  nuclei  and  nucleated  cells,  the  free  nuclei  being  by  far  the 
more  numerous.  The  nuclei  are  rounded  or  ovoid,  with  strongly-accentuated  borders, 
are  unafi"ected  by  acetic  acid,  finely  granular,  and  generally  without  nucleoli.  The  cells, 
are  rounded  or  slightly  polyhedric,  pale,  clear,  or  very  slightly  granular,  and  contain 
bodies  simDar  to  the  free  nuclei.  The  free  nuclei  are  from  ^  to  ^  of  an  inch  in 
diameter,  and  the  cells  measure  from  ^  to  ^Vu,  and  sometimes  ^iW  of  an  inch. 
These  elements  also  exist  in  the  second  layer  of  the  retina. 

There  has  been  a  great  deal  of  discussion  with  regard  to  the  presence  or  absence  of 
connective-tissue  elements  m  the  cerebro-spiual  centres.  In  the  other  gangha,  there  has 
never  been  any  doubt  with  regard  to  the  presence  of  connective  tissue  in  greater  or  less 
amount,  and  in  the  cerebro-spinal  centres  there  can  be  hardly  any  question  of  the  exist- 
ence of  an  exceedingly  delicate  stroma,  chiefly  in  the  form  of  stellate,  branching  cells 
serving,  m  a  measure,  to  support  the  nervous  elements.  ' 

The  blood-vessels  of  the  nerve-centres  form  an  exceedingly  graceful  capillary  net-work 
with  very  large  meshes.   The  gray  substance  is  inuch  richer  in  capillaries  than  the  white. 

A  remarkable  peculiarity  of  the  vascular  arrangement  in  the  cerebro-spinal  centres 
has  already  been  described  in  connection  with  the  lymphatic  system.  The  blood-vessels 
here  are  surrounded  by  what  have  been  called  perivascular  canals,  first  described  by 
Kobm,  and  afterward  shown  by  His  and  Robin  to  be  radicles  of  the  lymphatic  system. 

ComjMsition  of  the  Nervous  Substance. 

Our  knowledge  of  the  chemical  constitution  of  the  nervous  system  is,  in  many  regards 
quite  unsatisfactory ;  but  these  tissues  contam  certain  elements  that  have  been  very  satis- 
Jaotonly  determined.  The  chemical  characters  of  cholesterine,  for  example,  have  long  been 
known  to  physiologists,  as  well  as  the  fact  that  this  principle  is  a  constant  constituent  of 
the  nervous  substance,  united  in  some  way  with  the  other  proximate  principles,  so  that 
It  Uoes  not  appear  in  a  crystalline  form.  Since  we  demonstrated,  in  1862,  the  relations 
0  cholesterine  to  the  processes  of  disassimilation,  this  principle  has  assumed  its  proper 
Place  as  one  of  the  most  important  of  the  products  of  physiological  waste  of  the  or-an- 

fln- 1     ""T^  '^"^  cholesterine,  with  the  processes  for  its  extraction  from 

too  nmds  and  tissues  of  the  body,  have  been  fully  considered  under  the  head  of  excretion 
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Reirardins  cliolestorine  a.  an  excrementitious  product,  to  bo  classed  with  principles 
Ist^cd  LXto  be  eliminated  from  the  organism,  the  nerve-substance  proper  has  been 

o  dto— 

have  been  more  or  less  accurately  determmed;  vj..,  P^'f f?"-  ™  '  ' 
combined  with  phosphorus,  and  bases  combined  with  peculiar  tatty  acids. 

P..,..^h.prm^^^^ 

.osed  vessel,  ^^zj^z:^:::^:^  ^z^:iz:£:::LZ 

ethereal  '^y^^rTZ  f^  U^^^^^^^  agl  filtered,  and  is  exposed  to  a  temperature  of 
l^lndanT^r^^^^^^^^^^  then'separltes,  whieh'is  washed  with  ether  and  desiccated 
32  .  P  J     thus  obtained  in  the  form  of  a  white  powder.    Since  this 

:  iJ.  Eribed  in  the  brain-substance,  a  compound  analogous  to  if  not 

X  ota^on  t  s  bl  discovered  by  Hermann  in  the  blood-corpuscles.  In 
wene i^cLemtcal  characters,  protagon  resembles  the  albummoid  proximate  prm- 
W    hi  t    Presents  the  remarkable  difference,  that  the  sulphur,  which  exists  in  many 


lecithene. 


represent  the  albummoid  element  of  the  "^rvous  tiss  ^^^^^^^^^  ^^^.^  y,,<leil 
constituent  of  the  nerve-substance  have  neyei  ueeu  ^^,.^„„„p    According  to  these 

place  neurine  among  the  proximate  principles  ot  Wben  inciner- 

Lthors,  this  is  the  organic  si.bstance  onhe  b^  m,^^^^^^^^^^^^^  ^^^^^ 
ated  it  does  not  leave  a  residue  ^^^^^^^^^^^^^  Ocularly  those  of  Liebreich,  neurine 

xnatter.    According  to  more  ^^^^fSe^di  is  oLined  by  boiling  protagon 

is  a  derivative  of  protagon.    The  "^^"^f^  «^  ^^^^^^       phospho-glycerate  of 

for  twenty-four  hours  m  ^^--y^^^l^^' this  substanL  camiot  properly  be 
baryta,  and  a  new  base,  neurine.    It  is  eviaent 

regarded  as  a  well-determined  P'-"^^!J"*"P"^'X  of  neurine  are  important  as  a  steptow- 
^he  observations  of  Wurtz  upon  the  do  not  afford  an  example 

found  in  the  nervous  substance  have  been  ^«  the  earlier  observations, 

that,  even  now,  P^-^ t'^uf  ™  cholesterino. 
the  fats  extracted  from  the  ^-^-fT^J^  feSue  contains  a  variety  of  principles. 
This  substance  has  now  been       ^ted' and  t^^^  ,,nited  with  the  nitrogen- 

which  seem,  under  physiologica  '^^f^^Z^t^^J^.l  law  that  fats  exist  in  the 
ized  substance,  presenting  one  of  the  ^^«^P*^°°^  "^^^^^^^  of  fatty  matter,  we  can  deter- 
body  uncombincd  except  with  each  other    Injhis_  ma^  ^^^^^^  ^^^^^^^^ 

mine  the  presence  of  oleine,  "^'^^S'^;;^' f^^Ji'^rity  of  most  of  which  is,  that  they  contain 
fats,  fatty  acids,  etc.,  the  remarkable  P^^^^^^^^  ^^^^.^p^es  have  received  a  variety 
a  certain  proportion  of  phosphorus,    ^hese  pecuu.  i-      ^^^^^^^  observers,  such 

of  names,  as  they  have  been  described  moi^  o        °  '^f  ^^,^,5,  ..id,  and  cerebrate  of 

as  cerebrine,  white  and  red  P'^^P  l^^'^^^^Vi  is  v^^^^^^^^  ""'^  ^'^^^'^ 

soda.    The  application  of  most  of  these  names  is  very 
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tlio  substances  are,  in  greatest  part,  peculiar  to  tlie  nervous  tissue,  and  that  they  contain 
pliosphorus,  we  have  stated  about  all  that  is  physiologically  important.  Locithcnc  is  a 
neutral  phosphorized  fat,  probably  composed  of  a  number  of  different  fatty  principles, 
wliieh  exists,  not  only  in  the  nervous  substance,  but  in  the  blood,  bile,  and  the  yolk  of 
egg.  Its  chemical  history  has  no  physiological  interest.  It  is  said  to  be  identical  with 
protagon  (Robin).  The  same  may  be  said  of  cerebric  acid,  the  cerebrate  of  soda,  of  oleo- 
phosphoric  acid  and  its  compounds  with  soda  and  lime. 

Corpora  Amylacea. — Little  rounded  or  ovoid 
bodies,  abont  ywv^  of  an  inch  in  diameter,  have 
been  described  by  Virchow  and  others  as  exist- 
ing normally  in  tbe  corpora  striata,  the  medulla 
oblongata,  and  in  some  other  parts  of  the  cere- 
bro-spinal  system.    With  regard  to  the  actual 
composition  of  these  bodies,  there  is  considera- 
ble difference  of  opinion.    Virchow  and  many 
others  regard  them  as  identical  with  starch,  the 
granules  of  which  they  certainly  resemble  very 
closely,  being  of  the  same  shape,  with  borders 
well  defined,  frequently  presenting  concentric 
lamintB  and  a  hilum.    When  carefully  treated, 
first  with  a  solution  of  iodine  and  then  with  a 
little  sulphuric  acid,  they  assume  a  blue  color. 
Some  observers  consider  them  as  analogous  to 
cellulose,  others  have  supposed  that  they  are  formed  of  cholesterine,  and  others  regard 
them  as  nitrogenized  bodies.    These  points  are  of  purely  anatomical  intei-est,  and  the 
physiological  relations  of  these  bodies  are  not  known. 


'ii't— Corpora  ami/lacnu.  (I'liukf.) 


Regeneration  of  the  Nervous  Tissue. 

We  do  not  propose  to  discuss  fully  the  question  of  the  regeneration  of  nerves  after 
section  or  even  excision  of  a  portion  of  their  substance,  although  it  is  one  of  great  patho- 
logical interest;  but,  in  this  connection,  we  shall  refer  to  some  experiments  recently 
made,  in  wliich  it  appears  that  it  is  possible  for  certain  of  the  most  important  of  the 
nerve-centres  to  be  regenerated  and  their  function  restored  after  extirpation. 

Witli  regard  to  the  simple  reunion  of  nerves  after  division  or  excision,  it  has  long 
been  known  that  this  takes  place  in  the  human  subject  and  in  the  inferior  animals  with 
restoration  of  function.  The  new  tissue  connecting  the  divided  extremities  of  the  nerve 
seems  to  pass  through  the  regular  stages  of  development  observed  in  the  nerve-tissue  of 
the  embryon,  the  gelatinous  fibres,  or  the  fibres  of  Remak,  first  appearing,  and  these 
bemg  subsequently  developed  into  true  nerve-tubes.  In  this  process  there  is  not  a  cica- 
trix, as  in  the  skin  or  muscular  tissue,  but  a  development  of  new  elements  possessing  the 
anatomical  and  physiological  characters  of  the  original  structure. 

A  point  of  considerable  physiological  interest  connected  with  the  regeneration  of  the 
nervous  tissue  is  involved  in  the  recent  observations  of  Voit  upon  the  regeneration  of 
the  cerebral  lobes  after  removal  in  a  pigeon,  and  in  those  of  Masius  and  Vanlair  upon  the 
anatomical  and  functional  regeneration  of  the  spinal  cord  in  frogs. 

_  The  experiments  recorded  by  Voit,  and  his  deducti6ns,  are  very  curious  and  have 
given  rise  to  a  great  deal  of  comment  and  criticism.  In  one  observation,  the  cerebral 
lobes  were  removed  from  a  young  pigeon  in  the  usual  way,  an  operation  very  easily  per- 
ormed  and  one  which  we  practise  yearly  as  a  class-demonstration.  It  is  particularly 
«tatea  that  the  operation  was  complete,  and  that  the  entire  posterior  lobes  were  removed 
rir,i  ^/t"'  tl^VPf^^tio".  "''^  Pifieon  presented  the  condition  of  stupor  ordinarily 
Observed.    As  he  gradually  recovered  from  this  condition,  he  began  to  execute  a  number 
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of  .echanioai  .novo:nent.  which  it  '77^^-:^^:^::^ r';;iu;L:i;:^:E 

and  began  to  tiy  ^^^^'^^^^^^  ^^'^^^^  I^^^L  the  nom.al  condition.  One  thing,  however, 
a  time,  to  have  nearly  or  <iu.to  "'^"'^^^ kept  alive  by  stuffing,  as  is 
was  remarked :  the  ammal  never  took  1°"   C  ^  M  as  p.oo  i  J     1  j^.j,^^^ 

'■^■^'^-r  ^    ^d^ =^  with"  ^ 

of  the  brain  -^-^^ad  Xf^:^^:^^^^^^^^^  P-ntlng  a  eavity  filled 

not  been  removed.    It  bad  t  e  lo  ^^^^^         .^^  ^.^^.^^  ^^^^^1^. 

with  liquid,  and  a  septum.  ^^^^J^^^^^.^'^^  ob  ervation  is  certainly  one  of  the 
contour,  and,  in  their  meshes,  g^^^^^'/^^^^  J^^^^  of  its  results,  it  would 

,nost  remarkable  on  record,  '^'^'^'^f  ^  reputation  of  Prof.  Voit.  As 

hardly  be  accepted  for  a  moment,  but  tor  the  eBtaDUsuea    i  ^^^^ 

it  is,  such  an  observation  demands  ull  -^A™'^*-^-  ^  Ttt  absolutely  necessary  to 
,een  in  the  habit  of  ^f;^^J::j:t1JT^^  -^m  results,  and  that 
remove  every  portion  of  then  substance,      om^i  demonstrations  to  a 

this  is  accomplished  sometimes  with  -jj-'^^^^^^^^^^^  observed  recovery,  more 
medical  class,  we  have  frequently  -^f;^'f'lJl'Xr^^  lobes  escaped.  This  criticism 
or  less  complete,  when  but  a  sinall  p-'f  °^  by  Vulpian,  and  its  pertinence 

upon  the  remarkable  observation  just  only  to  study  the  experi- 

will  he  recognized  by  every  practical  V^j  f^^^^^-  ^Zlr  Zmll' a  part  of  one  of  the 
nients  first  made  by  Flourens  to  learn  ^^^'J  fj^f  the  whde,  after  this  function 
great  central  ganglia  may  gradually  assume  the  fun  turn  ot  tn  ,  ^^.^^  ^^.^ 

L  been  interrupted  by  the  first  ^  '  J       J^l^^^^^^        by  physiologists,  but  it 
observation  because  it  has  been  ^o  ^^^^^'^'^'^'J  ."^^  ^^^^^^  ^.entre  like  the  cerebrum,  may 
is  far  ft-om  establishing  the  principle  that  a  ^^'^'^IZXt^l^^^^^^^ 
be  anatomically  and  functionally  regenerated         ^^^^^^^  the  regeneration 

The  general  results  of  the  experiments  of  ^^^^^^^^         l^^^,^^  Jits  substance,  show 
of  parts  of  the  spinal  cord  in  frogs,  ^^^7;^^^  Restoration  of  function.  The 

that  such  reparation  may  take  place  and      f  ^^^Jf^J       ^,l„^tary  motion  appears  in 
formation  of  cells  precedes  the  ^^^^^Y^'^'^JJ^^^^^     are  no  instances  on  record 
the  parts  situated  below  the  lesion,  before  ^^^'l^J^M^i  anhnals. 
of  such  regeneration  in  the  human  subject  oi  m  the  warm 

Motor  and  Sensory  Nerves.  ^ 

The  physiological  property  of  nerves  ^^^ch  embles  ^^^J^"       ^^^je^T^^  agent 
centres  the  impressions,  stimulus  force,  ol  whate^er^        ^P  ^^^^^^  ^^^^^^^^^^ 
xnay  be,  is  one  inherent  in  the  ^'f^J^^  J^^tr.^o^.    So  long  as  the  nerves 

dependent  for  its  continuance  -^0^^^^^^;''^^,  pbysiological  property,  which 
maintain  these  conditions,  hey  retam  f^^^^ 

is  generally  known  under  the  name  of  luitabi^^^^  appreciat.on  ot 

\side  from  the  special  senses,  \i,e  nerves,  we  appreciate  what  are 

weight,  it  is  known  to  every  one  ^^^^  ' / "^^trvolimtaiV  I  '^^^7 

called  ordinary  sensations  ^^\^'-'.^;'''''^tTor^^^^  power  of  motion  be  divided  both 
distributed  to  a  part  endowed  with  ^^f  ^^^^^^^^J^^  a  reunion  of  the  divided 

of  these  properties  are  lost  and  can  only  be  r  ga  n  exposed  in  its  course 

nerve.    Again,  it  is  equally  wel  1-°;- Z  muscles  to  which  it  is  d-tnbut  ^, 

and  irritated,  violent  movements  t^^^^^  P^'^'^^J^"  \  ^^^^  the  same  source.    These  facts, 
nd  pain  is  appreciated,  referred  to  V^^^^f^J^i  the  general  system  of  nerves  « 

.vhich  were  fully  appreciated  by  ^^^^^^  Ih  question  being  simply  whether  these  be 

endowed  with  motor  and  sensory  propeities,  tl.e  q 
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inherent  in  the  same  fibres  or  belong  to  fibres  physiologically  distinct  and  derived  from 
different  parts  of  the  central  system.  This  question,  which  was  solved  only  about  half  a 
century  ago,  will  be  the  first  to  engage  our  attention. 

Distinct  Seat  of  the  Motor  and  Sensory  Properties  of  the  Spinal  Nerves.— AW  of  tlio 
nerves  that  take  their  origin  from  the  spinal  cord  are  endowed  with  motor  and  sensory 
properties.  These  nerves  supply  the  whole  body,  except  the  head  and  other  parts 
receiving  branches  from  the  cranial  nerves.  They  arise  by  thirty-one  pairs  from  the 
sides  of  the  spinal  cord,  and  each  nerve  has  an  anterior  and  a  posterior  root.  The  ana- 
tomical difi:erences  between  the  two  roots  are  that  the  anterior  is  the  smaller  and  has  no 
ganglion.  The  larger,  posterior  root  presents  a  ganglionic  enlargement  in  the  interver- 
tebral foramen.  Just  beyond  the  ganglion,  the  two  roots  coalesce  and  form  a  single 
trunk.  The  nerve-fibres  in  the  two  roots  are  not  of  the  same  size,  the  anterior  fibres 
measuring  on  an  average  about  one-fourth  more  than  the  posterior  fibres.  The  structure 
of  the  ganglia  of  the  posterior  roots  has  already  been  considered  sufficiently  in  detail. 

It  would  be  unprofitable  to  discuss  the  vague  ideas  of  the  older  anatomists  and  physi- 
ologists with  regard  to  the  properties  of  the  roots  of  the  spinal  nerves,  and  we  can 
date  our  information  upon  this  point  from  the  suggestion  of  Alexander  Walker,  in  1809, 
that  one  of  these  roots  was  for  sensation  alone  and  the  other  for  motion.  It  is  most 
remarkable,  however,  that  Walker,  fi-om  purely  theoretical  considerations,  should  have 
stated  that  the  posterior  roots  were  motor  and  the  anterior  roots  sensory,  precisely  the 
reverse  of  the  truth,  and  should  have  advanced  this  view  m  a  publication  as  late  as 
1844.  In  the  work  alluded  to,  which  contains  some  of  the  most  extraordinary  pseudo- 
scientific  vagaries  ever  published,  it  is  curious  to  see  how  near  Walker  came  to  the  great- 
est discovery  in  physiology  since  the  description  of  the  circulation  of  the  blood. 

It  is  unnecessary  to  enlarge  upon  the  importance  of  the  discovery  that  the  anterior 
roots  of  the  spinal  nerves  are  motor,  and  the  posterior,  sensory,  and  that  the  union  of 
these  two  roots  in  the  mixed  nerves  gives  them  their  double  properties,  for  we  can  hard- 
ly miagme  a  physiology  of  the  cerebro-spinal  nervous  system  without  this  fact  as  the 
startmg-pomt.  In  an  article  published  in  Enghsh,  in  October,  1868,'  and  in  French 
durmg  the  same  year,=  we  have  given  an  elaborate  review  of  the  whole  subject,  being 
prompted  to  do  so  by  the  perusal  of  what  purported  to  be  an  exact  reprint  of  the  origi- 
nal pamphlet  by  Charles  Bell.  This  pamphlet  was  printed  for  private  circulation,  in 
1811,  and  was  never  published.  It  has  been  entirely  inaccessible,  and  its  contents  were 
only  to  be  divined  by  references  and  quotations  in  the  subsequent  writings  of  Sir  Charles 
Bell  and  of  his  brother-in-law,  Mr.  Shaw. 

Physiological  literature  does  not  present  another  instance  of  the  merit  of  a  great  dis- 
covery restmg  upon  references  to  an  unpublished  pamphlet,  which  no  student  could  pos- 
sibly consult  in  the  original,  none  of  these  references,  upon  close  analysis,  proving  to  be 
entirely  distinct  and  satisfactory.    It  is  not  to  be  wondered  at,  therefore,  that,  in  our 
study  of  the  origin  of  one  of  the  greatest  discoveries  of  all  ages,  a  reprint  of  the  original 
memoir  should  be  examined  with  the  most  critical  care.    That  this  reprint  was  correct 
seemed  probable  from  a  comparison  of  its  text  with  the  quotations  from  the  original  to 
be  found  in  the  writings  of  Sir  Charles  Bell  and  Mr.  Shaw,  and  from  the  testimony  of 
reviewers  who  claimed  to  have  compared  it  with  the  original.    Within  a  short  time 
liowever,  an  authorized  reprint  in  full,  from  a  manuscript  in  the  hands  of  the  widow  of 
the  author,  has  appeared  in  the  Journal  of  Anatomy,  r 

When  the  only  reprint  of  the  celebrated  pamphlet  of  Sir  Charles  Bell  was  itself  exces- 
sively rare,  we  thought  it  desirable  to  make  long  quotations  to  indicate  the  ideas  enter- 
tamed  by  Bell  regai-ding  the  properties  of  the  two  roots  of  the  spinal  nerves ;  but,  now 

UrilT^'  ConnderaUon,  concernin  g  the  Properties  of  the.  Boots  of  the  Spinal  Kei'vea-Ounr 

terlu  Jounml  of  rmjchological  Medicine,  Ne«-  York.  1808,  vol.  11.  p  025  et  neq  JSei'Vea-Quar- 
Joumal  de  Fanutomie,  Paris,  1868,  tome  v.,  p.  .521),  eteeq.,  and  p.  675,'  et  seg. 
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that  an  authorized  reprint  can  he  bo  readily  consulted,  it  is  only  necessary  to  refer  to 
Sto  sW  tl  at  Belldidnotatthatti.no  regard  the  anterior  roots  as  motor  and  the 
IhoI-  ^ots  as  sensory,  hut  that  he  thought  that  the  ^^'^^^^  J^^^j:;;:^^^:^; 
Inotion  and  sensation  and  the  posterior  J^^^^^ 
the  hodily  frame,  or  the  connections  wh.ch  unite  the  parts  ot  the  ^"f  ^ '"^^^^^^^^^^^^^^^^^^ 

In  Aueust  1822,  Magendie  puhlished  his  iirst  expenments  upon  the  funct  onS  ol  the 
rooL  ff  Se  nerve  .    Unlike  any  of  the  observations  made  by  Ohai  es  Bell  upon  th 
roots  ot        ne  j^^^^^^u    n  living  animals.    The  spinal  canal  was  opened,  and 

rcor7;iV  r  orof  1  n  rves,  wfs  exposed.  The  posterior  roots  of  the  lun.har 
fnd  sacl'n™  wer^th^  divided'upon  one  side  and  the  wound  was  united  w.th 
sutures    The  result  of  this  observation  was  as  follows : 

"   thought  at  first  that  the  limb  corresponding  to  the  'l'-'^^^^  J// J^j:; 

naralyzed  •  it  was  insensible  to  pricking  and  to  the  most  severe  pmching,  it  also  appeared 

and  that  they  were  more  particularly  devoted  to  sensibd.ty. 

ThP  Pxneriments  in  which  the  anterior  roots  were  divided  were  no  less  stiikmg  . 

"  As      rpreceLg  experiments,  I  only  made  the  division  upon  one  side,  in  orde 
AS  m  tne  preceumg     i  ,  .  j     j  ^  curiosity  I  followed  the 

to  have  a  term  ot  comparison.    One  can  ^  J^^^  completely  motion- 

effects  of  this  division  ;  they  were  not  at  al  l^in^llv  that  nothing  should  be 

less  and  flaccid,  while  it  preserved  a         V'""  '^^he  noS^^^^^  fo"-^'l 
neglected,  I  divided  at  the  same  time  the  anterior  and  the  posteuoi 
absolute  loss  of  sensation  and  of  motion." 

''"rrorn  these  experiments  Magendie  drew  tj^^^foU^^^^^^^  of  them  in 

u  I  am  following  out  my  ^^^^^^^^^^^^^  present  as  positive, 

the  following  number ;  it  is  sufiicient  for  me  to     aoi  ^^^^ 
that  the  anterior  and  the  posterior  roots  of  ^^^^fj^l  v  devoted  to  sensibility, 
have  different  functions,  that  the  posterior  seem  P™"V," 
while  the  anterior  seem  more  especiall^^^^^^^^^^^  ^^^^^^^^ 

In  the  second  note,  pubhshed  in  the  same  voi  following 
(1822),  Magendie  exposed  and  irritated  the  two  roots  of  the  nenes, 

results :  ,  .  i       ,-,r,=tPvinr  roots  or  the  nerves  of  sen- 

"  I  commenced  by  examining  in  this  regard  ^'^'^^'l^^^  '  .^^^^  or  pricking 
sation.  The  following  is  the  result  which  1  observed^  ^7;^ i^^mpared  asVegards 
these  roots,  the  animal  manifested  pam;  ^^If^^J^l^^^  touched,  even  lightly, 
intensity  with  that  which  was  f -^l^^^i ^^^^^P^f^^  Xat  lie  posterior  roots  were  thus 
at  the  point  of  origin  of  the  roots.  .fj;^^^' X  to  nerves  were  distrib- 

stimulated,  contractions  were  produced  -  ^^^^^^^  ,,e  infinitely  more  feeble 
nted;  these  contractions,  however  are  not  we  I  m^^^^^^^  a  bimdle  of  the  posterior 

than  when  the  cord  itself  is  touched.  „^ "^^^^tL^^h^^^^^^  which  the  bundle  is 

root  is  cut,  there  is  produced  a  movement  m  totality  m  the  limo 

distributed.  .  anterior  roots,  and  I  obtained  analogous 

u  I  repeated  the  same  experiment  on  t^^'^^^^^  ^^^^i^d  by  the  contusion,  the  prick- 
results,  but  in  an  opposite  sense ;  for  the  ^  of  sensibility  are  hardly 
ing,  etc.,  are  very  forcible,  and  even  ---i^;;^^;*;  ^f^ave  announced ;  only  they 
visible.  These  facts  are,  then,  ^^^^J^^f^^J^^^^^^^^  posterior  roots,  any  more  than 
seem  to  establish  that  sensation  is  not  ^^f  ^^^^  arise.  When,  iu  the  pro- 
motion in  the  anterior  roots.  f  Si  y  ^^^^^^^^^^  "l^^'' 
ceding  experiments,  the  roots  had  been  cut,  they  v.  c  ^^^^^^  ^^^4,^^. 
not  the  disturbance  communicated  to  tlie  coiu  ^  j  repeated 
tions  or  of  the  pain  which  the  animals  expenenced?    To  lemo^e 
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till!  oxperiiuents  after  having  separated  tlio  roots  from  the  cord ;  and  I  must  say  that, 
except  hi  two  animals,  in  which  I  saw  contractions  when  I  pinched  or  pulled  the  anterior 
and  posterior  roots,  in  all  the  other  instances  I  did  not  observe  any  sensible  effect  of  irrita- 
tion of  the  anterior  or  posterior  roots  thus  separated  from  the  cord." 

Magendie  then  goes  on  to.say  that,  when  he  published  the  note  in  the  preceding  num- 
ber of  the  journ'al,  he  supposed  that  he  was  the  first  who  had  thought  of  cutting  the  roots 
of  the  spinal  nerves ;  bnt  he  was  soon  undeceived  by  a  letter  from  Mr.  Shaw,  who  stated 
that  Bell  had  divided  the  roots  thirteen  years  before.  Magendie  afterward  received  from 
Mr.  Shaw  a  copy  of  Bell's  essay  ("Idea  of  a  New  Anatomy  of  the  Brain"),  and,  as  will 
be  seen  by  the  following  extract,  gave  Bell  full  credit  for  all  las  observations  : 

"  It  is  seen  by  this  quotation  from  a  work  which  I  could  not  be  acquainted  with,  inas- 
much as  it  had  not  been  published,  that  Mr.  BeU,  led  by  his  ingenious  ideas  concerning 
the  nervous  system,  was  very  near  discovering  the  functions  of  the  spinal  roots;  stiU  the 
fact  that  the  anterior  are  devoted  to  movement,  while  the  postei-ior  belong  more  particu- 
larly to  sensation,  seems  to  have  escaped  him ;  it  is,  then,  to  having  established  this  fact 
in  a  positive  manner  that  I  must  limit  my  pretensions." 

Such  are  the  experiments  by  which  the  properties  of  the  roots  of  the  spinal  nerves 
were  discovered.  From  that  time,  the  fact  took  its  place  in  science,  that  the  posterior 
roots  are  for  sensation  and  the  anterior  are  for  motion.  Some  discussion  has  arisen  as  to 
whether  the  anterior  roots  do  not  possess  a  certain  amount  of  sensibility,  called  recur- 
rent sensibility,  and  this  question  has  engaged  the  attention  of  physiologists  within  a  few 
years  ;  but  the  distinct  functions  of  the  two  roots  have  never  been  doubted.  Before  the 
days  of  ansesthetics,  exposing  the  roots  of  the  nerves  in  the  dog  was  very  laborious,  and 
painful  to  the  animal,  and  the  disturbances  produced  by  so  serious  an  operation  interfered 
somewhat  with  the  effects  of  irritation  of  the  different  roots.  But,  now  that  the  canal 
may  be  opened  without  pain  to  the  animal,  the  experiments  are  much  more  satisfactory 
and  have  often  been  repeated  by  physiologists.  We  have  frequently,  indeed,  demon- 
strated the  properties  of  the  roots  of  the  nerves  in  public  teaching. 

Properties  of  the  Posterior  Roots  of  the  Spinal  Nerves.— It  is  unnecessary  to  follow 
out,  from  the  date  of  the  first  experiments  by  Magendie  to  the  present  day,  the  observa- 
tions that  have  been  made  from  time  to  time  upon  the  properties  of  the  roots  of  the 
spinal  nerves.  For  many  years,  the  difficulties  in  operating  upon  animals  high  in  the 
scale  rendered  confirmatory  experiments  somewhat  unsatisfactory.  The  great  German 
physiologist,  J.  Mailer,  showed,  in  experiments  made  upon  frogs,  in  1831,  that  irritation 
of  the  posterior  roots  produced  no  convulsive  movements ;  but  he  despaired  of  operating 
satisfactorUy  upon  warm-blooded  animals.  Magendie,  in  his  later  experiments,  and 
Longet,  m  experiments  performed  upon  dogs,  published  in  1841,  showed  very  satisfactorily 
that  the  posterior  roots  were  exclusively  sensory,  and  this  fact  has  been  abundantly  con- 
firmed by  more  recent  observations  upon  the  higher  classes  of  animals.  We  have  our- 
selves frequently  exposed  and  irritated  the  roots  of  the  nerves  in  dogs  in  pubhc  demon- 
strations, in  experiments  upon  the  recurrent  sensibility  of  the  anterior  roots,  and  in 
another  series  of  observations  upon  the  properties  of  the  spinal  cord,  which  will  be 
referred  to  hereafter. 

The  remarkable  anatomical  peculiarity  of  the  posterior  roots,  which  they  have  in 
common  with  all  of  the  exclusively  sensitive  nerves,  is  the  presence  of  a  ganglion.  While 
we  have  no  distinct  idea  of  the  function  of  these  ganglia  in  connection  with  the  trans- 
mission of  impressions  from  the  periphery  to  the  centres,  it  has  been  shown  that  they 
have  a  remarkable  influence  upon  the  nutrition  of  the  nerves  after  their  division.  Oper- 
atmg  upon  the  second  cervical  nerves,  in  which  the  ganglia  can  be  reached  without 
exposmg  the  spinal  cord,  WaUer  has  demonstrated  the  following  interesting  facts  : 

When  tlie  roots  are  divided  between  the  ganglion  and  the  cord,  the  central  end  of  the 
anterior  root,  attached  to  the  cord,  preserves  its  normal  structure,  while  the  peripheral 
end  in  a  few  days  becomes  degenerated,  the  tubes  are  fiUed  with  granular  matter,  etc  and 
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in  Hhort  it  undergoes  those  changes  observed  in  nil  nerves  separated  from  their  eentres. 

;S  ;;ie;tTi"  the  i-ostericl;  roots,  the  end  attached  to 
eration,..d  the  peripheral^,  ^^one  t^wh^^^ 

t  tTdtltrC  ard  i   re^    l        that  the  ganglia  of  the  posterior  roots 
somewhat  extended  by  Berua^^  ^  ^^^^  ^^^^^  ^^^^  „^ 

^"'•'fl  iTth  :  i^rn  o^^  1  m^^^  nerves  with  whieh  they  are  connected.  These 
tres  ;°*l'^«'^,^°^^;^^^r^n.owing  the  existence  of  centres  attached  to  the  sensory  system 
pomtsaremtoestm,,  a.  si,ov    b  trophic  influence  over  the  nerves, 

of  nerves,  -^^^  ^^l;-^;,'^:^^,:^!^^  e'  -e  attached  regulate,  to  a  certain  extent, 
"'^     Lntt- thrnetet  an^^  also  are  capable  of  generating  nerve-force.    We  do  not 
t^r  th:  of  the  roots  of  sensitive  nerves  have  any  function  except  that 

which  has  just  been  indicated.  cf„,-»,„7  jvbrMS -The  same  experiments  that 

Properties  of  tU  Anterwr  Roots  of  tUe  ^^^l  ^rZ'.rL.n^^^^^  showed  that  the 
demonstrated  that  the  postenor  -o ts  ot  he  ^P-^  ^^.^^^^ 
anterior  roots  are  motor.    If  t^^f /wo  loots  be  exp  ^^^^  ^^^^^.^^ 

vulsive  movements  are  produced  by  st.mulatmg  the  po^^^^^^^^  ,  ^^^^^ 

roots  be  irritated,  movements  o  the  most  ^  f 

„.useles  to  which  the  filaments  ot  the  jt   ^^^f  ^~ .  ,ow  universally 

doubt  upon  this  point  smce  the  -^P~^^°  ^  nnxed  nerves  are  derived 

admitted  by  physiologists,  that  the  inotor  P  ^P^^^t^    f  '^^^^  The  question  has 

exclusively  trom  their  anterior  roots  of  o-g^n  txo^  the  sp  na  ^^^^l^ 
arisen,  however,  whether  the  anterior  roots  be  no   ^  ^°  ^^^^    The  sensi- 

bly less  in  degree  than  the  posterior  J-^M  J^'^/^X  of  the  posterior  roots ;  and 

Z  r  r  tT the  posterior  root,  has  been  called 

— rS....-The  experimental  ^c.^^;  ^aj.  to  the  re^~ 
Mity  of  the  anterior  roots  of^  by  a  few  hours'  repose 

spinal  nerve  be  exposed,  and  t  the  ammai  terior  root  will  produce  pam  and 

fJom  the  shock  of  the  -Ve^f'^!^  -^^^^  of  muscles;  and  irri- 

the  general  movements  mcident  to  it  but  no  ioea.  ^ 
nation  of  the  anterior  root  will  P-       J^^^-^^^^  ^  ^  s  ItUrfroai  stimulation  of  the 
amount  of  pain,  always  less  howevei  t^^^^  ,4ehed  to  the  cord  will  be 

posterior  roots.  If  the  anterior  root  be  d^^' .f^^t  tl,,  same  sensibility  as 
?ound  completely  insensible,  the  anterior  roots  are  not 

the  undivided  root;  *4  ^f™^       divided,  the  sensibility  of  the  anterior 

derived  from  the  cord.    If  the  PO^t^rior  i  root  is  recurrent, 

voot  is  instantly  abolished;  "^^^^^^  ,  ^J'rthe  peripbery.  With  regard  to  these 
being  derived  from  the  posterior  root  tin oug  i  the  ,     p     y  ^^^^^^^^^^ 

facts!  which  were  first  noted  by  .^^S^^f  '^^  ^H^  1861.  Experiments  have  simply 
fied  them  in  a  series  of  '^^P^^™^"*^ Jl""^^^^ 

demonstrated  the  fact  that  the  --^^f^^^^^^^^^^^^^  of  the  mixed  nerve  beyond  the 
out  actually  showing  any  ^-^^^^f^^^^^'tl^e, ^terior  root  of  its  sensibility,  showing 
point  of  union  of  the  two  roots  ^^^P^^^^.       ^^^'k  ^^e^ 

Ihat  the  recurrent  fibres,  if  they  t  sensibility. 

The  question  now  arises  with  i:^g^-;YBlardTs  that  there  are  actually  fibres  return- 
The  explanation  offered  by  Magendie  and  Bei^J[^;^;;^^^  g^res  are,  of  course,  sensitive ; 
ing  from  the  posterior  to  the  »."tenor  roots    that  these  and  returns 

and  that  irritation  of  the  anterior  -^ts  is  propyated^^^^^^^^^^  ^^^.^^^^ 
to  the  centres  through  the  posterior  J/"       ^.roscopical  examinations  of  Schifl 

mental  conditions,  and  it  is  that\he  ganglia  of  the  posterior 

and  of  Philipeaux  and  Vulpian.    It  will 
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norves,  after  division  of  these  roots,  liave  the  rcniarkiible  power  of  preserving  the  ana- 
tomical Integrity  of  the  fibres  to  which  they  are  attached.  Now,  it  has  been  shown  by 
Scliiff  that,  after  division  of  the  posterior  roots  beyond  the  ganglia,  the  anterior  roots 
contain  altered  fibres,  which  he  believes  come  from  the  posterior  roots  and  give  to  these 
roots  their  sensibility. 

Dr.  Brown-S4quard  offers  a  different  explanation  of  the  pain  developed  upon  irrita- 
tion of  the  anterior  roots.  He  believes  this  to  be  due  entirely  to  cramp  or  convulsive 
contractions  of  the  muscles.  This  may  be  accepted,  perhaps,  as  a  partial  explanation, 
for  there  can  be  no  doubt  of  the  fact  that  violent  muscular  action,  produced  indepen- 
dently of  volition,  is  more  or  less  painful ;  but  it  does  not  explain  the  great  sensibility 
sometimes  observed  when  the  muscular  contraction  is  comparatively  feeble.  There  can 
be  hardly  any  doubt  that  the  explanation  offered  by  Magendie,  And  sustained  by  the 
ingenious  histological  observations  cited  above,  is  in  the  main  correct. 

Mode  of  Action  of  the  Motor  Mnes. — Having  established  the  anatomical  distinction 
between  the  motor  and  sensory  nerves,  it  becomes  necessary  to  study  the  differences  in 
the  mode  of  action  of  these  two  kinds  of  nervous  conductors.  In  the  first  place,  it  is 
evident,  taking  the  nerves  and  their  roots  as  we  find  them  in  the  organism  in  a  normal 
condition,  that  certain  fibres  act  from  the  centres  to  the  periphery,  conducting  motor 
stimulus,  while  others  act  from  the  periphery  to  the  centres,  conducting  sensory  impres- 
sions. 

As  regards  the  motor  nerves,  the  force,  whatever  it  may  be,  generated  in  the  centres, 
is  conducted  from  the  centres  to  the  peripheral  distribution  of  the  nerves  in  the  muscles 
and  is  here  manifested  by  contraction.  Their  mode  of  action,  therefore,  is  centrifugal. 
When  these  motor  filaments  are  divided,  the  connection  between  the  parts  animated  by 
them  and  the  centre  is  interrupted,  and  motion  in  these  parts,  in  obedience  to  the  natural 
stimulus,  becomes  impossible.  But,  while  we  cannot  always  induce  generation  of  nerve- 
force  in  the  centres  by  the  direct  appUcation  of  any  agent  to  them,  this  force  may  be 
imitated  by  stimulation  apphed  to  the  nerve  itself.  A  nerve  that  will  respond  to  direct 
stimulation  is  said  to  be  excitable ;  but  this  property  does  not  extend  throughout  the 
entire  conducting  motor  system.  For  example,  we  shaH  see,  when  we  come  to  study 
the  properties  of  the  encephalon,  that  certain  fasciculi  capable  of  conducting  the  motor 
stimulus  from  the  centres  to  the  muscles  are  not  affected  by  direct  stimulation  and  seem 
to  be  inexcitable. 

If  a  motor  nerve  be  divided,  galvanic,  mechanical,  or  other  stimulation  applied  to  the 
extremity  connected  with  the  centres  produces  no  effect;  but  the  same  stimulation  apphed 
to  the  extremity  connected  with  the  muscles  is  followed  by  contraction.  The  phenomena 
indicating  that  a  nerve  retains  its  physiological  properties  are  always  manifested  at  its 
peripheral  distribution,  and  these  do  not  essentially  vary  when  the  nerve  is  stimulated  at 
different  points  in  its  course.  For  example,  stimulation  of  the  anterior  roots  near  the 
cord  produces  contraction  in  those  muscles  to  which  the  fibres  of  these  roots  are  dis- 
tributed ;  but  the  same  effect  follows  stimulation  of  the  nerve  going  to  these  muscles  in 
any  part  of  its  course. 

As  far  as  their  physiological  action  is  concerned,  the  different  nerve-fibres  are  entirely 
mdependent,  and  the  relations  which  they  bear  to  each  other  in  the  nervous  fasciculi  and 
m  the  so-called  anastomoses  of  nerves  involve  simple  contiguity.  If  we  compare  the 
nerve-force  to  galvanism,  each  individual  fibre  seems  completely  insulated ;  and  a  stimulus 
conducted  by  it  to  muscles  never  extends  to  the  adjacent  fibres.  That  it  is  the  axis- 
cylinder  which  conducts  and  the  medullary  tube  which  insulates,  it  is  impossible  to  say 
with  positiveness ;  but,  as  we  have  already  seen,  it  is  more  than  probable  that  the  central 
nana  is  the  only  conducting  element. 

We  have  incidentally  noted  the  fact  that  direct  stimulation  applied  to  the  centres 
even  when  the  connection  between  these  and  the  muscles  is  perfect,  is  generally  inoa- 
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i-        ,  t'-w.<v.  Kill  tlui  jreneruti<ni  of  a  motor  ritiinuluH 
pable  of  iuducing  the  generation  oi  ''''''-'''''l^^^^^^^^^^  conveyed  by  then,  to 

H.ay  be  induced  by  an  in,pros.on  -^^'^^^^^^^^  LJ.  ByBte.n, 

the  centres.    If,  for  exan,de  we  -^^^^  ^^^^^^  Hensitive  nerves  intact, 

as  the  spmal  cord,  ^^  ^^^T  An  iu.pression  made  upon  the  .ensitive  nerves 
these  phenomena  ^^^^^^^  ,ora  and  wiU  induce  the  generation  of  a  motor 
wdl  be  --^''^  ''^l:^.'^''^^^^^^^  will  be  conducted  to  the  muscles  and  gives  nse  to 

atmmlus  by  '^'^'^f'J^^^^^  observations,  seems  to  be  reflected  from  the  cord 
contraction.    As  ^^^^ ^'^'l^'^^^  '^^^^^^^        ,,tion  has  been  called  reflex.    These  phe- 
tH"^^^^  on.,  physiology  of  the  nervous  system  and  .ill 
be  fully  considered  by  themselves  ^^^^^^^^^  ^^,5^,^ 

Associated  Movements.^U  is  w  1  ^""^^^  ^^^f^^"  ,ts  of  muscles  upon  one  side 
difhculty  isolated  by  an  efi^ort  of  the  will  J^^'^^f^^^;  J^^^^  ,,,^j,le  it  is  almost 

of  the  body  and  to  corresponding  -"^^^^^^P^e  of  ^^^^^^^^  at  the  same  time  restrahi- 
impossible,  without  great  practice,  to  move  ^^^^^"^^^^^^^^^^^^  ,^„,,les  of  the  extrem- 
i„g^he  movements  of  the  ^^^^-^J^'^^^^^^  foot  is  confined 

ities  is  always  simultaneous.    The  toes,  it  is  difficult  to 

in  the  ordinary  dress,  are  capable  of         ^^^^^V!^^^^^^^^^  of  one  hand  while 

niove  one  eye  without  the  other,  or  to  make  ^  f J  ^^/X  .  , instances  of  this 
an  entirely  different  order  of  movements  is  the  question  arises 

Mnd  might  be  multiplied.    In  studying  these  assoc^ed  -^ove^-en^,       ^  ^^^^^^^ 
as  to  how  for  they  are  due  to  ^^^^ /-Vomica    elat  ons  o^^  ne 

their  connections  with  muscles,  and        f  ZZ.otei  with  each  other  by 

can  imagine  that  there  may  he  certam  sets  of  ^^^^^  "°  ,  ^^^^  n^uscles;  an 
commissural  fibres  and  giving  origin  to  motor  "l;^;;;^^^^  eeUs  impossible, 

anatomical  arrangement  that  xnight  if^^^^^lZnt^  fibres  are  so  difficult  of 
The  anatomy  of  the  nerve-centres  ^f  JZ^ZeZ  oMsy.te^^^^^ 
investigation,  that  demonstrative  proof     ^^^^^f^^^^^^  i  a  rule,  by  an  effort  of 

but  this  affords  a  ready  explanation  of  the  ^^^^  to  coltract  •  yet  some  of  the  larger  mus- 
the  will,  cause  only  a  portion  o  a  ^^^^^^^^^^^^^^^^^  are  probably  connected 

cles  receive  an  immense  nnmbei  ot 

with  gray  matter  composed  f  °Xof  b  ing  influenced  to  a  surprising 

Many  of  the  associated  movements  are  «^Pf  ^^^J^  t^,,^  the  case  of  skUful 
degree  by  education,  of  which  no  better  ^-^^^^^  J^^^^^^^^^^  barp,  violin,  and  otlaer 
performers  upon  certain  ^  ^^^^^^^^^  not  only  does  one  hand 

Lnged  instruments.  In  ^  -/^^^^^^^^^^^^  associ'ated  movements  may  be 

become  almost  independent  of  the  othei,  "l^^  J^^y  ^  ^iffej.ent  scales  automatically 
acquired.  An  accomplished  piamst  or  ^o^^'^'^^^^'^^.^^,  at  the  same  time  scales  with 
by  a  single  effort  of  the  will,  and  ^eq^^ently  pianist^ exe^^^^^^      ^^^^.^^.^^  movements. 

both  hands,  the  action  being  -^^^^^^^^W^^^^^  may  be  educated,  and  to 

r::tSS::^^^t:SSsUonofmovementsmayhe 

^^S'^^e  associated  m—  tScS^L^^—^ 
motor  nerves,  it  seems  probable  that  ^%*;2not  be  conducted  to  a  portion  only 
such  tha.t  a  motor  stimulus,  or  ^I'^^'^  '^^^'^^^^^itl..  same  is  true,  probably,  of  cer- 
of  a  muscle,  but  must  act  upon  the  whole  muscle  «°  corresponding  muscles 

tain  restricted  sets  of  muscles ;  ^-^'^^^l^'^'^^^  "Tl^aps,  of  the  muscles  of  the  eyes, 
upon  the  two  sides  of  the  body,  with  tl-^^^J  ^  by  education, 
is  due  mainly  to  habit  and  may  be  greatly  modiheci  ly 

The  sensory  nerve-fibres,  like  the  fibres  of  the 
Mode  ofAetion  of  the  Semory  ^"'^''f--^  ,  other  in  their  action ;  and,  in  the  so-called 
motor  system,  are  entirely  independent  of  each  other  in 
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anastomoses  that  take  place  between  sensory  nerves,  the  fibres  assume  no  new  relations 
except  as  regards  contiguity.  ' 

As  motor  fibres  convoy  to  their  peripheral  distribution  the  stimulus  engendered  by  an 
irritation  applied  in  any  portion  of  their  course,  so  an  impression  made  upon  a  sensitive 
nerve  is  always  referred  to  the  periphery.    A  familiar  example  of  this  is  aflbrded  by  the 
very  common  accident  of  contusion  of  the  ulnar  nerve  as  it  passes  between  the  olecranon 
and  the  condyle  of  the  humerus.    This  is  attended  with  painful  tingling  of  the  ring  and 
little  finger  and  other  parts  to  which  the  filaments  of  this  nerve  are  distributed,  without 
necessarily,  any  pain  at  the  point  of  injury.    More  striking  examples  are  aflbrded  in  neu- 
ralgic aftections  dependent  upon  disease  of  or  pressure  upon  the  trunk  of  a  sensitive  nerve. 
In  such  cases,  excision  of  the  nerve  is  often  practised,  but  no  permanent  relief  follows 
unless  the  section  be  made  between  the  afi"ected  portion  of  the  nerve  and  the  nerve- 
centres;  and  the  pain  produced  by  the  disease  is  always  referred  to  the  termination  of 
the  nerve,  even  after  it  has  been  divided  between  the  seat  of  the  disease  and  the  periphery 
leaving  the  parts  supplied  by  the  nerve  insensible  to  direct  irritation.    In  cases  of  disease 
It  is  not  unusual  to  note  great  pain  in  parts  of  the  skin  that  are  insensible  to  direct  im- 
pressions.   Tlie  explanation  of  this  is,  that  the  nerves  are  paralyzed  near  their  terminal 
distribution,  so  that  an  impression  made  upon  the  slrin  cannot  be  conveyed  to  the  senso- 
rium ;  but  that  the  trunks  of  the  nerves  still  retain  their  conducting  power  and  are  the 
seat  of  diseased  action,  producing  pain,  which  is  referred  by  the  patient  to  the  periphery 
In  multiplying  examples  showing  the  mode  of  action  of  the  sensory  nerves,  we  may 
refer  to  the  sensations  experienced  after  certain  plastic  operations.    In  the  very  common 
operation  of  restoring  the  nose  by  transplanting  skin  from  the  forehead,  after  the  opera- 
tion has  been  completed,  the  skin  having  been  entirely  separated  and  cicatrized  in  its 
new  relations,  the  patient  feels  that  the  forehead  is  touched  when  the  finger  is  apphed  to 
the  artificial  nose.    After  a  time,  however,  the  sensorium  becomes  accustomed  to  the 
new  arrangement  of  the  parts,  and  this  deceptive  feeling  disappears 

There  are  certain  curious  nervous  phenomena,  that  are  not  without  physiological 
interes  ,  presented  m  persons  who  have  sufi-ered  amputations.  It  has  been  long  observed 
that  after  loss  of  a  limb  the  sensation  of  the  part  remains,  and  pain  is  frequently  experi- 
enced, which  IS  referred  to  the  amputated  member.  Thus  a  patient  will  feel  distinctly 
he  fingers  or  toes  alter  an  arm  or  a  leg  has  been  removed,  and  irritation  of  the  ends  of 
the  nerves  at  the  stump  produces  sensations  referred  to  the  missing  member  A  few 
years  since,  we  observed  a  very  striking  example  of  this  in  a  soldier  who  had  suff-ered 

tiTwd :  1 1 T         "'^^       -     btf:;!  s 

wl^h«  .  ..  f  ^^fi^^Von  getting  up  suddenly  from  his  seat,  in  attemptmg  to 
w  that'he  f^t  tl  7  °  *  ;  g--<^.  producing  considerable  injury.'  His  explanation 
guard  to  prevent  such  an  accident. 

atter  amputation,  which  we  have  had  ample  opportunities  of  verifying.   After  a  time  the 

may'remain  b  theTVf  •  %  '''''        ^-P"*-*---  or  the  s;nsations 

may  remain  m  their  full  intensity  for  years.    Examples  are  reported  by  Miiller  where 

a  crtal'nlbeTt'^'  'f'""'  ^1'  ^^'^  "'^'^  ^^^^^^ -p'^tlSn 

feelLrirthe  hnnd      /  T""' 1' ''''  ''''''            intermediate  part  is  lost,  the 

sL  htinVti?         1    ?   '  '^^^^^^e-'^^  distinct  as  ever,  tiie  imm-es- 

Suenbt         .  !        "  "'"'"'"^  Th^se  curious  facts,  noted  bv  M 

c  sltTImn  t  f  ^  -  ^^-t  half  of 

ne  cases  of  amputation  in  which  cicatrization  goes  on  reo'ularlv  nnd  in  tl.«c. 

^  patient  finally  experiences  a  feeling  as  thouglfthe  hancl  01  f:o^^;re  k   i.' "  oX' 
SI  we  w'k  '"'^""^^  among  a  .  large  number  of  patients  in  m  1  tary  ho 

P'tals,  we  have  been  enabled  to  verify  these  observations  in  the  most  satisfactory  ma'nne 
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1       tnnrlo  psneciallv  upon  tlio  cerebro-spinal  nerves, 
Numerous  o.penments  ^-^^^^^^J^f^^Xof  ^^Ltio^        pvobablo  nature  of 
with  regard  to  thexr  aet>ou  u  de^  chtte^ent^^       ^^^^^^^^     ^^^^  excitability  and  sen.i- 
the  nervous  agent  or  nerve-toico  ju  physiological  interest  and  in.por- 

bility,  etc.,  ^vlneh  have  -i^vf  oped  acts  o  r  o  ^^^^  ^^^^^^^^^^^^ 

tance.  As  fur  as  the  -;^^;;^^^^^fZ\.J^^  all,  if  we  except  certain  variations  in 
duction  of  impressions  aio  essentiai  y  i  ^j^^  ^^^r  nerves  all  respond  m 

different  nerves  as  regards  ^^^S^-  f  f  ^s  ,  ^^^^  portion  of  the  nervous  system  that 
the  same  manner  to  stimulation  ;  and    ib  "P°^        ^  ..ijent  that 

the  most  important  observations  l^^ve  been  m  ^   ^rimental' conditions  above 

the  cerebro-spinal  --^^  In^^^^^^  proiSes,  and  that  the' functions  of  special  nerves 
„.entioned,  possess  ceitain  g  ^ ^^^^.^^.^^     ,,,,,  ^..eral  properties,  ia  connection 

are  to  be  ^^^^'^/^'^'^^''^f.  liJ'^tion  to  the  diiferent  organs  in  the  economy.  _ 
^'%Z:T^^^^T^^^         the  simple  division  of  the  nerves  into  motoi 

T~^f  the  nervons  agent,  or  the  --^^cl  j^^j^^c. 
3.  Certain  phenomena  following  the  application  of  electucity 

as  nervous  irritability    The  J^J^J^^^,^^^^^^^^^     or  to  conduct  the  natural 

nerves  which  enables  them  to  respond  «  ^^^^cia  ^^.^     ^^^^^^  ^^^^ 

stimulus  or  external  ™P-^X'm  a  nomal  condition  and  during  life,  irritability  as 
be  irritable.    Of  course,  while  ,,p,l,le  of  performing  then;  pecuhar 

appUed  to  nerves,  simply  means  P^';^^  ^..^es  will  respbnd  to  artificial  stmiu- 

functions ;  but,  after  death,  tor  a  cert^n  time  ^^^  -^  „  ^^^^^  „,ost.applicable^ 
lation ;  and  it  is  to  this  P^perty  ^^at  the  tern  ^^^^^^  ^.^^  of 

At  a  certain  time  after  death,  varymg  ^^^^^    This  occurs  very  soon  m  warm- 

their  nutrition,  the  irritability  o^'^'^^^  t^^Z^,  scale,  so  that  the  latter  present 
blooded  animals,  but  it  is  later      «f  Most  observations  upon  nervous  irri- 

the  most  favorable  conditions  for  ^^^^^^^^Z  other  cold-blooded  animals.  Analogou 
tability,  indeed,  have  ^^^^ ^a  to  the  mnscular  system,  although  as  we  have 
facts  have  already  been  noted  ^^^^^'f^^  °  ^^..^eiy  distinct  from  that  of  the  nerves.  _ 
seen,  the  irritability  of  the  muscular  ^^^^'J^^  J^^^^^  of  the  nerves  is  at  ;ts  niaxi- 
Immediately  or  soon  after  ^^^^h  wh  n  th    u       J  stimulus,  all  of  these 

mum,  they  may  be  excited  ,  '^^^^^^ 

agents  producing  contraction  of  the  .>^"«f  ^  'o  -^f  the  nerve,  for  example,  produces  a. 
Mechanical  irritation,  ^^V^^  the  nerve  be  such  as  to  disorgamze  i ts 

single  muscular  contraction ;  but,  if  the  inpry  ^  ^^^^^  ,1^,  ,,tnnts 

fibres,  that  portion  of  the  nerve  will  no  10^;^  ^^posed  nerve  be  cai  - 

of  th  s  kind,  we  may  cite  the  extremes  ^^^^  ^^  ^^^^  effect,  though  less  marked, 
terized  a  vigorous  mnscular  contract  on  Among  chemical  reagents, 

ray  beprolucedby  the  sudden  "PP^-J-^/jl::,  -  h  produce  noeflect;  but  these 
there  are  some  which  excite  the  n^-ves  and  o  he  ^J^^  ^^^^  mechamca 
are  not  important  from  a  pbysmlopc^a  ponit  01^         ^^^^^     ^^^.^^^  the  nerves;  but 

irritation  and  the  action  of  "lani^^^ 

that,  when  their  action  goes  so  far     to  d-o^^^^  ^^^^^        o  t  of  mjury  has 

these  fibres  is  lost.  While,  however,  '^^  '^l^^l'^^^^,^,,  is  still  followed  by  con  ract  on 
no  effect,  stimulation  ^^'^'^    ^T^.^X^^^        in  physiological  experiments  is 
The  most  convenient  method  of  excinnb 


GENEEAL  PROPERTIES  OF  TEE  NERVES. 


595 


by  means  of  electricity,  a  stimulus  more  closely  resembling  the  nerve-force  than  any 
other,  and  one  Avhich  may  be  employed  without  disorganizing  the  nerve-tissue,  and  which 
consequently  admits  of  extended  and  repeated  application.    Tiie  action  of' electricity 
however,  with  the  methods  of  preparing  the  nerves  and  muscles  for  experimentation' 
will  be  fully  considered  under  a  separate  head.  ' 

The  irritability  of  the  motor  system  is  entirely  distinct  from  that  of  the  sensory 
nerves,  and  one  may  be  destroyed,  leaving  the  other  intact.    This  follows  almost  as  a 
matter  of  course  upon  the  fact  of  the  anatomical  distinction  between  motor  and  sensory 
nerves ;  but  it  is  interesting  to  note  the  limits  of  the  irritability  after  death  in  nerves  of 
different  properties  and  the  differences  in  the  manner  of  its  disappearance.  The  woorara- 
poison,  a  very  curious  agent  prepared  by  the  South-American  Indians,  has  the  remarkable 
property  of  paralyzing  the  motor  nerves,  leaving  the  nerves  of  sensation  intact  This 
fact  has  been  demonstrated  by  Bernard  and  others  by  very  curious  and  ingenious  experi- 
ments.   The  poison,  like  those  of  animal  origin,  acts  most  vigorously  after  introduction 
under  the  skm  or  absorption  from  wounds,  and  it  produces  no  toxic  effects  when  taken 
into  the  stomach,  except  when  introduced  in  large  quantity  in  fasting  animals.  Under 
the  intluence  of  this  agent,  an  animal 
dies  with  complete  paralysis  of  the 
motor  system,  presenting,  among  other 
phenomena,  arrest  of  respiration.  Most 
of  the  varieties  of  the  poison  affect  only 
the  motor  nerves  and  do  not  influence 
the  action  of  the  heart ;  and,  in  animals 
brought  completely  under  its  influence, 
artificial   respiration  will  enable  the 
heart  to  continue  its  action,  and,  in 
some  instances,  if  this  be  persisted  in, 
recovery  will  take  place. 

The  fact  that  the  woorara-poison 
affects  the  motor  nerves  only  has  been 
experimentally  illustrated  by  Bernard, 
taking  advantage  of  the  reflex  func- 
tions of  the  spinal  cord  to  show  the 
persistence  of  the  irritability  of  the 
sensory  nerves.    The  most  striking  of 
these  experiments  is  the  following :  A 
frog  is  prepared  by  exposing  the  nerves 
in  the  lumbar  region,  and  then  isolating 
the  posterior  extremities  by  applying  a 
strong  ligature,  including  the  aorta  and 
all  the  parts  except  the  nerves ;  so  that, 
practically,  the  only  communication  be- 
tween the  ])osterior  extremities  and  the 
body  is  by  the  nerves.    It  is  evident, 
therefore,  that,  if  the  poison  be  intro- 
dDced  under  the  skin  of  the  body,  act- 
ing, as  it  does,  through  the  blood,  it 
Will  affect  all  parts  except  the  posterior 
extremities;  for  the  poison  acts  from 
the  periphery  to  the  centi-es  and  must 
circulate  in  tlie  parts  to  which  the  motor  nerves 


Fia.  m.—Froff  prepared  so  as  to  sliow  that  woorara  ill 
stroys  the  properties  of  tlie  motor  nerves.  (Bernard  ) 
A,  A,  lumbar  nerves ;  B,  aorta. 
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.l.eh  is  reflected  back  tl.ough  the  .not..  ^1-^^^^  ^^^l^l^I^l^^^ 
reflex  .novements  are  observed  in  f '^-^^-'^  1 1     influence  of  the  y.oison. 

much  as  tLe  posterior  extremiUes  have  ^^2tirZdt- 1 l  e  influence  of  the  poison,  be  now 
If  the  anterior  extremities,  wluch  are  ^^H'^'^fJ/  ""^^^  ^u^Zy  talce  place,  as  before,  in 
irritated,  no  ™ove.nents  are  o  served  Lily  uLerstood  Reflex 

the  posterior  extremities.    The  ™ecnamsm  n,anifested  throughout  the 

phenomena,  eonsisting  in  the  '--"^  ^        f  niade  upon  the  surface 

entire  system,  following  "-"tat^on  of  J/^^^^^^^^^^^  rnotor  stimulus  may 

is  conveyed  to       spinal  corc^  and,  f  t^^^s  be -^^^^  ^^^^  .^^^,.^^^5^^ 

be  sent  through  all  of  the  Conveyed  by  tbe  sensory  filaments  to  the 

,pon  ^^^^.^-^^^--^^^^^^^^^^^^^  their  motor  nerves,  which 

eord  and  IS  ,f  the  impression  from  the  anterior  extremities 

rthe'ct  s^wf  that  the  poison  ^oes  not  a.ect  — ^  ^^^^^^ 

■  bility  after  they  bave  been  ^'^^'f YZnIes  in  the  nerve  fibres.    The  tubes  lose  their 
is  attended  with  important  ^^ructura  cl  ang^^^^^  coagulates  in  large 

z^:"  rrs:;i:nrLrof"^^     ----  -•^^■•^'^ 

itHlmracteristic  physiological  properties  about  four  days  after  resection. 

The  excitability  of  tbe  motor  ^^^^^^^  .Jf     f'^^cessary  to  excise  a  portion  of  the 
Of  course,  in 

experiments  upon  tms  poiu.  this  is  done,  after  the 

nerve  to  prevent  reunion  of  the  ^^^^^'^  '^^'^^^l  no  contraction  in  the  muscles, 
fourth  day,  galvanization  of        -^XlitT  sm  y^ 

altbougb  the  latter  retain  theu-^^^^n^^^^^^^^^^  ^^^^.^^^^^^  the  nerve  be 

in-itation.    This  loss  of  n-ntabihty  is  g^^'^^^  ^^^.If         the  loss  of  excitabili  y 

exposed  and  stimulated  fro*  time  to  t^^  ov  be  1  ^^^^^^ 
progresses  from  tbe  centres  to  *e  penp^er^.  J  ^^.^.^  ^^^^  ,rnta- 

ject,  it  was  found  tbat  tbe  lower  PO^^i^  o  ti  e  p         ^^^^  ^^^^^  ^^^^^ 
iility  first,  then  the  anterior  columns  termination  in  tbe  muscles, 

and,  last  of  all,  tbe  brancbes  of  tbe  --J- the  periphery  to  the  centres,  as 
The  sensibility  of  tbe  sensory  ^^^ve  Wea  ^be  sensibility  is  los^^, 

is  shown  in  dying  animals  and  m  experiments  w  t  ^^^^^^  ^.„„ts 

fii^rthe  terminal  branches  of  ^^^^  ^^TL.  often  illusti-ated  this  tact  m 
of  the  spinal  nerves,  and  so  on  to  ^l^^  c^^^ie  ^^^.^^      t  of  the 

oxperimentsupontberoots  of  the  spin^  neives    n  ^^^^^^^^      -nipletely  under 

fif  h  pair  within  the  cranial  «^^^*y-.^^?'enin<^  the  spinal  canal  maybe  perto™^d 
the  influence  of  ether  tbat  t^-^P^^^'^^/'Xior  roots  will  be  found  to  be  distincdy 
without  inflicting  the  slightest  pam,  f  f^^^.^emonstrations,  of  dividing  the  fifth 
Tensible.    We  have  lately  been  in  tbe  1^^^^^*'  '  ^j^,      nation  is  instantaneous  and 

pair  in  the  cranium  without  using  an  * ; '^^^^^^^^^  been  rendered  insensible 
?he  effects  are  much  more  striking  ^'^'if'^l'llJ^^^^^  we  could  never  pu^i 
ancUs  allowed  to  recover;  but,  when  ^^.^.^J^/^/.^^J^.^.t  of  the  nerve.  In  an  ammal 
"    ffects  sufliciently  to  abolish  the  f^^^^^i^e  VoZ-^^^^-^  -PP^''^^  "^"^  T.  Z 

more  strikingly  illustrate  tbe  mode  of  d.sappea  ^ 
from  the  periphery  to  the  ce.^-es  ^^^^  .^^  3,,ere  shock  in  killing 

The  nervous  irritability  may  li« 
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animal.     This  is  sometimes  illustrated  in  prepai-ing  frogs  for  experiments  upon  the 
nerves;  as  the  shock  of  killing  the  frog  by  decapitation,  tearing  off  the  skin  etc. 
abolishes  the  irritability  of  the  nerves  for  the  moment.    It  has  been  observed  also' 
that  a  galvanic  shock  sufficiently  powerful  to  destroy  life  instantly  destroys  the  excita- 
bility of  the  motor  nerves. 

Nerve-Force.— The,  so-called  nervous  irritability,  artificially  manifested  by  the  applica- 
tion of  a  stimulus  directly  to  the  nerve-tissue,  enables  the  nerves  to  conduct  from  the 
centres  to  the  periphery  a  force  which  is  generated  in  the  gray  substance.  This  we  may 
call  the  nerve-foTce.  Its  production  is  one  of  the  most  remarkable  of  the  phenomena  of 
life ;  and  its  essence,  or  the  exact  mechanism  of  its  generation,  is  one  of  the  problems 
that  has  thus  far  eluded  the  investigations  of  physiologists.  We  know,  however,  that 
in  the  operations  of  the  nervous  system,  the  nerves  serve  simply  as  conductors  and  the 
nerve-cells  generate  the  nerve-force.  It  is  evident,  also,  that  nearly  all  of  the  so-called 
vital  phenomena  are  more  or  less  influenced  and  controlled  through  this  wonderful  agent ; 
and,  throughout  our  study  of  the  nervous  system,  we  shall  be  constantly  investigating  the 
phenomena  attending  the  operation  of  nerve-force,  while  we  are  compelled  to  admit  our 
ignorance  of  its  essential  nature. 

Non-identity  of  Rene-Force  with  Electricity .—Wlien  we  come  to  study  fully  the 
action  of  electricity  upon  the  nerves,  we  shall  see  that  this  is  by  far  the  most  convenient 
stimulus  for  exciting  the  nervous  action  and  one  by  which  we  closely  imitate  the  true 
nerve-force.  So  great  is  the  similarity,  indeed,  between  certain  of  the  phenomena  pro- 
duced by  the  application  of  electricity  and  those  attending  the  physiological  action  of 
nerves,  that  some  physiologists  have  regarded  the  nerve-cells  as  generators  of  an  electric 
current.  This  hypothesis  explains  the  nature  of  nerve-force,  in  so  far  as  it  assimilates  it 
to  a  force,  with  the  action  of  which,  as  artificially  generated,  we  are  more  or  less  famUiar 
No  one  at  the  present  day,  however,  pretends  that  the  nerve-force  has  been  demonstrated 
to  be  identical  with  any  form  of  electricity ;  and  the  question  does  not  now  demand 
extended  discussion. 

A  series  of  experiments  made  by  Provost  and  Dumas,  in  1823,  are  worthy  of  note  as 
showmg  the  absence  of  a  true  electric  current  in  nerves  in  action  ;  but  these  have  been 
confirmed  in  later  years  with  apparatus  sufficiently  delicate  to  settle  the  question  beyond 
a  doubt.  The  most  conclusive  experiments  upon  this  subject  are  those  of  Matteucci  and 
Longet  made  upon  horses,  at  the  veterinary  school  at  Alfort.  These  physiologists 
exposed  the  sciatic  nerves  in  the  living  animal,  and,  when  there  was  evidently  a  conduc- 
tion in  both  directions,  as  evinced  by  pain  and  muscular  action,  they  faUed  to  detect  the 
slightest  evidence  of  an  electric  current  with  the  most  delicate  galvanometer  that  could 
be  constructed.  The  fact  of  the  absence  of  a  galvanic  current  in  nerves  during  their 
physiological  action  was  even  more  strikingly  illustrated  by  Matteucci,  who  demonstrated, 
in  the  electric  eel,  that,  although  the  electric  discharges  from  the  peculiar  organs  of  this 
ammal  were  under  the  control  of  the  nervous  system  and  could  be  excited  by  galvanic 
stimulation  of  the  proper  nerves  immediately  after  death,  no  galvanic  current  existed  in 
tliese  nerves  during  their  physiological  action. 

When  we  abandon  the  hypothesis  of  the  identity  of  nerve-force  with  electricity,  we 
are  compelled  to  admit  that  the  agent  generated  by  the  nerve-centres  is  mi  generis 
and  not  to  be  compared  with  any  force  known  outside  of  living  organisms  or  artificially 
produced  by  direct  stimulation  of  the  nerves;  but  we  admit,  nevertheless,  the  fact  that 
electric.ty  may  be  generated  by  animals,  as  the  electric  fishes,  and  that  electric  currents 
ce  anatomical  structures  in  the  living  body,  including  the  nerves,  under 

P  and  T     7  If'  1  the  nerve-force,  then,  leaving  its  essential  natu,;  unex- 

plained, is  mamly  confined  to  a  description  of  its  characteristic  phenomena 

limdity  of  Nenom  Conduction. -Ih^  first  rigorous  estimates  of  the  velocity  of  the 
nerve-current  were  made  in  1850,  by  Ilelmholtz,  and  were  applied  to  the  moto.  nives 
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The  important  .nd  interesting  results  of  ^"^Twr^^^yt^-^^ 
nious  application  of  the  graphic  method,       ^'^J^^^^  ^'^^^^f;/     exceedingly  delicate 

extended  by  Marey,       ^ZZ:^^:^^^^^^^  years. 
chronometr.c  apparatus  wh  eh  ha  ,e^^^^^^^  ^^^^^^^  ^^^^^^^^^  Helmho Itz  and 

It  is  unnecessary  to  ^^f\'^>^  ^  ;  investiirations  Suffice  it  to  say,  that  this  dis- 
hy those  who  immediately  followed  in  to  nv^^^^^^^^^  ^^^^^^^^^ 

/nguished  P^ysiolo^;^  -  ^iCl  dr^^^^^^  ^'^'^ 

complex,  was  so  accuiate  as  J°  ^^^^J^  "  ^  ^11^^;^  for  the  interval  of  i^o^^,  or  the 

into  account  all  of  the  dis  urbing  conditions  ana  a  ,„„,^encement  of  its  con- 

length  o^i-^!-*;-^^^^^^^  nerves  of  the  frog  at  ahout 

traction,      estimated  the  lapimty  o  ^^^^^  ^^^^  ^ 

eighty-five  feet  per  b^co^^  Jhe  «^  ^  the  observations 

H«t  anrBX;trhumrs:b,ect,  which  are,  of  course,  the  most  interest-  . 

^^^^ir^ocess  devised  by  Marey  is  adm.ab^  tfrn^r^^^^^^^- 
fractions  of  a  second,  a  cyl-der  graduated  in  he  follo^      mann      ^^^^  ^ 
ing-fork,  vibrating,  say,  five  hundred  times  paper.    As  the 

neW  ;ith  one  of  its  arms  is  made  to  play  ^^^^^^  J,^^^ 

paper  remains  stationary,  the  point  '^^^5,  ^^^^^'.g^g^^l.r  curves,  every  curve  repre- 
Loves,  as  the  point  vibrate^  a  line    ^^^^^T^^^^^^^^  and  be  so  arranged  as 

senting  ,h  of  a  second.    Now,       l^J^^^^^^"       i.^tant  when  contraction  takes 

time  will  represent  the  rate  of  l^^']^^]'';^^;^^^^     eutting  away  the  muscles  and  hone 
In  experiments  upon  frogs,  t^f/^f^^  ^^^,7' J,      then  applied  to  the  muscles  of 
of  the  thigh,  leaving  the  -'-^^^"f;]^  t,,^^^e^^  points  L  the  nerve,  the  distance 

the  leg,  and  the  stimulation  is  appl-d^^^^^^  ^^^^^^^      tMs  way  showed  a 

experiments,  the  swelhng  of  the  muscle  ai^rms         .  ^  small  openmg.    By  then 

al  in  a  plaster-mould  and  noting  the  -  -fj^^^^^^^  at  different  distances 

exciting  the  contraction  by  ^^-ulating  the  radid  ne  ^^^^^  ^^^^.^^^ 

from  the  muscle,  the  estimate  was  made  ^^^^  experiments  upon  this  sub- 

.      mated  at  one  hundred  and  eleven  ^^e*  f  taken  m  the  adjustment  of  the 

Tect  by  Helmholtz  and  Baxt,  J      jX^erves,  in  man,  of  about  two  hun- 

;parnL,  showed  a  mean  of  rapidity      f/^t'at'ons  ^ere  made  in  the  summer  of 
dred  and  fifty-four  feet  per  second.    ^^'^^^  .^^ij^ed  by  the  fact,  which  was  ascer- 

?  69  and  the  difference  in  the  fj^  te^peXe  increases,  and  a  dimimshed 
t^ned  experimentally  at  that  time  that  a  ^^^f^  ^empe  ^^^^  ^^^^^^  ^ 

ZlLiL  retards  the  -locit^ J  ;™  ^  the  nervous  trunk; 

Munk,  that  the  rate  of  conduction  is  ditt^  ent  .^^  termination, 

.fhe  rapidity  progressively  increasmg^sj^iene   e  a^^^^      ^^^^^  ^^^^^  ,,rt^  con^^^ 

Helmholtz,  Du  Bois-Eeymond,  M^uey-  ;f  the  most  prominent  of  these 

which  modify  the  rate  of  nervous  oonduction    u  By  a  reduction  of 

trobserved  by  nelmholtz,  is  J°  "^^f^^  ve"  mucl.  reduced  ;  and  at  32°  it  is  not 
temperature,  in  the  frog  at  least,  the  rate  y 
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more  than  one-tenth  as  rapid  as  at  00°  or  70°.  Marcy  bas  also  noted  that  the  rate  is 
sensibly  reduced  by  fatigue  of  the  muscles. 

The  same  principle  which  has  led  to  the  determination  of  the  rate  of  conduction  in 
motor  nerves,  viz.,  an  estimation  of  the  difference  in  time  of  the  passage  of  a  stimulus 
applied  to  a  nerve  at  two  points  situated  at  a  known  distance  from  each  other,  has  been 
applied  to  the  conduction  of  sensations.  Hirsoh  is  quoted  as  having  made  the  first 
attempt  to  resolve  this  question,  in  1851.  He  employed  the  delicate  chronometric  instru- 
ments used  in  astronomy,  and  noted  the  difference  in  time  between  the  appreciation  of 
an  impression  made  upon  a  part  of  the  body  far  removed  from  the  brain,  as  the  toe,  and 
an  impression  made  xipon  the  cheek.  This  process  admitted  of  a  rough  estimate  of 
about  one  hundred  and  eleven  feet  per  second.  The  later  and  more  elaborate  researches 
of  Schelske  showed  a  rapidity  of  conduction  by  the  sensory  nerves  of  about  ninety -seven 
feet  per  second. 

Attempts  have  been  made  to  estimate  the  duration  of  acts  involving  the  central  ner- 
vous system,  such  as  the  reflex  phenomena  of  the  spinal  cord  or  the  operations  of  the 
cerebral  hemispheres.  These  have  been  partially  successful,  or,  at  least,  they  have 
shown  that  the  reflex  and  the  cerebral  acts  require  a  distinctly  appreciable  period  of 
time.  This,  in  itself,  is  an  important  fact ;  although  the  duration  of  these  acts  has  not 
yet  been  measured  with  all  the  accuracy  that  could  be  desired.  As  the  general  result 
of  experiments  upon  these  points,  it  is  found  that  the  reflex  action  of  the  spinal  cord 
occupies  more  than  twelve  times  the  period  required  for  the  transmission  of  stimulus 
or  impressions  through  the  nerves.  Bonders  found,  in  experiments  upon  his  own  person, 
that  an  act  of  volition  required  one-twenty-eighth  of  a  second,  and  one  of  simple  dis- 
tinction or  recognition  of  an  impression,  one-twenty -fifth  of  a  second.  These  estimates, 
however,  are  merely  approximative  ;  and,  until  they  attain  greater  certainty,  it  is  unne- 
cessary to  describe  in  detail  the  apparatus  employed. 

The  general  result  of  the  various  observations  we  have  detailed  upon  the  rate  of  ner- 
vous conduction  as  applied  to  the  human  subject  is,  in  the  first  place,  that  this  can  be 
measured  with  tolerable  accuracy  ;  second,  that  it  is  in  no  wise  to  be  compared  with  the 
rate  of  conduction  of  light  or  electricity  ;  and,  finally,  that  the  rate  in  the  human  subject 
IS  essentially  the  same  in  the  motor  and  sensory  nerves,  being,  according  to  the  most 
reliable  estimates,  about  one  hundred  and  eleven  feet  per  second. 

Action  of  Electricity  upon  the  Nerves.— K  great  deal  has  been  written  with  regard  to 
the  effects  of  electricity  upon  the  nervous  system,  and  facts  elicited  by  experiments  upon 
this  subject  are  highly  important  in  their  bearing  upon  physiology  and  pathology.  Still, 
there  are  numerous  observations  upon  this  subject  which  have  but  little  importance,  in  a 
purely  physiological  sense,  except  that  they  are  curious  and  interesting.  These  we  do 
not^  propose  to  discuss  elaborately  ;  and  we  shall  confine  ourselves  chiefly  to  those  points 
which  bear  directly  upon  our  knowledge  of  the  properties  and  functions  of  the  nerves. 

The  first  important  fact— to  which  we  have  already  alluded— is,  that  electricity  is  the 
best  means  that  we  have  of  artificially  exciting  the  nerves.  Using  electricity,  we  can 
regulate  with  exquisite  nicety  the  degree  of  stimulation  ;  we  can  excite  the  nerves  long 
after  they  have  ceased  to  respond  to  mechanical  or  chemical  irritation ;  the  effects  of 
different  currents  can  be  noted  ;  and,  finally,  this  mode  of  stimulation  produces  a  pecuhar 
and  interesting  condition  of  the  parts  of  the  nerve  not  included  between  the  poles  of  the 
battery.  For  these  reasons,  it  seems  proper  to  devote 'some  consideration,  in  this  con- 
nection, to  tiie  effects  of  the  application  of  this  agent  to  the  nerves. 

So  long  as  the  nerves  retain  their  irritability,  they  will  respond  to  an  electrical  stimu- 
lus. Experiments  may  be  made  upon  the  exposed  nerves  in  living  animals  or  in  ani- 
mals just  killed;  and,  of  all  classes,  the  cold-blooded  animals  present  the  most  favorable 
conditions,  on  account  of  the  persistence  of  nervous  and  muscular  irritability  for  a  con- 
siderable time  after  death.    Experimenters  most  commonly  use  frogs,  on  account  of  the 
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long  persistence  of  the  irritability  of  tl.oir  tissues  and  the  facility  witb  wl.ich  ccrtam  por- 
tions of  the  nervous  system  can  be  exposed.    For  ordinary  experiments  upon  the  nervous 
conduction,  the  parts  are  prepared  by  detaching  the  posterior  extrermties  removing  he 
skin,  and  cutting  away  the  bone  and  nu.scles  of  the  thigh,  so  as  to  leave  the  leg  ^.th  the 
sola  ic  nerve  attached.    A  frog's  leg  thus  isolated  presents  a  nervous  trunk  one  oi  two 
nches  in  length,  attached  to  the  muscles,  which  will  respond  to  the  sl.gh  est  stimulus 
It  is  by  experin;nts  made  upon  frogs  prepared  in  this  way  that  most  ot  the  important 
facts  rLtive  to  the  action  of  electricity  upon  the  nervous  system  have  been  developed 
A  foim  of  galvanic  apparatus  which  we  have  long  used  and  found  very  convenient  lo 
U,ese  experiments  is  essentially  the  one  described  by  Bernard    It  consists  simply  ot 
alternate  copper  and  zinc  wires  wound  around  a  piece  of  wood  bent  m  the  form  of  a 
hiseshoe  and  terminating  in  two  platinum  points  representing  the  positive  and  negatn-e 
poles    This  forms  a  sort  of  electric  forceps,  about  eight  inches  long,  which,  when  moist- 
ened with  water  slightly  acidulated  with  acetic  acid,  will  give  a  current  of  about  the 

''T^^S^rlZr::^  .ay  be  appUed  to  a  ne;.e  so  that  the  dir.tion 

may,  in  the  one  case,  follow  the  course  of  the 
nerve,  that  is,  from  the  centre  to  the  periphery, 
and,  in  the  other,  be  opposite  to  the  course  of  the 
nerve.    These  currents  have  been  called  respect- 
ively the  direct,  or  descending,  and  the  inverse,  or 
ascending.  Wlien  the  positive  pole  (tlie  copper)  is 
placed  nearer  the  origin  of  the  nerve,  and  the 
negative  pole  (the  zinc),  below  this  point  m  the 
course  of  the  nerve,  the  galvanic  current  follows 
the  normal  direction  of  the  motor  conduction,  and 
this  is  called  the  direct  current.    When  the  poles 
are  reversed,  and  the  direction  of  the  galvanic  cur- 
rent is  from  the  periphery  toward  the  centre,  it  is 
called  the  inverse  current.    It  will  be  convement 
to  speak  of  these  two  currents  respectively  as  di- 
rect and  inverse,  in  detailing  experiments  upon 
the  action  of  electricity  upon  the  nerves. 

The  points  to  be  noted  with  regard  to  the  effects 
of  the  application  of  electricity  to  an  exposed  nerve 
are  the  action  of  constant  currents  of  different  de- 
grees of  intensity,  the  phenomena  observed  on 
making  and  breaking  the  circuit,  and  the  effects 
of  an  interrupted  current. 

During  the  passage  of  a  feeble  constant  current 
through  an  exposed  nerve,  whatever  be  its  direc- 
tion there  are  no  convulsive  movements  and  no 
evidences  of  pain.  This  fact  has  long  been  recog- 
nized by  physiologists,  who  at  first  limited  the 
effects  of  electricity  upon  the  nerves  to  two  pe- 
riods, one  at  the  making  of  the  circuit  and  the 
othe;  at  its  interruption.  We  shall  see,  however 
that  the  passage  of  electricity  through  a  po  on 
of  a  nervous  trunk  produces  a  pecuhar  condit  on 
in  parts  of  the  nerve  in  the  neighboriiood  of  tl^_ 
poles  of  the  battery,  described  under  the  name  oi 
electrotonns-,  but  the  fact  that  neither'motion  nor  sensation  is^^^^^^^  a  mixed  nerve 
during  the  actual  passage  of  a  feeble  constant  current  is  not  mvalidat 


Fig.  ISO.—Mectric  forceps.  (Li6gools.) 
C,  copper;  Z,  zinc;  P,  P,  positivo  poles ;  N,  N, 
nogatiye  polea. 
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If  a  sufficiently  powerful  constant  current  be  passed  through  a  nervo,  disorganization 
of  Its  tissue  takes  place,  and  the  nerve  finally  loses  its  excitability,  as  it  does  when 
bruised,  ligatured,  or  when  its  structure  is  destroyed  in  any  other  way.  It  was  thought 
by  Galvani,  and  the  idea  has  been  adopted  by  Matteucci,  Gu6rard,  and  Longct  that  a 
current  directed  exactly  across  a  nerve,  so  as  to  pass  at  right  angles  to  its  fibres  does 
not  give  rise  to  muscular  contraction.  This  view  is  now  accepted  by  most  modern 
experimenters. 

All  who  have  experimented  upon  the  action  of  galvanism  upon  the  mixed  nerves 
have  noted  the  fact  alluded  to  above,  that  the  phenomena  of  contraction  are  manifest- 
ed only  on  closing  or  on  breaking  the  circuit.  Take,  for  example,  a  frog's  leg  prepared 
with  the  nerve  attached ;  place  one  pole  of  a  feeble  galvanic  appai'atus  on  the  nerve  and, 
then  make  the  connection,  including  a  portion  of  the  nerve  in  the  circuit;  with  the 
.nildest  currents,  contraction  occurs  only  on  closing  the  circuit,  independently  of  the 
direction  of  the  current ;  with  currents  of  medium  strength  (Pflliger)  contractions 
occur  both  at  closing  and  opening  the  circuit,  for  cun-ents\f  iithef  LcS  w  th 
s  rong  currents  contraction  occurs  only  at  the  closing  of  the  direct  current  aM  the 

f    ;  nTl'  ^  ^^^^  -rftaMnty  become 

somewhat  enfeebled  by  exposure  of  the  parts.    The  phenomena  then  observed  belon"  o 

■       Zl         r         "  °^  "  ^^'""^  "  °f  l^ter  staged  of 

this  condition,  the  phenomena  may  be  formularized  as  follows  ■ 

If  the  sciatic  nerve  attached  to  the  leg  of  a  frog,  prepared  in  the  usual  way  for  such 

expenments,  be  subjected  to  a  feeble  galvanic  current,  there  is  a  time  when  muscTar 

contraction  takes  place  only  at  the  instant  when  the  circuit  is  made,  no  coraSon 

occurring  when  the  circuit  is  broken  ;  and  this  occurs  only  with  the  direct  current    v  z 

negative  be™  If  ZnTf        ^"7'""^'  '""^  being  above,  and  "he 

negative  below    If  the  poles  be  reversed,  so  that  the  galvanic  current  flows  from  the 
periphery  toward  the  centres  (the  inverse  current),  contraction  of  the  mulcle   occu  s 
only  when  the  circuit  is  broken  and  none  takes  place  when  the  circuit  is  do   d  These 
p  enomena  are  distinct  after  the  irritabihty  of  the  parts  has  become  somewhat  dit  n 
.I  d  by  exposure  or  by  electric  stimulation  of  the  nerve,  but  they  may  occur  in  p  r- 
tectly_  fresh  parts,  when  the  galvanic  current  is  very  strong.    Usually,  when  the  ne 
vous  irntabihty  is  at  its  height,  contractions  occur  both  on  closing  and  bi-riSng  tl  e  c^r 
cuit,-^but  they  are  more  powerful  on  closing  the  circuit,  for  the  direct  cSr  S  and  on 
eSntr ™  ^'^^^  -ted  by  "f'mode?: 


-  «o  as  to  leave  the  nerves  of  th^:::  siJ^r^ S^X^^I  S^^^ 
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column.  T.0  le,s  are  t-n  ^ced  each  c.e  ^^^^l^l^^l^^^. 
vanio  current  is  passed  from  one  S^-^^J^^  ^,  7^;;^^^  airect  for  the  one  and  inverse  for 
n.ont,  the  current  will  pass  u  not  too  great,  there  .-111  be 

the  other.    In  tins  case,  if  «  ^  at  the  time  of  making  the  circuit, 

a  contraction  in  tlie  leg  in  which  the  c"nen    s  experiment  has  been 

and  the  other  leg  .viU  ^XZ^^^^n  a  living  horse.    A  Leydcn 

„>odiiied  by  Ohauveau      ^f  f  the  two  facials  are  exposed.    The  current 

jar  is  very  feebly  charged  'J' f^,  .  ,^Mch  gives  but  a  single  stimulus 

i  then  passed  instantaneous  y  ""T,^ w  t  e  c^^^^^^^  the'constant  current.  In  this 
and  that  corresponds  to  the  time  o  -'^^^^^^^^^^^^^  ,,,,  ^ther,  and  contraction 

experiment,  the  current  is  direct  foi  ^-^.^  the  current  is  direct, 

takes  place  only  in  those  muscles  J^^PPf^^^^^^J^^c  s3aTion  of  a  nerve  is  more  vig- 
The  muscular  contraction  produced  by  the  poles  of  the  battery. 

^tJ^  Z  r^^^P-  -  P-rtion  to  the  extent 

of  nerve  through  which  the  g'^?---  J^f;^  Z,,,,,^  by  the  repeated  appli- 

The  irritability  of  a  nerve,  it  is  well  l^"^^' Jf,^  "_^.,^t  and  it  is  more  or  less  com- 
cation  of  electricity,  whatever  be  ^^^^Z^X^^^on,  that,  when  the  h-rita- 
pletely  restored  by  repose.     t  is  ^  ™  f  ^ect  current,  it  will  respond  to  the  nverso 
bility  of  a  nerve  has  been  exhausted  foi  t'^^;';^^^;^^^^^       that,  after  the  irritability  has  ■ 
current,  and  .ice  and  it  is  '^^.^^;jZl\nore  promptly  by  stimulation  with 

been  exhausted  by  the  direct  current,  it  is  ^^'^'^  Thi  phenomenon,  observed 

the  inverse  current  than  by  absolute  -P-  '  ^^^^^^^^^^^^^^^  J,  strikingly  illustrated 

by  Volta,is  sometimes  known  as  "vdtaic^^^^^^^^  extremities,  the  nerves 

in  frogs  prepared  as  abov6  described  with  th^^^^^^^^ 

attached  through  a  portion  of  the  «P-f  direct  for  the  one  and  inverse 

n,ay  be  simultaneously  passed  ^^^^^^^y.^e,  contraction  occui-s  only  in  one  leg, 

for  the  other.    As  we  have  already  «een,  aftei  a  to  ^^^^  ^^^^^^^^ 

for  which  the  current  is  direct,  on  ^^f  *e  ^^^^^^^^^^  after  a  time  there  wUl  be  no 
the  circuit.  By  repeatedly  passing  he  ^^-^^^^^^'^^^^^^  l^ecome  exhausted.  If  the 
contraction  in  either  leg,  the  irritability  of  ^^^^  ^^^^      battery  be  now  reversed,  so  as 

?o  Ike  the  inverse  current  take  the  place 
of  the  direct,  contractions  with  makmg  and 
breaking  the  circuit  wiU  agam  occur.  The 
SSyniay  again  be  exhausted  an^^^^^^^ 

stored  by  changing  the  P°1^\J.^^. 
be  repeated  several  times  with  the  same 

preparation. 

Induced  Muscular  Oontraction.--A^v. 
rious  phenomenon  was  discovered  by  Mat 
teucci  in  experimenting  upon  nervous  and 
rir  irritability,  which  has  b^^^ 
"       "induced  muscular  Jp-c 
^^n^,  leas  prepared  so  as  to  found  that,  if  the  nerve  °J  *  f "  ^^^^ 
--^^::ZSa'^^<^^^^"  i^--^  frog's  leg  i^^l^^.^^^^  of  another 

attached  in  the  way  already  ^--;^;^,rt^ ^f  ^0^^;:  rise  to  con.ac.on  of 

log  prepared  in  the  same  way,  S^l^;^;*^;^^^  ^^^l  ,^  contact  will  induce  eontrac Uonm 
the  muscles  with  which  the  nerve     ^^^f'fV^^.^^.^ded,  and  contractions  may  thus 
the  muscles  of  both.    This  experiment  may  be 
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induced  in  a  series  of  legs,  tlie  nerve  of  one  being  in  contact  with  the  muscles  of  another. 
This  illustrates  the  great  delicacy  of  the  galvanoscopio  frog's  leg,  as  it  will  indicate  a 
current  due  to  a  single  muscular  contraction,  which  does  not  afi'ect  an  ordinary  galva- 
nometer. It  is  conclusively  proven  that  the  "induced  contraction,"  as  just  described,  is 
not  due  to  an  actual  propagation  of  the  galvanic  current,  but  to  a  stimulus  attending  the 
muscular  contraction  itself,  by  the  fact  that  the  same  phenomena  occur  when  the  first 
muscular  contraction  is  induced  by  mechanical  or  chemical  excitation  of  the  nerve. 

Galvanio  Current  from  the  Exterior  to  the  Cut  Surface  of  a  Mrvc. — Before  we  study 
certain  phenomena  presented  in  nerves  of  which  a  portion  is  subjected  to  the  action  of 
a  constant  galvanic  current,  it  is  important  to  note  the  fact  that  there  exists  in  the 
nerves,  as  in  the  muscles,  a  galvanic  current  from  the  exterior  to  their  cut  surface.  This 
fact  has  been  noted  by  all  who  have  investigated  the  subject  of  electro-physiology.  It 
has  been  roughly  estimated  by  Matteucci  that  the  nerve-current  has  from  one-eighth 
to  one-tenth  the  intensity  of  the  muscular  current.  The  existence  of  the  nerve-current 
has,  as  far  as  we  know,  no  more  physiological  significance  than  the  analogous  fact  ob- 
served in  the  muscular  tissue.  It  is  presented  in  nerves  removed  from  the  body  and  has 
no  relation  to  their  functional  activity,  whether  in  normal  action  or  excited  by  artificial 
stimulation. 

Effects  of  a  Constant  Galvanic  Current  upon  the  Nervous  Irritahility.— Aside  from 
the  disorganizing  effect  upon  the  nerves  of  a  powerful  constant  current,  which  is  due 
solely  to  decomposition  of  their  substance,  a  feeble  current  has  been  found  to  exert  an 
important  influence  upon  the  nervous  irritability,  according  to  the  direction  in  which  the 
current  is  passed.  The  law  in  accordance  with  which  this  influence  is  exerted  is  stated 
by  Matteucci  as  follows : 

"A  contmued  electric  current  passed  through  a  mixed  nerve,  the  crural  or  the  lum- 
bar, for  example,  modifies  the  excitability  of  the  nerve  in  a  very  diflrerent  manner,  accord- 
mg  to  Its  direction.    The  excitability  is  enfeebled  by  the  passage  of  the  direct  cui-rent 
and,  on  the  contrary,  it  is  preserved  and  augmented,  at  least  within  certain  limits  by  the 
mverse  current.    The  time  necessary  in  order  that  the  current  shall  produce  this  modifi- 
cation IS  proportionate  to  the  degree  of  excitability  of  the  nerve  and  in  inverse  ratio  to 
•  the  intensity  of  the  current.    After  the  breaking  of  the  circuit,  the  modification  of  the 
:  nerve  tends  to  cease  at  a  period  that  is  short  in  proportion  as  the  excitability  of  the  nerve 
:  13  great  and  the  intensity  of  the  current  is  feeble.    This  proposition  explains  the  differ- 
.  ence  m  the  electro-physiological  effects  of  the  continued  current  according  to  its  direc- 
1  tion,^  and  the  well-known  phenomenon  of  voltaic  alternations." 

This  law  has  been  carefully  studied  and  formularized,  as  above,  by  Matteucci,  but  its 
.  discovery  is  attributed  by  physiological  writers  to  Pfaff.    After  a  time,  varying  with  the 
.  excitability  of  the  nerve  and  the  intensity  of  the  current,  the  direct  current  will  destroy 
r  the  nervous  irritability,  but  this  may  be  restored  by  repose,  or  more  quickly  by  the  pas- 
-  sage  of  an  mverse  current.    If  the  inverse  current  be  passed  first  for  a  few  seconds,  a 
contraction  follows  the  breaking  of  the  circuit;  and  this  contraction,  within  certain 
I  units  IS  more  vigorous  the  longer  the  current  is  passed.    At  the  same  time,  the  pro- 
ionged  passage  of  the  inverse  current  increases  the  excitability  of  the  nerve  for  any  kind 
ot  stimulus.    When  the  inverse  current  has  been  passed  through  the  nerves  for  several 

■  iiours,  breaking  of  the  circuit  is  followed  by  very  violent  contraction  and  a  tetanic  con- 

■  uition  of  the  muscles,  enduring  for  several  seconds. 

Electrotonus,  Anelectrotonus,  ami  Catelectrotonus. 

Many  years  ago,  Du  Bois-Reymond  discovered  the  curious  and  interesting  fact  that 

t'  W  '  'T^T^  P"'''*^  "  P^'-*'"^  °f  ^  freshly-prepared  nerve' 

^  those  parts  of  the  nerve  not  included  between  the  poles  are  brought  into  a  peculiar 
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dition.  While  in  this  state,  the  nerve  will  deflect  the  needle  of  a  delicate  galvanometer, 
and  its  excitability  is  modified.  The  deflection  of  the  needle,  in  this  instance  ,s  not  due 
to  the  normal  nerve-current,  for  it  occurs  when  the  galvanometer  .s  applied  to  the  surface, 
of  the  nerve  only.  It  is  due  to  an  electric  tension  of  the  entire  nerve,  induced  by  the 
passage  of  a  current  through  a  portion  of  its  extent.  This  condition  is  called  electrotonus. 
The  phenomena  thus  produced  have  been  most  elaborately  studied  by  PflUger,  who 
farther  recognized  a  peculiar  condition  of  that  portion  of  the  nerve  near  the  anode,  or 
positive  pole,  differing  from  the  condition  of  the  nerve  near  the  cathode,  or  negative  pole. 
Ne  r  Ihe  an^de,  the  excitability  of  the  nerve  is  diminished,  and  this  condition  has  been  || 
odled  anelectrolonus.  Near  the  cathode,  the  excitability  is  increased,  and  this  condition 
Vinq  been  called  catelectrotonus. 

These  varied  phenomena  have  been  the  subject  of  extended  investigation  by  electro- 
physiologists ;  and,  although  they  are  not  to  be  ranked  among  the  physiological  properties 
o  the  nerves,  they  have  considerable  pathological  and  therapeutical  importance.    It  is 
wen  known,  for  example,  that  electricity  is  one  of  the  most  efficient  agents  '^t  com- 
mand for  the  restoration  of  the  functions  of  nerves  affected  with  disease;  and  th  con 
Tnt  current  has,  particularly  of  late,  been  extensively  and  successfully  used  as  a  thera-  | 
tut  cal  rgent    The  constant  current,  in  restoring  the  normal  condition  of  nerves,  must 
Lfluen ce  not  only  that  portion  included  between  the  poles  of  the  batte.,^  but  he  en tir 
nerve -  a^cl  the  Lctrotonic  condition,  with  its  modifications  -Pl-s  how  th  s  r  t 
may  be  obtained.    Undoubtedly  the  sensory  nerves  are  affec  ed  as  weU  as  tbe  moto 
"though  we  have  as  yet  but  little  positive  information  upon  this  pomt.    ^  know!  dge  of 
fnot  that  the  constant  current  diminishes  the  excitability  of  the  nerve  neai  the  anode 

In  the  present  condition  of  the  subject  of      •^^•""P^y^  le  renomena  ' 

do  more  tLn  to  indicate,  as  clearly  and  simply  as  possible,  ^^^^J^^ 
attending  the  passage  of  a  constant  current  through  nerves,  as  fax  as  they 

definitively  ascertained.  j  attempt  to 

The  phenomena  of  electrotonus  are  vei-y  simple    and  it  is  only  w  j^^^^ 

construct  a  theory  to  account  for  these  V^'^'T^'^'J^l'''^^^^^^  kiUed, 
Suppose,  for  example,  that  a  nerve  be  J  h  about  twelve  square 

and  a  galvanic  current  be  apphed  from  a  Giove  s  ^f  ^J^^Z  one  part  of  ordinary  sul- 
inches  of  zinc  are  exposed  to  the  action  of  a  to  Z  Zr..  either  above 

phuric  acid  to  eight  of  water.   A  ^f^^e  galvanometei  appl  d  o  the  ^e 

or  below  the  poles  will  indicate  a  decided  ^--^^^^^^^^^^^^^^^^  exists 
nerve-current  between  the  exterior  and  the  cut  suiface^  l^Xe.n  Lv^n  by  Matteucci  in 
BO  fong  as  the  galvanic  current  is  --^^^^'^.^^^^'^^^^'^.S "beep-when  the  galvanic 
operating  upon  the  higher  animals-rabbits,  ^'^g^'>^;'j;7^  eondition  persists 

current  has  been  sufficiently  powerful  and  P^'^^^S^^' f  that  the  muscular 

for  a  certain  time  after  the  stimulus  has  ^^//J^  J^;;:^;^^  proportion  to  the 
contraction  following  galvanic  ^^^71^*^°^  ^^/.^aL^v  ^ 

extent  of  nerve  included  between  the  poles  f  t^l^'^  ^^^^^^^^^^^^  the  constant  current; 
increases  in  intensity  with  the  length  of  the  neive  ^"^J^^^ed^^^^  eompensate  the 

provided,  always,  that  the  strength  of  *  ^  ™  ^^^.^ten^^^^^^ 

enfeebling  action  due  to  the  resistance  m  the  ^"f^^f  ^^^^        ^^^^  l^een  advanced  in 
Wedo  not  propose      discuss  fully  the  various  theoiis^^^^^^^ 

explanation  of  the  phenomena  of  electrotonus  Matt^-ci  ^^T^,,,^^^^.  and  the  other 
observations  upon  conductors  formed  of  very  J^'/'^^^^i.i  solution  of  sulphate 

of  amalgamated  zinc,  covered  with  cotton  ^^^^f^^^  to  operate  first  with  the  platinum 
of  zinc    The  experiments  were  then  arranged  ««J  .^^       ™ ^  through  a  small  portion 
.       wire  and  afterward  with  the  zinc,  by  passing  a  galvani    cu  ient        g^^^^^^  ^^^^ 
of  the  conductor,  in  the  same  way  as  it  is  passed  through  a  port 
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that  in  this  way  ho  could  produce  a  strong  electrotonic  curreut  in  tho  platinum  wire,  even 
at  a  distance  of  more  than  three  feet  from  tho  electrodes,  wliilo  no  such  current  was 
observed  in  the  zinc.    He  remarks  that  in  the  platinum  wire  "  secondary  polarities"  are 
produced  very  powerfully  and  rapidly,  while  those  are  not  developed  in  the  zinc.  From 
these  experiments  alone,  it  might  seem  that  the  phenomena  of  electrotonus  are  to  bo 
explained  entirely  by  the  physical  properties  of  the  nerves  as  conductors  of  electricity ; 
but  various  observations  on  the  nerves  under  different  conditions  have  conclusively  proven 
the  contrary.    All  observers  are  agreed  that  the  electrotonic  condition  is  marked  in  pro- 
portion to  the  excitability  of  the  nerve,  and  it  is  either  entirely  absent  or  extremely  feeble 
in  nerves  that  are  dead  or  have  lost  their  irritability.    If  a  strong  ligature  bo  applied 
to  the  extra-polar  portion  of  the  nerve,  or  if  the  nerve  be  divided  and  tho  cut  ends  be 
brought  in  contact  with  each  other,  the  electrotonic  condition  is  either  not  observed  or 
is  very  feeble.    These  facts  show  conclusively  that  the  phenomena  of  electrotonus 
depend  upon  the  physiological  integrity  of  nerves.    A  dead  nerve,  or  one  that  has  been 
divided  or  strongly  ligatured,  may  present  these  phenomena  mider  the  stimulation  of  a 
very  powerful  current  (and  then  only  to  a  slight  degree),  when  the  condition  depends 
upon  the  purely  physical  properties  of  the  nerve  as  a  conductor  ;  but  there  is  no  com- 
parison between  these  phenomena  and  those  observed  in  nerves  that  retain  their  physi- 
ological properties.    Were  it  otherwise,  how  could  the  physiological  properties  of  a  dis- 
■  eased  nerve  be  restored  throughout  its  whole  extent  by  a  constant  current  passed  through 
a  restricted  portion,  when  the  excitability  of  the  nerve  is  only  manifested  at  the  clos- 
ing or  opening  of  the  circuit? 

Anelectrotonus  and  Cateleetrotonus. — It  is  interesting  to  note  that,  when  a  portion  of 
:  a  nerve  is  subjected  to  a  moderately  powerful  constant  current,  the  conditions  of  the 
«  extra-polar  portions  corresponding  to  the  two  poles  of  the  battery  are  entirely  different. 
:  Near  the  positive  polo,  or  anode,  tho  excitability  of  the  nerve  and  tho  rate  of  nervous 
I  conduction  are  diminished.  If,  however,  we  have  a  galvanometer  applied  to  this  portion 
c  of  the  nerve,  its  electromotive  power,  measured  by  the  deflection  of  the  galvanometric 
I  needle,  is  increased.  On  the  other  hand,  near  tho  negative  pole,  or  cathode,  tho  excita- 
';  bility  of  the  nerve  is  increased,  as  well  as  the  rate  of  nervous  conduction  ;  but  the  elec- 
•  tromotive  power  is  diminished.  Those  facts,  at  least  so  far  as  they  relate  to  the  increase 
.  of  the  excitability  of  tho  nerve  near  the  cathode  and  its  diminution  near  the  anode, 
:  are  partially  explained  by  Matteucci  upon  purely  physical  principles,  depending  upon 
:  the  electrolytic  action  of  the  current,  as  is  shown  by  the  following  experiment : 

Two  cups  are  filled,  the  one  with  a  very  feebly  alkaline  solution,  and  tho  other  with 
i.an  equally  weak  acid  fluid.    A  number  of  galvanoscopic  frogs'  legs  are  then  rapidly  pre- 
;  pared,  of  which  one-half  the  number  is  plunged  in  the  alkaline  and  one-half,  in  the  acid  • 
fluid,  for  from  thirty  seconds  to  one  or  two  minutes.    The  parts  are  then  removed  from 
t  the  liquids  and  are  carefully  washed  and  dried  in  bibulous  paper.    By  touching  the 
n  nerves  with  a  strong  solution  of  common  salt,  which  is  a  powerful  excitant  for  the  ner- 
vous irritability,  the  nerves  that  had  been  exposed  to  the  alkaline  solution  produced 
-  more  powerful  and  prompt  contractions  than  those  exposed  to  the  acid.    Now,  the  elec- 
itrolytic  action  of  a  constant  current  tends  to  the  accumulation  of  hydrogen  and  an  alkali 
near  the  cathode,  and  of  oxygen  and  an  acid  near  the  anode  ;  and  by  this  fact,  Matteucci 
explains  the  increase  of  excitability  in  cateleetrotonus  and  the  diminished  excitability  in 
anelectrotonus.    As  regards  this  question,  we  have  only  to  say,  as  in  the  case  of  gen- 
eral electrotonus,  that  the  conditions  are  susceptible  of  a  partial  explanation  upon  purely 
physical  grounds  ;  but  precisely  how  far  the  unexplained  physiological  properties  of  tho 
nerves  arc  involved,  it  is  impossible  to  say. 

Neutral  Point.— Th^  anelectrotonic  condition,  on  the  one  hand,  and  the  catelectro- 
tonic  condition  at  the  other  pole  of  the  battery,  are  marked  in  extra-polar  portions  of 
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-  -ve  ana  a.  to  ^ ^  e^^^^ 

is  passing ;  but,  ^^^^J^^^  ^'^'^^^l '  ,een  called  the  neutral  point.  Wlu  n 

and  where  the  ^^''\^}''^X!oZvl^^^^^^         the  neutral  point  is  about  half-way  betwc,  n 

whereas  in  a  strong  current  the  positive  pole  prevails.     (Luthei  ioi  d.) 

.      ■     ir    •  ThM-e  remains  to  be  considered  one  curious  phenomenon,  dis- 

"^TfrDSrey^oi  r;  npon  the  action  of  a  rapidly-interrupted 

covered  by  Du  Bois-Keymonu  w  i  ^       jie^  to  a  living  nerve  so 

current  applied  to  an  '^'f''\''''2JlovtZ^ 

as  to  indicate  by  its  deviation  the  noimal,  it  is  Veil  known,  produces  a 

current  of  «  P^s^^^^^^^^^ 

tetanic  condition  of  the  muscles,    ii  .^e  i  indicating  that  the  proper 

be  observed  to  retrograde  and  wdl  final  y  ^^l^^ll^l  ^  slight  degree  under  the 
nerve-current  has  been  overcome,    ^l^is  will  be  observ  .  ^erve-current 

influence  of  mechanical  or  chemica  ^^---^^H'^  tii  ^  J2n  of  the  needle  under  the 
,eing  diminished,  but  generally  ^^^tlle^  ^^^^^^^^^^^^^^  We  do  not  yet 
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tions-Motor  ocnli  externus,  or  »^<1"'^°.  '^^^^^f  J^u  or  inot^^^  r^ot  of  the  fiftb)-Pbysiolog,cal  anatomy 
Motor  nerves  of  the  face-Nerve  of  "„f\be  nerve  of  mastleation-Faeial  nerve,  or  nervo  of 

-Deep  origin-Distrlbution-Propcrhes  and  fun-^b^^^^^^^  ^^^^^  Wrisberg-Decns- 

expression(the  portio  dura  of  the  ^«^'="*)--Phys  olog^ea  an.      y  distribution  of  the  fae.al-Anasto- 

atton  of  the  fib  es  of  origin  of  the  ^^'^^^'^^'^'^''XZ  TL  fac"rFunctions  of  the  branches  of  the  focm 
"oses  with  sensitive  nerves-Properties  //^''^/r-Influence  of  various  branches  of  the  fac,d 

^vithin  the  aqueduct  of  Fallopius-Funct.ons  tl^^"^^"™ '  ^J^^^rnal  branches  of  the  ftcial-Spinnl  accessory 
upon  the  movements  of  the  pal.ate  -<1  "^^^  \  aLtomv-^PrSrUes  and  functions  of  the  spinal  accesso.y- 

paralysis. 

Spinal  Nerves. 

■      ..n  a  thorou^  knowledge  of  the  ^^^^^Z^^ 
cerebro-spinal  system  ^Ije  fun^tions^of  mos^^^^^^^^^^^^  ^^^^  ^^^^^  ^^^^^^    These,  in 

from  their  anatomical  relations  J^^'^^^^fPf '^^^^^  trunk  and  extremities,  to  the  s,.hmc- 
general  terms,  are  distributed  to  ^^^7'^^'=^''' gterior  segment  of  the  head,  and 
Ls  and  the  integument  covering  bese  p   ts   h^os^t^  ^^^^^^^ 

a  portion  of  the  mucous  membranes    It  is  ^^^^^         ^^^^  description,  not  on  y  o 
exL  function  of  each  nervous  '^^T'XZ'^lZ.  Tl^^^^    -itlun  the  scope  only  of 
the  nerves,  but  of  the  muscles  of  the  body,  winch  is  m  ^^.^^ 
elaborate  treatises  on  descriptive  anatomy.    It  JS  Buthc       ^^^^.^^^^  ^^^^^^  dorsal,  five 
tion,  that  there  are  thirty-one  pairs  of  spinal  neives ,  g 
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lumbar,  five  sacral,  and  one  coccygeal.  Each  nervo  arises  from  the  spinal  cord  by  an 
anterior  (motor)  and  a  posterior  (sensory)  root ;  the  posterior  roots  being  the  larger  and 
each  having  a  ganglion.  Immediately  beyond  the  ganglion,  the  two  roots  nnite  into  a 
single  mixed  nerve,  which  passes  out  of  the  spinal  canal  by  the  intervertebral  foramen. 
The  nerve  thus  constituted  is  endowed  with  both  motor  and  sensory  properties.  It 
divides  outside  of  the  spinal  canal  into  two  branches,  anterior  and  posterior,  both  con- 
taining motor  and  sensory  filaments,  which  are  distributed  respectively  to  the  anterior 
and  the  posterior  parts  of  the  body.  The  anterior  branches  are  the  larger,  and  they  sup- 
ply the  limbs  and  all  parts  in  front  of  the  spinal  column. 


'-£^^^^^1.  ^'m^W-^ 

ner^e^n  A^iriV^^xl^J^^^^^™^;-  't^^tT^S^^^a!:^]  ill^I'/^;,  ,1=  ^"^"I' 

The  anterior  branches  of  the  four  upper  cervical  nerves  form  the  cervical  plexus,  and 
tlio  four  mferior  cervical  nerves,  with  the  first  dorsal,  form  the  brachial  plexus  The 
.|antenor  branches  of  the  dorsal  nerves,  with  the  exception  of  the  first,  supply  the  walls 
lot  the  chest  and  abdomen.    These  nerves  go  directly  to  their  distribution,  and  do  not 
■nrst  form  a  plexus,  like  most  of  the  other  spinal  nerves.    The  anterior  branches  of  the 
our  upper  lumbar  nerves  form  the  lumbar  plexus.    The  anterior  branch  of  the  fifth 
umbar  nerve  and  a  branch  from  the  fourth  nnite  with  the  anterior  branch  of  the  first 
sacral,  formmg  the  lumbo-sacral  nerve,  and  enter  into  the  sacral  plexus.    The  three 
^pper  anterior  sacral  nerves  with  a  branch  from  the  fourth  form  the  sacral  plexus  The 
-greatest  portion  of  the  fourth  anterior  sacral  is  distributed  to  the  pelvic  viscera  and  thi 
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muscles  of  the  anus.    The  fifth  aBtorior  sacral  ami  the  coccygeal  arc  distributed  ahout 

the  coccyx.  „r„-vi,»  nm  vflvv  Bimnle  in  their  distribution. 

The  posterior  branches  ^^^^--f^^^^^^^ 

With  one  or  two  Jranches,  ext e'nal  and  internal,  and 

pass  bacl^war    JXibuTou  g  To  th  m^^^^^    and  integun^ent  behind  the  spinal  colun.n. 

^"^.tsrir-Ho  Lte  as  .e -f^—::^:-^^ 
— tssr  «:2ar:i^^^^^     two  systems . 

nerves  has  great  physiological  interest. 

Cranial  JSTerves. 

1  •  1  ^00=  nnt  from  the  cranial  cavity  present  certain  differences,  in  their  ' 
The  nerves  which  ^^'^'^ll^^^^^^      .raJ.-y  spinal  nerves.    As  we  have  seen, 
arrangement  and  ^^^^^^^^^^^^  each  one  heingUed  by  the  union  of  a  motor 

the  spinal  nerves  aieexceemnfciy      i  and  a  sensory  root.    The  function  ot 

most  of  them  follows  as  a  matter  of 
course  when  we  understand  their  gen- 
eral properties  and  anatomical  distri- 
hution.    Many  of  the  cranial  nerves, 
however,  are  peculiar,  either  as  regards 
their  general  properties  or  in  their  dis- 
tribution to  parts  concerned  in  special 
functions.  In  some  of  these  nerves,  the 
most  important  facts  concerning  then- 
distribution  have  been  ascertained  only 
by  physiological  experimentation,  and 
their  anatomy  is  inseparably  connected 
with  their  physiology.    It  would  be  de- 
sirable, if  it  were  possible,  to  classify 
these  nerves  with  reference  strictly  to 
their  properties  and  functions ;  hut  this 
can  be  done  only  to  a  certain  extent, 
and  we  must  adopt  as  a  basis  those 
divisions  recognized  in  the  best  works 

upon  anatomy. 

The  two  classifications  of  the  cramal 
nerves  adopted  by  most  anatomists  arc 
the  arrangements  of  Willis  and  of  Som- 
merring.  The  first  of  these  is  the  more 
common,  and  in  it  the  nerves  are  num- 
bered from  before  backward  in  the  or- 
der in  which  they  pass  out  of  the  skull, 
making  nine  pairs. 

Anatomical  Classification  of  the 
Cranial  Nerves. 
First  Pair.-0]fMy\  the  specid 
nerve  of  smell. 

Second  Patr.-Optic  ;  the  special  ^^^l^^l^f^^.^^  distributed  to  all  of  the  muscles 
mrd  Pair.-Uotov  ocuh  commun      a  motor  nei  .  .^^  the 

of  the  eyeball,  except  the  external  rectus  and  the  sup 
levator  palpebrse. 


Fxa.  m.-BooU  of  ike  cranial  nerves.  (Hirschfeld.) 


I  First  pair;  olfactory. 
iFl"  SpSr-'mo^rocuU  communis. 

|?fttp^rtieCof  mastication  and  trifacial. 
Vl!  SiTthpair;  motor  oculi  externuB. 


V 1.  Dixtn  pu"  1  i"".-".  

VU.  Facial.      l  Seventh  pair. 
VIII.  Auditory.  ( 

IX.  Glosso  pharyngeal.  \  ^ 
X.  Pneumogastric.  Viigntn 


pair. 


Xli  Spinal  accessory.  ) 
^^^^h^^sTl^ytrr  hranches  which  wi„  he  descHhed 
hereafter. 
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Fourth  P«ir.-Pathoticus,  or  trocbloaris  ;  a  motor  nerve  sent  to  the  superior  obliaue 
muscle  of  the  eye. 

Fifth  Pair.— A  small  motor  root  (nerve  of  mastication),  distributed  to  the  muscles  of 
masticat.on,  and  a  large  root  (trifacial),  the  nerve  of  general  sensibility  of  the  face 

bixth  Pair.-miov  oculi  externus,  or  abducens;  a  motor  nerve  passing  to  the  exter- 
nal rectus  muscle  of  the  eye.  fo  "  ""o  exter- 

Seventli  PazV.-Portio  mollis,  or  auditory,  a  special  nerve  of  hearing;  and  the  portio 
dun^  or  tacutl,  a  motor  nerve  distributed  to  the  superficial  muscles  of  the  face 

is.<ir>J  A  i>«^,.._Glosso-pharyngeal  ;  pneumogastric,  or  par  vagum;  and  spinal  acces- 
sory.   1 1'ree  mixed  nerves,  ,yith  quite  extensive  distributions  ^P'nai  acccs 

Mnth  Pazr.-Sublingual.  or  hypoglossal;  a  motor  nerve  distributed  to  the  tongue. 

Physiological  Classification  of  the  Cranial  Mrves. 

Olfactory.  "-^  ^^"^"^ 

Optic. 

Auditory. 

f.oiS"tftr  r  '^^^f        P/'-*  °f  the  glosso-pharyngeal  and  a  small  filament  from  the 
tacial  to  the  hngual  branch  of  the  fifth. 

(b)  Nerves  of  Motion. 

Nerves  of  motion  of  the  eyeball,  comprising  the  motor  ocuH  communis,  the  patheti 
cus,  and  the  motor  oculi  externus.  ^'^^m.,  me  paineti- 

Nerve  of  mastication,  or  motor  root  of  the  fifth. 
Facial,  sometimes  called  the  nerve  of  expression. 
Spinal  accessory. 
Sublingual. 

(c)  Nerves  of  General  Sensibility. 
Trifacial,  or  large  root  of  the  fifth. 
A  portion  of  the  glosso-pharyngeal. 
Pneumogastric. 

In  the  above  arrangement,  the  nerves  are  classified  according  to  their  properties  at 
tlmu-  roots.  In  their  course,  some  of  these  nerves  become  mixed  and  theh-  Lnctes  are 
Ct^^r  "       pneumogastric  and  the  inferior  maxillaXnch:; 

The  nerves  of  special  sense  are  but  slightly  if  at  all  endowed  with  general  sensi- 
bility; and,  w>th  the  exception  of  the  gustatory  nerves,  they  do  not  present  nanXn 
on  t  e,r  roots,  in  this,  also,  differing  from  the  ordinary'sensory  neits'    T^are  cta- 
;d  r^'^hf  o^f '7'"^"      the  nerve-centres  only  certain  peculiar  impressl^s  su'ch 

3Iotor  Oculi  Communis  {Third' Nerve). 

™usSl?of  leTi'T.  "  T  -T*  ^i^t"b"ted  to  the 

tribu  ion  tl     T     \  '•e'ldily  understood  in  connection  with  its  dis 

up  r   .ie  "the  resur  f       -'""r  '""^       relations  to  the  movements  of  the  ir 
to  the : Sy     Z  1L7:ZT:J.'  TT:'  ^'^^^-^'^^^-^        -  -troductlon 
relations.  ^«  "'^"''''''^     describe  its  anatomical 
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T  -1     oil  of  the  cranial  nerves,  tl.is  has  an  apparent  ongm, 
Physiological  ylnatomy.-Like  all      ^'  .  •    ^^j^jeh  is  the  last  point  to 

where  it  separates  from  the  ^1°^  of  the  br^^ 

which  its  fibres  can  be  traced  m  the  distribution.  ,  .  ^.  ^ 

single,  rounded  trunk.  ^    dissections  of  the  encephalon  fresh 

The  deep  origin  of  the  nerve  has  ^^eenj^^^^^^^^^^       ,y  they  emerge  from  the 

and  hardened  by  different  hquids^   F  om   he  g  o^_^^y  ^^^^^^^^  ^^^.^^  .^^^^^^^ 
encephalon,  the  fibres  spread  out  m  .  ^^^^^^l^  .^^^^^^       for^,,d,  and  the  posterior, 

inward  and  backward.    It  is  probable  that  the 
middle  filaments  pass  to  the  median  Ime  and  de- 
l^fW"^^^  Isate  with  corresponding  fibres  from  the  oppo^ 

!    IBBR\  iteside.    The  anterior  filaments  puss  f^^^^^^^^^^^^ 

m    r/amnWlh  and  are  lost  in  the  optic  thalamus.    The  poste 

m  iHtKi    W\  ^  ^^-^'^-'^  «^  '''''''        pass  backward  an 

loiUBta^^     m         decussate  beneath  the  aqueduct  of  Sylms.  This 
WmtMm      U        apparent  decussation  of  the  fibres  of  ongm  of  he 
'  X^WPP^  \V\       S  nerves  is  important  in  connection  with  the 
^^^^l^^^^l     t;lny  of  action  of      -uscles  of  the  eyes  and 

^^^Klm  ^1    simple'  Yst pasTestn^J'the  orbit  by  the  s]^ie- 

fh  IJ,,  fi,.ure,  it  divides  into  two  ^-^f  ^  J^^^. 

Wm  'm  ,  gunerior,  which  is  the  smaller,  passes  to  the  su 

-  ixmP^  supeiiui,        jj^^gg;^g  of  the  eye,  and  certain  ot 

F.G  ■m-J^istMonafmniot.rccuUcom-  its  filaments  are  ^'J^J^j;;'^^.  up 
Fig.  lau.  ^  '       ■     (rfirsohfeld.)  hrse  superions.     ine  miei.u  1  ,   „^.>,  Tifiss- 

1,  trun.  Of  *'^r^'i;^rS^^r^!i^  into  three  branches.    The  m terna  b-ch  P^- 
S'i^tl's^^  :^  es  to  the  internal  rectus  ^^^^^ 

paU'^'jri  snpfrwris,  i.bra^^^  ,     to  the  inferior  rectus, 

or  ophthalmic  ganglion  of  the  «y;-P^*^;f  J  ,"1  rganglion,  to  furnish  the  motor  influ- 
Z.  lhovt  ciliary  nerves  passing  from  the  lenticular  B    ^         ^.       filaments  from  the 

the  trifacial.  .     T^^Hotinn  applied  to  the 

by  its  --inumca tion^  w^  t^e  opb  ^        .^^  ^^^^^^^^       ,,,,ected  entirely 
fore,  this  nerve  is  exciusivcij- 

n°  In^t lipo-n.  f-,  W..  upon      '-^^^^friSt  c- of 

animL  are  agreed  witb  -"f  ^^'^  ^^/^^^^^^^^ 
upon  paralysis  of  the  voluntary  muscles. 


MOTOR  OCULI  COMMUNIS  (THIRD  NERVE). 

1.  Falling  of  the  upper  eyelid,  or  bleplmroptosis. 

2.  External  strabisrims,  immobility  of  the  eye  (except  in  an  outward  direction)  ina- 
bility to  ro  ate  the  eye  on  its  nntero-posterior  axis  in  certain  directions,  with  slight  mo 
trusion  ot  the  eye-ball.  ^  i 

of  tie  h-^'"*'''''  "  "'"'^^''^  ''""''"'^  of  interference  with  the  movements 

The  fdling  of  the  upper  eyelid  is  constantly  observed  after  division  of  the  third  nerve 
m  In-ing  animals  and  always  follows  its  complete  paralysis  in  the  human  subject.  An  ani! 
al  m  which  the  nerve  has  been  divided  cannot  raise  the  lid,  but  can  approximate 

t^^l  LT%  '  '"^""'"'^  ^"-^^  -bje;t,  the  fallinfof  Set 

gives  to  the  face  a  very  peculiar  and  characteristic  expression.    The  complete  loss  of 
power  shows  that  the  levator  palpebr.  superioris  muscle  depends  upon  the'th  rd  ner- 
\     T       n-  ^tvaUsmul  is  very  frequent^ 

iTaffecTed    *  *°        levatoLus^  nol 

finn^^  T^T^  Strabismus  and  the  immobility  of  the  eyeball  except  in  an  outward  direc 
ion  are  due  to  paralysis  of  the  internal,  superior,  and  inferior  recti  muscles  tL  external" 
rectus  acting  without  its  antagonist.    This  condition  requires  no  farth   '  xZat  L 
These  points  are  well  illustrated  by  the  experiment  of  dividing  the  n^^ve  S  rabbits" 

oblique,  having  no  aata^onist  nf  .f  f.^  When  this  muscle  is  paralyzed,  the  superior 
downwU  and^Tt"  d'   S;^::  *^^^^  <i-ecting  the^upil 

the  head  alternately  toward  onrsh^de  l?^^^^^^  T    "\  ^^'^  move 

the  inferior  obliqiieUl  on  one  s  d  tp^^^^^^  "^^^ 
opposite  to  the  movements  of  Z  hli         7^''^'  ^'^iiot  move  in  a  direction 

pupil  fixed,  and  Z;:^^!j^^Zl        ''''''  ^ 

siniply  by'the'  relatSoTof^rt'o f^f  ^^^ITV' 

in  a  cat  with  the  facial  nerve  divirWl      h  .  .  ^^^'^'^     ^^^'^^  observed 

is  touched,  all  of  tZ  LZZ  ta  Sn  1  If  ''''' 

orbit,  whi  h  allows  tirS  l  to  fan  i  '  ^^"''^  t'^^ 

as  a  third  eyelid  in  these  animlt     '  "^"^^^"^^  ^^-^  «^rves 

thefrL  Wn:t\tis:S^^^^^^^^^^  ^^^^"^  -o-ments  of 

eyeball.    It  wii  Te  ememb  feft^  *°  °f  the 

glion  of  the  sympatl  tTc  and  tLt  fll  r''^  T''  g-" 
origin  and  paJs  to  the  I  k^ilfe  ,1^^  of  ^eT^^^^^^^^^       ^'T  """'^  "^^'^^^ 
from  motor  and  sensory  nerves  belonS  '  o^^  '^^t'^ 
"•ic  ganglion  is  no  exception  to  this  rTik     Whi  e  ^  T'"^'  "P'^*'^^^- 

the  third  nerve  affects  the  movements  of  thrt  s  I  *™«  t^^^*  di-sion  of 

direct  influence,  or  an  InfluenTe  fxerted  Vr  1^^,^^^^^^ 
differing  from  the  general  effS:;;     lyi^^tS  Tglia  Iff"?;""' ''''''''' 
their  branches  of  communication  with  the  motor  nei-ves  destruction  of 

he  most  important  experimental  observations  with  regard  to  the  influence  of  the 
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.    r  u     •  ,r.  lloi'bcrt  Mayo  made  experiments  on  thirty 
third  nerve  upon  the  iris  are  the  the  third,  and  the  fifth  nerves 

pigeons,  living  or  just  kiUed,  -V^^^^,,  ,,e  divided  in  the  cranial  cav.ty  .n  a  l.v- 
on  the  iris.  He  states  that,  ^^l'^^-^^  '^^^^^^^^^^^  j„  .o^tract  on  the  adunss.on  oi  mtense 
ing  pigeon,  the  pupils  become  ^'^^y  f  f^^Jed  in  the  living  or  dead  bird,  the  pupils  are 
light  Nnd,  when  the  same  nerve        l^^^^^^^^  serves.    The  same  results  loVlow 

contracted  for  an  instant  on        ^J^^^^^^  similar  conditions;  but,  when  the  third 

^^^^^t::::;:-nts  are 

assumption  is  that  the  third  ^.^^•yf^^.^^'f.^f^'ic  nerves  being  reflex  in  its  character. 

rcontraction  produced  ^  ;x  e  L-ts  somewhat  farther  Longet 

T  otRr  observers,  however,  have  earned  tueu  oxpc 

Sed  the  Hioior  oeuli  and  the  optic  nerve  -P^^^^^^J^Vt  \noveme^  of  the  pupil 
S  ot  the  central  end  of  the  divided  opt.  ^^^^  ...^ed  contraction  of  the 
of  the  side  upon  which  the  motor  oculi  l^.^*!  ^^^^^  ^  t^,,  fact  that,  in  amaurosis 

•vis  upon  the  opposite  side.    Th.s  taken  m  o  -e     -  ^  ^^^^^^^^  ^^^^^ 
affec^ng  one  eye,  the  iris  upon   he  ^ft  cted  s^de  w  ^^^^        ^  ^^^^^^^ 

V,„i.t  aPDlied  to  the  same  eye,  but  w  11  aci  w  through  these  nerves. 

i|  ,^-ther  illustrates  the  reflex  action  J^^^^^^^'^tt  instant^^^  like  mo^t  of  the 
^  The  reflex  action  by  which  the  u-isns  «°^tiacted  is  .^^      nations  are  rather 

analgo^s  phenomena  observedin  the  J^^^^^^^         muscular  tissue.    It  has 

characteri  tic  of  the  sympathetic  '^^'^'l^^  ^l'JZh^is,  that  the  pupil  is  not  immedi- 
ten  found,  also,  by  Bernard  in  experiments  -Pon  -^^^^^  ^^^^^^^^  '^e  ve' 

ately  dilated  after  division  of  the  thud  neive  ^^^.^        ^^^^,^g  the  neive 

du  fng  a  hook  into  the  middle  teinpora  fos^a  t^^"""  ^^^^^^^.^  ,,,,eh  of  the  tifth,  which 
1         hp  accomplished  witliout  touchmg  tue  op  persistent  contraction  of 

;::dtes  n^^^^^^^^^  ^^-^^  ^^'^Z^^:  LCve    S   upil  is  generally  found 

Te  pupil.    Several  hours  after  t^^^ f '"^Je  In  one  expen- 

dilateSfand  it  may  slowly  -^ract  when  h^^  eye  -  P     ^  farther  ex  per. 

iBent,  this  occurred  after  the  eye  had  been  ^^^^^^  ^^^^ 

Tent's  by  Bernard  show  that,  alt  -ugjaj^e  f  p^     ^.^^  ^.^^^^  e  ee  o 

stimulus  of  light  after  division  of  ^^^^7°'"  aerating  upon  other  nerves.  It  is  well 
bellonna  a^d  can  be  made  to  -^.^^.^tti^  of^^^^^^ 

known,  for  example,  that  division  or  ^'•"^^  °n  o^^^^  ^^.^^  ^,rve.  Sec^on 

the  pnpil.    This  takes  place  after  as  well     before  ^^^.^       ,  ,ftei 

means  constant ,  ana,  wue^  ^     ^^^^  ophthalmic  branch  ot  tue  nixu,  a 
The  movements  of  I  e  ms 
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The  following  case  kindly  sent  for  examination  by  Dr.  Althof,  of  the  New  York  Eve 
Inhnnary,  dlustrates^  m  the  human  subject,  nearly  all  of  the  phenomena  followin;  p t^v 
S.S  of  the  motor  ocuh  communis  in  experiments  upon  the  lower  animals  •  ^  ^' 

The  patient  was  a  girl,  nineteen  years  of  age,  with  complete  paralysis  of  the  „ 

paralysis  of  the  third  nerve.  '°°^P^'*^  ^"'^  uncomplicated 

Patheticus,  or  Trochlearis  {Fourth  Nerve) 
IS  extremely  simple  and  resolves  itself  into  the  action  of  o  ^^f'^^'^^^SJ 

cauce  as  the  decuLation  o  th?  l/s  ./t ^.^"^  Physiological  signifi- 
into  the  orbit  by  the  snhenoill  W  n     }•       °™       ""S"''       P^tl^eticus  passes 

of  the  eyeball     In  thS  cavernol  'f'^     ^'stributed  to  the  superior  obliqae  muscle 

ophthalmic  branch  of  the  fifth  "  tThr;  ''"""T.  '7°''"  communication  from  the 
branch  passes  into  tV.  .    ,  *^^f^  '^^'^       closely  united  with  the  nerve.    A  small 

being  exTs  elTsensi  ive  a^d^  T  ^^^^''^"'^^  -^^-e,  ^ese,  however 

receives  a  few  fiLrnt^r tVeTy;;^^^^^^^^^  ^^^^^^  «^ 

in  l^^ntSt^^trfht  P-^..-c«.-Direct  observations  upon  the  patheticus 
of  the  Superior  obli.u    uTiLe  irTh!    '  T 

fore,  resolves  itself  simpiriro  tll      i     p  ^™'"°°  °^       ^«'-^<'.  t^^ere- 

niuscle  arises  iust  above  H  .  °^  °^       ^"P^^'°'-  "^"^"^  """^cle  This 

P«Hey.    Erl  ts  0 1  n  to  hT  '•     '         cartilaginous  ring  which  serves  as  a 

before  it  paTes  thrS  he  nuC    1  "  T't"    ''^ -""^^^d  just 
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have  double  vision. 


Motor  Oaii  JMernn,,  or  AMu«r.  (-SWA  Mr..). 

properties.  ^^^.^^  .^^^.^^^  tlie  gi-oove 

PA«.i.%icaZ  ^na*om2/.-The  apparent  ongm^^  pons 
.Meh  separates  the  anterior  corpus  PJ^--^^'^^^;,^  ^^^^^^^^  lower  portion  of  the  pons 
Varolii,  and  from  the  upper  portion  °f  .^s  •  an  inferior,  which  is  the  lai^er, 

next  the  groove.  Its  origin  at  this  point  ^  r^         ^^,^^,,,,3  .anting  wh|ch 

tl.  -  -  ---  ^™ 

witli  immobility  of  the  ins.  _Di,.ect  experiments  have 

sbowo  that  tlie  motor  oouli  oil«m»» 
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producing  contraction  of  the  external  rectus  muscle  and  no  pain.  The  same  experiments 
illustrate  the  function  of  the  nerve,  inasmuch  as  its  irritation  is  followed  by  powerful 
contraction  of  the  muscle  and  deviation  of  the  eye  outward.  Dimioii  of  the  nerve  in  the 
lower  animals  or  its  paralysis  in  the  human  subject  is  attended  with  internal,  or  con- 
verging strabismus,  due  to  the  unopposed  action  of  the  internal  rectus  muscle. 

With  regard  to  the  associated  movements  of  the  eyeball,  it  is  a  curious  fact  that  all 
of  the  muscles  of  the  eye  that  have  a  tendency  to  direct  the  pupil  inward  or  to  produce 
the  simple  movements  upward  and  downward,  viz.,  the  internal,  inferior,  and  superior 
recti,  are  animated  by  a  single  nerve,  the  motor  oculi  communis,  this  nerve  also  supijlying 
the  inferior  oblique ;  and  that  each  muscle  that  has  a  tendency  to  move  the  globe  so  as 
to  direct  the  pupil  outward,  except  the  inferior  oblique,  viz.,  the  superior  oblique  and 
the  external  rectus,  is  supplied  by  a  special  nerve.  The  various  movements  of  the  eyeball 
will  be  studied  more  minutely  in  connection  with  the  physiology  of  vision.  • 

Motor  JVerves  of  the  Face. 

The  motor  nerves  of  the  face  are,  the  small,  or  motor  root  of  the  fifth,  and  the  portio 
dura  of  the  seventh,  or  the  facial.  The  first  of  these  nerves  is  distributed  to  the  deep 
muscles,  those  concerned  in  the  act  of  mastication ;  and  the  second,  the  facial,  supplies 
the  superficial  muscles  of  the  face  and  is  sometimes  called  the  nerve  of  expression. 
These  nerves  are  not  so  simple  in  their  anatomy  and  physiology  as  the  motor  nerves  ot 
the  eyeball.  The  nerve  of  mastication,  at  its  origin,  is  deeply  situated  at  the  base  of  the 
brain  and  is  exposed  and  operated  upon  with  diflSculty.  It  passes  out  of  the  cranium, 
closely  united  with  one  of  the  great  sensitive  branches  of  the  fifth,  and  its  distribution 
has  been  most  successfully  studied  by  experiments  in  which  it  is  divided  in  the  cranial 
cavity.  The  origin  of  the  facial  is  also  reached  with  gi-eat  difficulty.  It  communicates 
with  other  nerves,  and  its  physiology  has  been  most  satisfactorily  studied  by  dividing  it 
at  Its  origin  or  in  different  portions  of  its  course.  In  treating  of  these  nerves,  we  shall 
first,  as  in  the  case  of  the  motor  nerves  of  the  eye,  study  their  properties  at  their  roots 
noting  the  phenomena  following  their  galvanization  and  section.  It  will  be  neces- 
sary, also,  to  describe  their  origin  and  distribution,  as  far  as  has  been  ascertained  by 
dissection. 

Nerve  of  Mastication  {the  Small,  or  Motor  Boot  of  the  Fifth  Mrve). 

The  motor  root  of  the  fifth  nerve  is  entirely  distinct  from  its  sensitive  portion,  until 
It  emerges  from  the  cranial  cavity  by  the  foramen  ovale.  It  is  then  closely  united  with 
the  inferior  maxiUary  branch  of  the  large  root ;  but  at  its  origin  it  has  been  shown  to  be 
motor,  and  its  section  in  the  cranial  ca^ity  has  demonstrated  its  distribution  to  a  par- 
ticular set  of  muscles.  '■ 

Physiological  Anatomy  oftTie  Nerve  of  Mastication.-The  apparent  origin  of  the  fifth 
nerve  is  from  the  lateral  portion  of  the  pons  Varolii.    The  small,  or  motor  root  arises 
cm  a  point  a  little  higher  and  nearer  the  median  line  than  the  large  root,  from  which 
t  IS  separated  by  a  few  fibres  of  the  white  substance  of  the  pons.    At  the  point  of 
apparent  origin,  the  small  root  presents  from  six  to  eight  rounded  filaments.    If  a  thin 

tZl           fT  ^-"^t^  ^'iU  be  found  pene- 

Z!l^      '^^^f       b««o°ii°g  fl'ittened,  passing  under  the  superior  peduncles  of  the 

T-                 *°  °^  '^"^           ventricle.    At  this  point  they 
1             r    ■Ti!'"^;  ^'''r  ^ ^'^^''^•■•^  '^^^^  fr""^  ^^^""'i  f°rward  toward 

Ind  ^    n     7;        r  ""^'"^  '■'P^'^'^'-  ^"^'-'^  P^««  t°  the  median  line 

and  certain  of  them  decussate  with  the  fibres  from  the  opposite  side.    The  ante  S 
fib  es  pass  toward  the  aqueduct  of  Sylvius  and  are  lost.    The  fibres  become  cUnZ 
their  character  when  they  are  followed  inward  beyond  the  anterior  wall  o    he  four  h 
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vontncle.   Here  they  lose  their  white  color,  hecoxne  gray,  and  present  numerous  globules 

of  gray  substance  ^''-^^^fj^^^.f^^.n  root  passes  beneath  the  ganglion  of  Gasser 

From  the  origin  above  dcscnbed,  '^  "^'^^''^^^  ,  ^l.^ent  of  comniunication- 

-fromxvlf.ch  it  sometimes,  though  not  con.tan^^^^^^^^^^  ^^^^  ^^^^.^^ 

lies  behind  the  inferior  ^  are  distinct;  but,  after 

fi^T/'*\t'rthfm°oL""^^^^^  possesses  little  physiological  interest.    It  is 

Ihe  'to  note  that  the  inferior  maxillary  nerve,  made  np  ol  the 

hran..  of  the  sensitive  root.  Just  after  it  passes  out 


jw^  1,9  -DMUion  oftkc  small  root  of^^^Jf'^'^'Zor^^^  "--^  irnnck; 
hranclies  anastomoHtn-a /  ll  midclU  deep  ^«'»Jl"r"l,?"  ,S  uerve  ;  12,  lingual  brand.; 
J„««nlfir— WH-^  t.e.  «.ci,a  neve. 

the  foramen  ovale,  divides  into  "che^^^^^^^^  ^r  C!:;;:  a^VS 
branch,  which  is  the  smaller,  is  f^^P^f^l*^^"^";*  ^'"'^i^ehes.  The  first  of  these  passes 
uted  to  the  muscles  of  mastication.  It  g;^  ;!^*;;^^  occasionally  giving  off  a  sm.dl 
to  be  distributed  to  the  masseter  mus  le,  m  its  „f       inferior  maxdla 

branch  to  the  temporal  muscle  and    A^''^";      ^^^^^^^^  are  distributed  to  the  tem- 

with  the  temporal  bone.    The  two  '^^^  ^^^.^he  eLrnal  pterygo^ 
poral  muscle.   The  buccal  branch  «f  f  .f ^7,'^^*'*°  ''erual  pterygoid  muscle.    From  be 
poral  muscle,  and  a  small  branch  is  a.str.buted  o  f^^^^^^^^  ^or  filaments,  branches 
posterior  branch,  which  is  chiefly  sens.t.vc  but  contains 


NEEVE  OF  MASTICATION, 
are  sent  to  the  mylo-hyoid  muscle  and  to  the  anterior  belly  of  the  diVastrio    In  o  1 1  v 

==?HSSHE  r" ^^^^^^ 

tic^::::^:^:^^'::^:^^::^  -  ^-7^-  v^^^^e  of  the  .usdes  of  .as. 

the  foUowing  muscles  depre^  t  e  W^^^^^^  ''^^^  that 

mylo-hyoid,'the  .-iolrd;aad  t  7i^^^^^^  ^^^^ 
mylo-hyoid  are  animated  by  the  motor  S  oi  the  fifth  '^'''^ '^'."^^Sastnc  and  the 

filaments  from  the  sublina-ual  •  and  tL  nil.  ,  "^"PP^'^^  by 

andfron.  the  cerdcal  Ss  of\t  T  "^'f?'  branches  from  the  facial 
it  laterally  and  anterSros terior  t  vl    T  t  '^'"''^  ^^"^  ^^^^  '^o-e 

external  pterygoids    I^'  e  Lra^  T""'"'  ^"^^  ^'^'^  ^"^'^-'-^l 

by  the  mil-  root  of  the  fifth  '""'^'^''^^'^      mastication)  are  animated 

Projjerties  and  Functions  of  the  JVene  of  MastiraHn,,     ti,        <-     ■    ^  . 
of  the  small  root  of  the  fifth  nerve  points  at  onoefTr       ^^^f^i'^^l  distribution 
ideas  of  the  nerves  were  derived  almost  e^tifelv  frol  ,  T 

of  mastication,  in  1821  althouS  h7dl        1^  ^*  ^^^^  °er^<^ 

regard  to  its  function.  '  A  1  analm'crand  1     "7  experiments  were  made  with 

adopted  this  view.    It  would  be  drffici  if  n^^^^^   ^'^^^  '''''' 
cranial  cavity  in  a  living  animal    Wii  L      ^T'"'^'''      ^"'"^'^'^^        ^'""t  the 
very  marked  movement!  of  the  C  r  T  ?  T"^'^  j*^^*  ^^"^^'^  ^^^----^ 

physiological  properties  of  the  smaH  r^ot  whi..  ?  '  •'^l'    '         '^'""''^  demonstrated  the 
The  obserlat  ons  upon  the  lv  Z  o^^f  f  f.^        -'^      '''''^  '  ^^'"^^  «f  --"on. 
interesting  in  connectL  !ith  t^e  flei  T'^'l  ^^^^^^  ^^^'^ 

referred  to  in  detail  in  treating  of  the  prperls  of  T  '""^  ''^ 

the  loss  of  sensibility  following  Ltion  of 'the  e" 
tire  nerve,  Bernard  has  carefully  noted  the  effects 
of  division  of  the  small  root,  which  cannot  be 
avoided  m  the  operation.    In  rabbits,  the  paraly- 
is  of  the  muscles  of  mastication  upon  one  side, 
i  Z  J  \  ^"'i^equent  action  of  the  muscles  upon  the 
.  unaffeeted  side  only,  produce,  a  few  days  after 
,  lnce°or?,     '  '  '■^°^^'-'^-^bl«  '^^^Se  in  the  appear- 
mZ^         """"T  the  teeth  in  these 

aTr  '  '7  ^T'^"'"^  "^^^^  .nastication 

the  action  of  the  muscles  of  the  sound  side  the  . 
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muscles  of  the  velum  V-y^f-  J^^^'^^^^^ 

involved.  This  act  cnnno       -  '  ;  .^lum  puluti,  mu^clcB  are  brought  into 

When  the  food  is  brought  lu  ^'"''t'^'';^^;;''  J  .  ^  ^^^^  J  ^  '  adapted  to  the  size  of 
action  which  rend.-  ^^^^^s^^^^^^^  vootlf  the  Mth.  Thi. 

the  alimentary  ^«  ^^'^..tlcat      animating  all  of  the  nmscles  concerned 

nerve,  then,  is  not        f  ^^^^^^^^^^^  'depressors  of  the  lo.-er  jaw  (the  gen.o- 

it     concerned  indirectly  in  deglutition. 

Mdal  mr.e,  or  Mr^e  of  Mpression  itUe  Portio  Dura  of  tke  Se.entk 

Nerve). 

.0.,, .o.«o  ^7,:::— rc^-=.— ^^^^^^ 

b„.     it,  course  it  p.-ese»t,  ' "wiST  0,^  fil.n.ent,.    While  the  cbief 

and  with  the  cer,i.al  "t  ^S^.^^^^^      "P0»  " 

^  .7    ?;'«.,-«Z  Nerve  -The  portio  dura  of  the  seventh  has  its 
Physiological  Anatomy  of  the  ^'^^'^^f  f  "f-^^^^ll^  oblongata,  in  the  groove  between 
apparent  origin  from  the  lateral  1^*!*^^  it      of  the  pons  Varolii,  its  trunk 

Z  olivary  and  the  restiform  body,  ju  t  bebw  the  boid  j         ^^^^^^^^^  ^^.^^ 

being  internal  to  the  trunk  of  the  ^''^''^''^.^'^'X^^  as  the  intermediary  nerve 

the  auditory  by  the  two  filaments  co-titutmg  what  i^k  ^^^^^  .^.^^ 
of  Wrisberg,  or  the  portio  inter  duram  et  mollem. 

it  must  be  included  in  its  root  ^.jiich  render  the  deep,  or  real  origin  of  ^ 

There  are  certain  pathological  c°7^^;;*^°f  J  "^'^.^ee.  In  hemiplegia  due  to  injury 

the  facial  a  question  of  the  greatest  -  --^-^/^^^^^  there  is  almost  always 

of  the  substance  of  the  encephalon,  P^^t^cn  ariy  ^^^^  ^^^^^.^^^^  ^^^^^ 

more  or  less  paralysis  of  the  ^-V^^-^<^'^\^^f^\^l  ^^fs  de  as  the  hemiplegia  (the  side 
in  certain  cases,  the  facial  P-f  f-f^^  ^  IZ  of  the  face  is  upon  the  same  side 
opposite  to  the  cerebral  lesion  ,  ^^/^ ^^sual  upon  the  opposite  side.  To  explain 
as  the  lesion,  the  ^^-^^'-''^'^''^''^l^^^^^  in  some  cases,  the  brain-lesion  is  to 

these  phenomena  theoretically,  we  °^^«t  ass^e  Jha  ,  ^^^.^^ 
be  located  at  a  point  where  i 

them  from  without  ^^iward)  before  they  decussate^  ^^^^  ^^^^ 

npon  the  same  side  as  the  lesion  an^  -ne  upon  he^i  ^^^^^  ^^^.^^  . 

while,  in  other  cases,  the  ^"J^  J^.^^^^^^^^^^^^ 

have  decussated,  when  the  paralysis  °^  the  face  worn        P  ^^^^^^  V^^^^^^  ^^ 

sis  of  the  rest  of  the  body    ^t  won  d  be  xnteresta  ^^^^^^.^^^ 
facts,  with  their  theoretical  explanation,  coriespon 

real  origin  of  the  nerves.  ^  ^-^^  focial  from  their  point  oi 

Many  anatomists  have  -d-vored  o  trace^^^^^^^  ^.^^^  ^^^^^^^^ 

emergence  from  the  encephalon  to  ,g,eed  that  the  fibres  pass  in.  rd 

fnotorv     At  the  present  day,  it  is  pietty  general      b  ^^^^^.j,  ventricle, 

r  one  or  two'deviations  from  a  ^t-^^^  -"j^i.^fl  r  of  the  fourth  ventricle,  oer- 
where  they  spread  out  and  become  ^f^^^;^  J^*^^^^^^^^  of  the  gray  -l-ta"ce  and 
tain  of  the  fibres  have  been  thought  to  teiminato  n      ^^^^^^^^^  _       ^^^^^^^     „,,3t  of 

others  have  been  traced  to  tl^^-^^-^^^;  J^J^'eliished. 
the  fibres,  however,  has  never  been  satistactoi  uy 
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It  13  evident,  from  physiological  experiments,  that  the  decussation  of  the  fibres  in  the 
floor  of  the  fourth  ventricle  itself  is  not  very  important.  Vulpian  lias  made  in  doRs  and 
rabbits,  a  longitudinal  section  in  the  middle  line  of  the  ventricle,  which  Vvoul'd  necessarily 
have  divided  the  fibres  passing  from  one  side  to  the  other,  without  producing  notable 
paralysis  of  the  facial  nerves  upon  either  side.  This  single  fact  is  suflicient  to  show  that 
the  main  decussation  of  the  fibres  animating  the  muscles  of  the  face  takes  place  if  at  all 
at  some  other  point.  '  ' 

The  pathological  facts  bearing  upon  the  question  of  decussation  of  the  filaments  of 
origin  of  tlie  facial  have  long  been  recognized.  They  are,  in  brief,  as  follows-  When 
there  is  a  lesion  of  the  brain-substance  anterior  to  the  pons  Varolii,  the  phenomena  due 
to  paralysis  of  the  facial  are  observed  upon  the  same  side  as  the  hemiplegia,  opposite  the 
side  of  injury  to  the  brain.    When  the  lesion  is  either  in  the  pons  or  below  it,  the  face  is 


arohi.    It  ,s  unnecessary  to  enter  into  a  farther  discussion  of  tLse  Lis,  wllrch  are 
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the  parts.  .     •  the  facial  have  been  traced  to  the  floor 

As  we  have  just  seen  the  fibies         k  ^^.^  The  question  now 

of  the  fourth  ventricle  where  a  few      u^at    h^^  ^^^^^^^^^  ^^^^^^  asthe  patho- 

is,  whether  or  not  the  f  ^''^^  Pf^      \„Scate.    Anatomical  researches  upon  th,s  pon.t 
lo'gieal  i^«ts  just  not^l  ^^'^11^'^^'^^^^,^^^ 

are  entirely  -n^'^t'.^*"^^^^^  ^^altbser  at  nevertheless,  remain;  and,  however  mdefi- 
demonstrated.    The  P^f^^^^  f  o^^^^^^^^^  can  be  no  doubt  that  lesions  m  one-hal 

intermediary  nerve  of  Wnsberg  pa  s  togetheyn  ^^^^^      aqua^ductus  Fallopn, 

bottom  of  the  meatus,  the  acial  and  the  ,  l^one.    In  the  aqueduc  , 

following  its  course  through  V^l^^l^'^^^^^  enlargement,  of  a  reddish  color,  wh.ch 
the  nerve  of  Wrisberg  presents  a  e  gang^iotm  ^  ^^^^  intermediary  nerve  then 
^IL'Sd tr  r^r::^  which  emerges  from  the  cramal  cav.ty 

1.  The  large  petrosal  biancn  is  k>v 

to  Meckel's  ganglion.  ^    ganglioform  enlargement  or  a  very 

2.  The  small  petrosal  branch  .s  E^-<^^:^«^1 
short  distance  beyond  it,  and  passes  oUc  gang 

3.  A  small  branch,  the  tympan.c,  is  interest,  passes  through  the 

4.  The  chorda  .tympani,  a  ^^'l^^^^^     ,f'^f,itLTch  of  the  inferior  maxUlary  division 

cavity  of  the  tympanum  ^^^^^^to  pt^yy^d  li^       with  which  nerve  it  becomes 
of  the  fifth  as  it  passes  between  the  two  pie  yi,  ^ 

closely  united.       .  ,     •  •    „f  the  chorda  tympani,  a  communicating  branca 

inosculation.  ^  ,         -^^n  of  in  the  aquaeductus  rallopu.    The  tol- 

to  the  integument.    The  i^euoi,  ^       fj-^ntalis  muscle  and  to  the  ui  t 

aistridt'the  posterior  ^elly  of  the  digast^^^^^  .uscle.^^^^  ^^^^^^  .nas- 
with  filaments  from       S^^^/^X  ^  and  to  the  ^ty^o-hyoKl  nm^  e. 

'       tomosis,  filaments  are  g>^«^  /,^all  branch  is  given  off,  which 

4.  "Near  the  stylo-mastoid  foi  amen,  a 

1  ■  •    w  tr^  tTie  stvlo-hyoid  muscle.  .  ,    I  o^o  it  a  long  and  exceeo 

exclusively  to  tne  siyio  11  J"  or  sometimes  a  litt'e  auoN<.  , 

5.  Near  the  stylo-mastoid  foramen,  o. 
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ingly  delicate  branch  is  given  off,  which  is  not  noticed  in  most  works  on  anatomy  It  is 
descnbed,  however,  by  Ilirschfeld,  under  the  name  of  the  lingual  branch  It"  passes 
behmd  the  stylo-pharyngeal  muscle,  and  then  by  the  sides  o/  tlie  pharynx  to  the  base 
ot  the  tongue.  In  its  course,  it  receives  one  or  two  branches  from  the  glosso-pharyngeal 
nerve,  which  are  nearly  as  large  as  the  original  branch  from  the  facial.  As  it  passes  to 
the  base  of  the  tongue,  it  anastomoses  again  by  numerous  filaments  with  the  glosso- 
pharyngea  .  It  then  sends  filaments  of  distribution  to  the  mucous  membrane,  and  finally 
passes  to  the  stylo-glossus  and  the  palato-glossus  muscle. 

Having  given  off  these  branches,  the  trunk  of  the  facial  passes  through  the  parotid 
glaud,  dividing  into  its  two  great  terminal  branches  : 

1  The  temporo-facial  branch,  the  larger,  passes  upward  and  forward  to  be  distrib- 
uted to  he  superficial  muscles  of  the  upper  part  of  the  face ;  viz.,  the  attrahens  aurem, 
the  frontal  portion  of  the  occipito-frontalis,  the  obicularis  palpebrarum,  corrugator  super^ 
dii  pyramidahs  nasi,  levator  labii  superioris,  levator  labii  superioris  ala^que  nasi,  the 
dilators  and  compressors  of  the  nose,  part  of  the  buccinator,  the  levator  anguli  oris  and 
the  zygomatic  muscles.    In  its  course,  it  receives  branches  of  communication  from  the 

rani  of  tT'"  "^^"^"-^  J'--        -it^  tempora 

branch  of  the  snperior  maxillary  and  with  branches  of  the  ophthalmic.    In  its  course  it 

thus  becomes  a  mixed  nerve  and  is  distributed  in  part  to  integument  ' 
2.  The  cervico-facial  nerve  passes  downward  and  forward  to  supply  the  buccinator 

.  also,  outside  of  the  cranium,  with  the  Is  ola^LZ     T.^'^""'-  " 

■  ^^^rrr  r  s  Tri  -^-^^-^^^^^  s  t^r 

.  sen -rni:      h  ft'^e^tr  ^^^^  ^-t 

The  muscles  supplied  by  the   a  ll  aS  I  t                         '°  ^^t^S^™-*- 
:  Pani,  of  the  internaf ear,  tW  mu  c  s  o^the  exte  n^^^^^^^^^  if  ^'"'""^  '''' 

:  terior  belly  of  the  digastric        Znh    %  ll                  «««^Pito-fronta]is,  the  pos- 

IThe  two  great  brancfe   of 'd's  ribut io^^^  ''''':''T'' palato-glossus. 

:  distributed  to  all  of  the  superfictl  mtsc L  o^^  cervico-facial,  are 

.muscles  of  mastication  to  be  ZnZi      J  <^^^P  '""«°'es,  or  the 

-applies  in  part  the  pTa'tysma  m^^^^^    '  '""^ 

Properties  and  Functions  of  the  Facial  Nerr,P    Tt  1,0  i  i 
tacial  is  the  motor  nerve  of  the  sunprfipT„7  ^"'f 1°°^  ^^en  recognized  that  the 
duces  paralvsis  of  n,.. i.:  IZ         ~  °t       f'^<=«.  and  that  its  division  pro- 

^fromthenuLrousrmmunillrtt^f^^^^^^^  T'^'^^--       -  evident,  also, 

=in  its  course  sensitive  fib^s     iXd  .  I    1,    "  ^''""^^"^ 
that  it  is  slightiv  sensitive  iter  it  h    '  .         ^P''^*''^  "P°°  I'^^e  found 

however  oflrLTZ  t  V  ^'^^''^^^  ^'""^  ^''anial  cavitv.  It  is  a  question 
-ihiri;VV;L~^^^^^  --^e  facial  he  endow^S 

n^otor  tract,  resembles  the  anterior  roots  TfT'        1  """'^  ''""'^      '^'^^""^  f™'" 
«le3;  but  this  is  ioined  by  ttri.t/    ?•  'P'""'  distributed  to  mus- 

o^Iargement,  unVoubtlly^tt  SrnZ  ^  ""^'f"^^'  "^"^^^  ^^^^^^  ^  -all 

°Pon  the  posterior  roots  of  the  spinaLe^s       '  ^-^^""^ 
■root  Observations  upon  the  properties  of  the  facial  as  it  penetrates  the  auditory 
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■    ■■       nnnHtomosinL'  branches  from  senBitivo  nerves,  must 
canal,  and  before  it  has  received  anj  a.m  to,„o,      ^  u.e  nerven  know 

betoa  certain  extent  unsnt.stactoiy.    ivi  operation  a«  that  oi  exposing 

that  the  pain  and  depression  ^^^^'fj^'f^^^^  to  render  it  doubtful  whether  the 

the  roots  of  a  nerve  in  the  ^^^ilTZh  degree  of  sensibility,  .'hich  the  nerves  may 
parts  bo  in  a  condition  to  '^^f^^^  X  and  Bernard,  who  have  exposed  the  roots  ol 
possess  when  perfectly  ^  Jiliftblt  they  are  absolutely  insensible ;  but  Longot 

Origin  of  the  facial,  s  ate  7^^;^^^^^^^^^  f,,,ieh  such  observations  are  made  have 

vi^rv  iustly  remarks  that  the  conditions  unQei  rigorous  conclusion  upon  this 

Tot  hern  in  his  hands,  sufficiently  ^'^^^'^^^^^  j°  f     ,°  f^.^fof  the  insensibihty  of  tl,e 
To  nt    The  testimony  of  dii„^^^^^^^^ 

Lial  at  its  origin.    It  is  true  ^^^.f    J^^™,  J      virtue  of  its  ganglioform  enlarge- 
tomicul  resemblance  to  the  ^^^'fJ^^^^^X^^^  tliat  it  is  actually  sensitive.    In  view 
nient ;  but  direct  experiments  ^'l^^'^^lMj  from  its  anatomical  characters  alone, 
of  this  fact,  it  is  impossible     ---.^^^trfl'tions  of  the  facial  will  be  to  take  up 

The  most  convement  way  to  considei  ^     ^  branches. 
serLiM  the  properties  and  ^^^'^^^Zlf^Zm^^    Aqueduct  of  Fallopins.-T^e  first 
Functions  of  the  Branches  of  the  f  ganglion.    This  will  be  referred 

branch,  the  large  petrosal,  is  the  ^^^^^^  ^fsy  t!^^  The  second  branch,  the  small  petro- 
to  again  in  connection  with  *e  sympathetic  system  third  branch 

al  fs  one  of  the  motor  roots  of  .^^^S Z^^^^^^^  The  second  and  third 

th;  tympanic,  is  distributed  ^-^^^'l^^^^^^^^^  the  physiology  of  the  mtei-nal  ear. 
branches  will  be  again  considered  '^'^^'^'f^^  ,^^,  that  it  demands  special  consid- 
The  fourth  branch,  the  choi^a  tympam,  J«  the  chorda  tympam  and 

gory  connections  of  the  faciaL  _  \,etv^een  the  bones  of  the  ear 

^Functions  of  the  Chorda  ^-i;^-;,^^^;^^^^  of  the  inferior  maxillary  division 

and  through  the  tympanic  cavity  to  the  ^^^^^  joins  at  an  acute  angle 

between  the  pterygoid  muscles.  It  has 
been  a  question  whether  this  nerve  be 
sfmply  enclosed  in  the  sheath  of  the  hngual 
brTcl  of  the  fifth  or  be  so  closely  con- 
Sedwith  it  that  it  cannot  be  traced  to 
a  d  tinit  distribution.  Upon  this  point 
we  are  disposed  to  adopt  the  opinion  f 
sLey  who,  as  the  result  of  minute  d  s- 

:nrerdatympaniitisim^^^^^^^^^^ 
determine   anatomically  ^^^^^ 
come  from  the  -^^^^^^^J^ZT^^ 
...  .o..-«— -^^^^^^^  Xsl'^orale  closely  united  before  the 

-'^^rXB^A^  ^  lorda  tympani  is  given  o^  ^ 
^  V«1?T  ^V^.^^«»       '''''  ^"^^r'^eSi  il^te^  to  the 

branches  of  tUe  facal,  W,  H,  1  .  S  ^^^^.^^^^  in  thlS  CO"^;;;"'      ^^^^  .ecrotiOB 

,  „«  a  nerve  of  gustation,  and  as  it  influences 
functions  of  the  chorda  tympani  as  a  nerve  tvmpani  upon  the 

of  the  submaxillary  gland.  ^^.^eo  of  the  chorda  tympam  up 

There  can  be  no  doubt  with  rogaid  to 
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sense  of  tasto  in  the  anterior  portion  of  the  tongue.  Without  citing  all  of  tlie  experi- 
ments and  patliological  observations  bearing  upon  this  question,  it  i.s  sufficient  to  state 
that,  in  cases  of  disease  or  injury  in  whicli  the  root  of  the  facial  is  involved  so  that  the 
chorda  t}^npani  is  paralyzed,  in  addition  to  the  ordinary  phenomena  of  paralysis  of  the 
superficial  muscles  of  the  face,  there  is  loss  of  taste  in  the  anterior  portion  of  the  tongue 
upon  the  side  corresponding  to  the  lesion.  Numerous  cases  of  this  kind  are  quoted  in 
works  on  physiology,  which  will  be  referred  to  more  fully  in  connection  with  the  subject 
of  gustation. 

In  1863,  we  had  under  observation,  for  several  months,  a  soldier  who  received  a  gun- 
shot-wound, the  ball  passing  through  the  head,  entering  just  above  the  ala  of  the  nose  upon 
the  left  side  and  emerging  behind  the  mastoid  process  of  the  right  temporal  bone  The 
wound  was  nearly  healed  while  he  was  under  observation,  and  the  usual  symptoms  of 
complete  facial  paralysis  were  manifested  upon  the  right  side.  The  buccinator  and  the 
orbicularis  oculi  were  completely  paralyzed.  Vision  in  the  right  eye  was  slightly  im- 
paired, but  was  improving.  The  hearing  was  perfect,  and  there  were  no  abnormal  phe- 
nomena except  those  apparently  due  to  injury  of  the  facial.  The  sense  of  taste  was 
entirely  abohshed  in  the  anterior  portion  of  the  tongue  upon  the  right  side.  Experiments 
upon  this  point  were  repeatedly  made  with  salt,  pepper,  and  othej-  sapid  substances.  This 
patient  was  exhibited  in  two  successive  years  to  the  class  at  the  Bellevue  Hospital  Medi- 
cal College,  when  the  above-mentioned  facts  were  demonstrated. 

Physiologists  have  observed  loss  of  taste  in  the  anterior  portion  of  the  tongue  in 
dogs,  cats,  and  other  animals,  following  section  of  the  root  of  the  facial  or  of  the  chorda 
tympam.  Some  observers,  it  is  true,  have  faUed  to  note  the  phenomena  satisfactorily 
and  there  is  some  diiTerence  of  opinion  with  regard  to  the  real  origin  of  the  gustator^ 
filaments ;  but  the  fact  that  the  chorda  tympani  influences  the  taste  can  hardly  be  doubted 
Adopting  this  view,  we  shall  defer  the  full  consideration  of  the  functions  of  the  chorda 
tympani  until  we  come  to  treat  of  the  special  sense  of  taste 

.Jf^'     i^"'  ^''^  °f       «J'°rda  tympani  upon  the 

secretion  of  the  submaxillary  gland.  In  his  experiments,  the  chorda  tympanfwas 
Z  f '  ^Tf  ''''  ^-^bmaxillary  saliva  noted.    Upon  division  of  the  cholda 

ympam,  the  flow  of  saliva  was  momentarily  increased,  but  was  soon  arrested    and  sub 
equently,  stimulation  of  the  gustatory  sense  failed  to  induce  secretion,  asTdoerwhen 
the  nerve  is  mtact.    Simi  ar  experiments,  upon  a  much  more  extended  scale,  Zl  made 
by  Bernard,  in  the  following  way :  ' 

The  duct  of  the  submaxillary  gland  was  exposed  in  a  dog,  and  into  it  was  fixed  a 
sdver  cauula.    The  nervous  filaments  going  to  the  gland  from  he  lingual  branch  of  the 
th  were  then  isolated.    A  little  vinegar  introduced  into  the  mouth  cans  d  an  Ind^n 
flow  of  saliva  from  the  tube.    The  chorda  tympani  was  then  divided  by  iZodZTl 

Fm  n  H  °f  ^'^^g'-^^  ^onth  failed  to  excite  the  salivary  secretion 

riom  this  and  similar  experiments,  Bernard  concludes  that  the  chorda  tympani  is  the 

nuim  arrested  the  secretion,  both  of  the  parotid  and  submaxillary. 

its  n..  conclusively  that  the  facial,  either  through  branches  from 
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1       <■  n,.,.nr  unless  the  nerve  be  aUccted  at  ita 
the  opposHe  side ;  but  these  ph—a  do ^to^      ^■■^^^^     ^.  , 
root  or  within  the  aqumductus  ^  "^P;  j^^  with  facial  paralysis,  but  it  is  none  the  less 
one  side  or  the  other  T^'  ir^ 

certain  that  it  is  deviated  as  ^  Uave  not  been  followed  by  un,forrn 

Direct  experiments  npon  the  ^^o*^  ^.^^^  galvanization  of  the  facial  with  n 

results.  Debrou  mentions  one  -IJ^-^^  ^  ™  ,lf,  muscles  of  the  palate ;  but,  m 
the  cranial  cavity  produced  dec  ded  contiac  ^^^^^^^^  contractions  of  these 

four  others,  the  results  f  S^*^^;;.  ^jl^'el-anium  in  a  man  immediately  after  decap.- 
Luscles  by  galvanization  " V^tS  upon  t^;^^  are  the  most  conclusive  ;  but  wh  e 
tation    The  experiments  of  Bernard  upon  '^"^^  movements  of  the  soft  palate, 

C^how,  beyo'nd  a  doubt,  that  the  ^^^^^^^^Z..  to  the  muscles.  In  these 
they  do  not  indicate  the  course  of  ^^7'^;'  the  .vhole  of  the  velum  palati  was 
experiments,  made  in  connection  with  M-  ^^^J^  J'^^^  ^  tone.  The  trunk  of  the 
exUsed  in  a  large-sized  dog,  by  *  "  near  its  point  of  emergence  a 

Ssso-phavyngeal  nerve  was  then  exposed  m  ^^^^'^^/^  ..^tion  of  the  spinal  cord 
f^e  po  teriov  foramen  lacerum,  and  ^l^^^ -""^ //^-^fdone!  the  glosso-pharyngeal  was 
Tst  below  the  origin  of  the  cranial  nerves.  J  the  pillars  of  the  fauces, 

iv anized,  which  produced  violent  -tract.ns^t  1.^^  ^^^.^^^^^ 
and  a  part  of  the  pharynx,  upon  one  ide    ^''^  movement  in  the  velum.  The 

Z  applied  to  its  peripheral  end  ^^f^^'^l'^^^Zt^Z  were  as  vigorous  as  when  he 
Tntral  end  was  then  galvanized,  when     e  contx  a         ^^.^^  ^^^^  contractions  of  the 

nerve  was  intact.  This  result  ^  J^.f^^^/^Vglosso-pharyngeal  are  reflex  and  not 
nmscles  of  the  palate  following  g-^J^^.f;,^ tion  fi' m  this  nerve.  In  a  second  exper. 
due  fo  the  direct  action  of  filaments  of  d^^t^^^^^J^^-^  .^aition,  the  facial  was  divided 
ten  the  parts  were  exposed  in  ^^"^^ --^Jj^.^'^'iory  canal.  The  glosso-pliaio-^ 
noon  the  right  side  at  its  entrance  into  t^^^/;*;'^";.^,^  facial  had  been  divided,  with  . 
g Smtve  was  then  galvanized  upon  ^J^f  -  ^J",?!  fauces,  but  not  of  the  velum 
Se  effect  of  producing  ^^'her^alvanized  upon  the  side  on  which  thj. 

■""T.V  second  «p3,io>e„.  proves        the  '^^Y/^^ft—a 

„^.e_  . .e  ^^^^^^ 

explained  by  the  presence  of  a  filamen  ^  ^^^^  ^^^^^ 

the  tongue.  experiments  of  Bernard  do  not  m 

As  we  before  remarked,        exp  ^^^^^^  p^^^te.   Longe  „ 

communication  between  the  f  cial  ^nd  th   ^^^^^^^^  r^^lTiuscl  s  through 

filaments  of  the  facial  ^^^^-^^^^^^f  "^'^^^^.^  of  the  nerve,  passing  to  ^ll'  J^]^^^^^  being 
derived  from  the  l^^-g^.r*^"^.^  tTe  palato-glossus  and  the  P^l-  -l^^^L"  branch 
Meckel's  ganglion,  the  ^^^^^^  J:/;;t^originally  coming  from  an  ^omo 
given  off  from  the  ^losso-V^^'Z^'^o^  communication  f-^/^ljf];,  ...ci,.,  of. 
of  the  facial.  As  regards  ^^^f  5^^,,  in  the  museum  of  ^^J^-^^  palato-glossuB 
Longet  mentions  a  P-paration  by  Eicbe  ,  ^^^^^  ,„.,,tly  to  the  pala 

Paris,  in  which  branches  of  the  laciai  ui 
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and  the  palato-pharyngeus,  without  any  connection  with  the  glosso-pliaryngeal  nerve. 
In  our  anatomical  description  of  tho  brandies  of  the  facial,  wo  have  already  noted  a 
filament,  described  by  Ilirschfeld,  which  passes  to  tho  stylo-glossus  and  palato-glossus 
muscles.    This  is  the  filament  affected  in  deviation  of  the  point  of  the  tongue. 

In  view  of  tho  pathological  examples  of  paralysis  of  the  palate  and  uvula  in  certain 
cases  of  facial  palsy,  the  frequent  occurrence  of  contractions  of  the  muscles  of  these 
parts  upon  galvanization  of  the  facial,  and  the  reflex  action  througli  the  glosso-pharyn- 
geal  and  the  facial,  there  can  be  little  doubt  that  the  muscles  of  the  palate  and  uvula  are 
animated  by  filaments  derived  from  the  seventh  nerve.  The  effects  of  paralysis  of  these 
muscles  are  manifested  by  more  or  less  difficulty  in  deglutition  and  in  the  pronunciation 
of  certain  words,  with  great  difficulty  in  the  expulsion  of  mucus  collected  in  the  back- 
part  of  the  month  and  the  pharynx. 

Functions  of  the  Exteo-nal  Branches  of  the  Facial— The  general  function  of  the 
branches  of  the  facial  going  to  the  superficial  muscles  of  the  face  is  sufficiently  evident, 
in  view  of  our  present  knowledge  of  the  distribution  of  these  branches  and  the  general 
properties  of  the  nerve.  Throughout  the  writings  of  Sir  Chai-les  Bell,  the  facial  is 
spoken  of  as  the  "respiratory  nerve  of  the  face."  It  is  now  recognized  as  the  nerve 
which  presides  over  the  movements  of  the  superficial  muscles  of  the  face,  not  includino- 
those  directly  concerned  in  the  act  of  mastication.  This  bemg  its  general  function,  it  is 
easy  to  assign  to  each  of  what  may  be  termed  the  external  branches  of  the  facial  its 
particular  office. 

Just  after  the  facial  nerve  has  passed  out  at  the  stylo-mastoid  foramen,  it  sends  to  the 
glosso-pharyngeal  the  communicating  branch,  the  functions  of  which  we  have  just  con- 
sidered in  connection  with  the  movements  of  the  palate. 

The  posterior  auricular  branch,  becoming  sensitive  by  the  addition  of  filaments  from 
the  cervical  plexus,  gives  sensibility  to  the  integument  on  the  back  part  of  the  ear  and 
over  the  occipital  portion  of  the  occipito-frontalis  muscle.  It  animates  tho  retrahens 
and  the  attoUens  aurem,  muscles  but  little  developed  in  man,  but  very  important  in  cer- 
Jahs  muscle''  1'°'*^°°  occipito-fron- 

The  branches  distributed  to  the  posterior  belly  of  the  digastric  and  to  the  stylo-hyoid 
muscle  simply  ammate  these  muscles,  one  of  the  uses  of  which  is  to  assist  in  deglutition 
The  same  may  be  said  of  the  filaments  that  go  to  the  stylo-glossus 

1  gre-it  branches  distributed  upon  the  face  after  tho  trunk  of  the  nerve  has 
E  nctfr'  1---  the  most  prominent  function.    Both  of  these 

t  ibutfin  s    17"^.  "r^'"''  connections  with  other  nerves,  and  are  dis- 

tiibuted  m  small  part  to  integument. 

The  temporo-facial  branch  animates  all  of  the  muscles  of  the  upper  part  of  the  face 

I  jTtjr^r  f        'T^''^^^^  «1-P  from 

nflatVfr  "  "'".T^^'-        '''''  °'  ^'^^  globe  of  the  eye  may 

whTcrtl^e  tZ  n  '^'"^  °f      movements  of  winking  by 

rndin  sh!  t  f.       •^f^^'^^^'io^^^  its  sm-face  and  little  foreign  particles  are  removed^ 

hl  -^tt  i      ^  s  ightly  everted.    The  frontal  portion  of  the  occipito-fron  ahs 

mostt  f"''""'  '""^  ''''  corrugator  supercilii  muscles,  are  also  paralyzed  The 

inflifpn^'''  °^  *1>''.™"«''1^«  that  dilate  the  nostrils  has  been  shown  to  have  an  important 
of  dil2^^^^^  ''T^*  ^^'"^^       synchronism  between  the  act 

Bell  to  '  "^"^'l       movements  of  inspiration  which  first  led  Sir  Charie 

h    nostrS  o  '  i"\r  '  -"^""^""^  ""-^^  «o-Pl«tc  paraly  ,s  of 

Bell^etr   L        '  fr^^'^^^^tl^ -'"^  difficulty  in  inspiiXn.    Sr  01  ^ 

refeis  to  a  case  xn  wh.ch,  when  "the  patient  lay  with  the  sound  side  a^ain  t  tl 
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,  X,  „„.if^  r>f  hnldiriLr  the  paralytic  nostril  open  with  the  fingerB, 
pillow,  he  was  under  the  ^f^'^  f^^rUt  Se  movements  of  tl>e  nostrils  are  essential  to 
in  order  to  breathe  treely  '     In  ^     ^  When  both  facial 

— - — 

inspiration,  and  death  ta^M^Jace  ,Hh  olfaction,  due  to  th- 

B  r  Charles  «f ^^^^^^^^^^  ,,,es  of  facial  paralysis.  The  influence  of  the  nerve 
inability  to  inhale  jf^^^"^^^^^^^^^  to  the  olfactory  membrane  is  sufficiently  ev- 

in  the  act  ot  convey  ng  "^"^^  the  action  of  the  facial  in  respiration, 

dent  after  what  we  ^^^^  .^^^f^i  s  3^     muscles  of  the  face  are  manifested  in 
The  effects  of  paraly  is  of  tiie  othei  ™P^'  ^^,^^1^,  ,ound 

t,e  distortion  of  tiie  t^^^^^^^^^^^  the  practical  physician.  When 

side;  a  phenomenon  whicli  's^™;'*^   /      ,     anrfe  of  the  mouth  is  drawn  to  the 

...  permanently  opened  ev. 
opposite  side,  the  eye  upo  side  a  peculiarly  expressionless  appearance, 

during  «^-l^.;-\*^,,^^rin  thiX^y  smn  attempts  to  grimace,  the  distortion  is 
When  a  patient  f  ^/;^^;;;,,iyLd  upon  one  side,  which  sometimes  causes  a  flow 
much  increased.  The  lips  '''"J^^^J  /  j  l^^e,  ^^^^^],  that  use  the  lips  in  pre- 
of  saliva  from  the  corner  of  the  f  ^ith  the  taking  of  food.  The 

hension,  paralysis  of  these        ^f^^^^^^^  sometimes  causes  a  puff- 
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"  of  the  lower  jaw.    ,  nprV^' 

of  ransBcation,  bntis  raim.Uid  ""'"'^ "'!;'f,„„„,„,i„„  of  the  food  talweM 
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(bod  between  the  teeth  by  pressure  with  the  hand.  In  the  rare  instances  in  which  both 
facial  nerves  are  paralyzed,  there  is  very  great  difficulty  in  mastication,  from  the  cause 
just  mentioned. 

The  functions  of  the  external  branches  of  the  facial  are  thus  sufficiently  simple ;  and 
it  is  only  as  its  deep  branches  affect  the  taste,  the  movements  of  deglutition,  etc.,  that  it 
is  difficult  to  ascertain  their  exact  office.  As  this  is  the  nerve  of  expression  of  the  face 
it  is  in  the  human  subject  that  the  phenomena  attending  its  paralysis  are  most  prominent' 
When  both  sides  are  affected,  the  appearance  is  most  remarkable,  the  face  being  abso- 
lutely expressionless  and  looking  as  if  it  had  been  covered  with  a  mask. 

Spinal  Accessory  and  Sublingual  Nerves. 
A  description  of  the  properties  and  functions  of  the  spinal  accessory  and  the  sublin- 
gual completes  the  physiological  history  of  the  motor  nerves  emerging  from  the  cranial 
cavity.  The  functions  of  these  nerves  are  important,  and,  in  the  case  of  the  spinal 
accessory ,  they  possess  considerable  interest,  from  the  fact  that  physiological  investigations 
have,  only  withm  a  few  years,  determined  the  significance  of  certain  of  its  anatomical 
rela  ions.  As  we  have  done  in  studying  the  other  motor  nerves,  we  shall  treat  succes- 
sively ot  their  anatomical  relations,  general  properties  and  functions. 

Spinal  Accessory  Mrve.    {Third  Division  of  the  Eighth  Werve) 
The  spinal  accessory  nerve,  from  the  remarkable  extent  of  its  origin,  its  important 
anastomoses  with  other  nerves,  and  its  curious  course  and  distribution,\a  lonreCged 
the  attention  of  anatomists  and  physiologists,  who  have  advanced  many  theor  es  wi  h 
egard  to  its  office.    We  shall  content  ourselves,  however,  with  a  simple  descTption  of 
Its  anatomy  as  It  appears  from  late  researches,  and  shall  begin  its  physiologica?  history 

Z  Tr;:^-"      ^'^^^^  -^^-^  ^^--d^oi  po  live  I'Zi 

Physiological  Anatomy  of  the  Spinal  Accessory .-T},,  origin  of  this  nerve  is  very  exten 

'hereje,  JrLi,:i:\::t;i"ir 
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n^u      filnmpnts  however,  are  not  constant.    It  freciuenlly, 
upper  two  cervical  nerves.    Ihese  «  —  'J  "^^^  ,,,g,ion,  or  the  ,un«iion  of 

though  not  constantly,  sends  a       J  ^^^^       ,,y  the  jugular  foramen,  >t  sends  a 

the  root  of  the  pueuniogastnc  ^i,ieh  nerve  it  also  receives  a  few 

branch  of  considerable  s  ze  to  ^^^^^^^^  ...ferred  to  in  connection  with 

filaments  of  comnnnucation.  J  ^^^^  r^.^ives  filaments  of  communication 

the  distribution  of  the  nerve    In  ^  j.^^^^h  cervical  nerves, 

from  the  anterior  branches  ot  *  ,,,„ehes.    The  first,  or  ana.sto- 

I.  its  c^i— ;f  ^^^^^  b^ow  the  plexlform  enlargement  whi... 

motic  branch,  passes  to  the  Pneu^i^^^         ,  pneumogastric. 
is  sometimes  called  the  ganghon  "^^^^  p,i„,rpally,  if  not  entirely,  of  the 

The  internal,  or  anastomotic  bianch,     '^^^"l'"       '  j^ins  the  pneumogas- 

filaments  that  talce  their  origin  thte  forms  a  portion  of  the 

trie,  it  subdivides  into  two  smaller  ^^ranches.    ihe^  pneumogastric.    The  | 

second  becomes  intimately  united  with  the 
pneumogastric,  lying  at  its  posterior  portion, 
and  furnishes  filaments  to  the  inferior,  or  re- 
current laryngeal  branch,  which  is  distribu  ed 
to  all  of  the  muscles  of  the  larynx  except  the 
erico-thyroid.     The  passage  of  the  filament 
Lm  the  spinal  accessory  to  the  pharyngeal 
branch  of  the  pneumogastric  is  easi  y  observed  ; 
but  the  fact  that  filaments  from  this  nerve  pass 
to  the  larynx  by  the  recurrent  laryngeal  has 
been  ascertained'onlyby  physiological  experi- 

The  external,  or  large  branch  of  the  spinal 
accessory,  called  the  muscular  branch,  pene- 
trates and  passes  through  the  posterior  por  ion 
of  the™  third  of  the  sterno-cleido-masto.d 
muscle  goes  to  the  anterior  surface  of  the  trape- 
Z  ,  w  Ih  muscle  receives  its  ultimate  branch 
r  distribution.     In  its  passage  .^-^^^ 
sterno-cleido-mastoid,  it  joms  with  branches 
the  second  and  tWrd  cervical  nerv^  ^d 
sends  filaments  of  distribution  to  the  miiscle. 
Although  the  two  muscles  just  mentioned  re- 
ceive numerous  motor  filaments  from  the  spinal 
 — ,  they  are  also  supplie^d  fn,m  the  c.i- 

tS^- =^f?^1^:^«^^  rroperties  and  Functions  of  tke  ^iml  A. 
»raJSo.;.!;.iV|  ^— s  «        J    _!_^„twithstanding  the  E^^^^^^^fZ 


the  pnoumoKastric;     ^":l^"CZlZmu^O'^s.  exposing  and  m  operau.  g  .^ted  that 

frmkm  spinal  ''''■p<''fZ  nvsuJ<:  o^  or^^nnl  accessory,  it  has  been  demonst  aieu 

^^"^J^^S^^^in^Z^^.^  T^:^ZI^on  produces  convulsive  m^ 


pair  01  cevvi«"  ^^^1  acccssory,    „,.„u;vp  move- 

uiastmnoKM  of  »H  •„„i.\r,Ti  uroduces  convulsive  nio>c 

ecowi  pair  g  their  galvanization  proauce  satisfactory 
;  22  pprtain  muscles.  The  most  sat  siat  j 

„e.  ot  «.o  root.  -e.  f  ""trtiSt'^.l.. 

the  filaments  arising  from  the  raeauud 


nerves  with  the  sublingu!.., 
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cles  of  the  pharynx  and  larynx  and  no  movements  of  the  sterno-mastoid  and  trapezius. 
Galvanization  of  the  roots  arising  from  the  spinal  cord  produced  movements  of  the  two 
muscles  just  mentioned  and  absolutely  no  movements  in  the  larynx.  In  view  of  these 
experiments,  it  is  evident  that  the  true  filaments  of  origin  of  the  spinal  accessory  are 
motor;  and  it  is  fai-ther  evident  that  the  filaments  from  the  medulla  oblongata  are  dis- 
tributed to  the  muscles  of  the  pharynx  and  larynx,  while  the  filaments  from  the  spinal 
cord  go  to  the  sterno-cleido-mastoid  and  trapezius. 

The  trunk  of  the  spinal  accessory,  after  the  nerve  has  passed  out  of  the  cranial  cavity, 
is  endowed  with  a  certain  degree  of  sensibility.  If  the  nerve  be  divided,  the  peripheral 
extremity  manifests  recurrent  sensibility,  but  the  central  end  is  also  sensible,  proba- 
bly from  direct  filaments  of  communication  from  the  cervical  nerves  and  the  pneumo- 
gastric.  As  we  have  remarked,  however,  in  treating  of  the  properties  of  some  other  of 
the  cranial  nerves,  it  is  exceedingly  difficult  to  note  satisfactorily  a  slight  degree  of  sensi- 
bility m  nerves  that  can  be  exposed  only  by  a  tedious  and  painful  operation. 

The  functions  of  the  external,  or  muscular  branch  of  the  spinal  accessory  are  suflS- 
ciently  evident ;  and  the  effects  of  the  destruction  of  the  nerves  on  both  sides,  as  far  as 
this  branch  is  concerned,  simply  resolve  themselves  into  the  phenomena  due'to  partial 
paralysis  of  the  sterno-mastoid  and  trapezius;  but  the  functions  of  the  branch  which 
,10ms  the  pneumogastric  are  much  more  complex. 

Functions  of  the  Internal  Branch  from  the  Spinal  Accessory  to  the  Pneumogastric  — 
iiischofl  attempted  to  ascertain  the  functions  of  this  branch  by  dividing  the  roots  of  the 
spina  accessory  upon  both  sides  in  a  living  animal.  The  results  of  his  experiments  may  be 
stated  m  a  very  few  words:  He  attempted  to  divide  all  of  the  roots  of  the  nerves  upon 
both  sides  by  dissecting  down  to  the  occipito-atloid  space  and  penetrating  into  the  cavity 
of  the  spmal  canal.  In  the  first  three  experiments  upon  dogs,  the  animals  died  so  soon 
after  section  of  the  nerves,  that  no  satisfactory  results  were  obtained.  In  two  succeed- 
mg  experiments  upon  dogs,  the  animals  recovered.   After  division  of  the  nerves,  the  voice 

exaZL  T  '        T'^'  0^  killing  the  aiimals,  an 

exam  nation  of  the  parts  showed  that  some  of  the  filaments  of  origin  had  not  been 

r^Its  w;r;.°r^''Tf  J  "P"'^  unsatisfactory,  as  the 

root  weie  not  completely  divided.    Finally,  another  experiment  was  made  upon  a  goat. 

lie  vole  hr  r'''  """'t  '''''^^''^'y-  ^ft^r  division  of  the  nerve  upon  one  side, 
vllTJZ  Z  ^^'-^  "P°°  the  opposite  side,  the 

u    V  Si  ciX?     '  '\  ^^--^  emitted  afterward  was 

exoerimit  T'""  \'  neuti^uam  ,ox  appellari  potuit ").  This 

experiment  was  made  in  the  presence  of  Tiedemann  and  SeuWtus  and  was  not  re- 

acce^rro' experiments  determined  exactly  the  influence  of  the  spinal 
Sioff  but  H  T  movements  of  the  larynx,  first  repeated  the  experiments  of  Bis- 

that  his  oL l^r™      "P'™*''^  "P"^  "^''^  ^^"^  l^^^orrhage  or  other  causes, 

a  V  comTn  J  rr^'"  satisfactory.  After  many  unsuccessful  trials,  he  succeeded 
llZrZlf^^  l         ':^  ^'-^^^^        nerve  back  to  the  jugular 

ThiroplaZ^is  ,iffi  ',7;  \  "  "'T^  P"''  °'  '''''^'^        ''^'^''-^  by  th^  roots, 

and  have  ;  '  ''^'''^  performed  it  with  entire  success, 

the  excellJn        '  ?  '^''^  '^'''^''^      S^™'^^^.    Within  the  last  year 

lege  Dr  G  TvT  '''''''  °'  ''''  ^^^1"'^^  Medical  Co^ 

stmions'    The    n     I  '        '""'"n^"^  ''^  extirpating  these  nerves  for  class-demon- 

-eeedldfiliLXtl^rm^S^  ^^^^^^^ 

n-'e'llltrrr'""  i^^-"-^-  t^e  following:  The  trunk  of  the 

'owed  up  brcljul  *^Vt^™°-leiclo-mastoid  muscle.    It  is  then  fol- 

^ior  foramen  1  '^'^f         ^"^^'^'^S  blood-vessels  as  much  as  possible,  to  the  poste- 

♦oramen  lacerum,  when  the  sublingual  is  seen  crossing  the  course  0  the  pneumo- 
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pneumogastric.  ''^^y ank  gentle  but  fir.o  traction  is  applied 
seized  ^^•ith  a  pan- ot  ra  her  ^  "^^"^      J  conveyed  to  the  hand  as  the 

to  the  entire  nerve.    Soon  thei e  i   a  u  ucK  ^.^^^  ^.^j^^^. 

i-oots  give  way,  and  the  cord  n.ay  be  extirpated  alone, 

nients  of  origin  from  the  -^'^'^^^^^^^'^^^^^^    ,oeal  sounds  are  hoarse  and  unnatural. 

When  one  sp.nal  acce.so.y  ^  ^^^^  the  disturbance  of  deglutition  and  the  par- 
When  both  nerves  are  toin  ^'^  °  ,,,uscles,  the  voice  becomes  extmct. 

tial  paralysis  ot"  the  ^^---^  f  ;ty  rle  h  J^wb  and  m^ke  evident  efforts  to  cry,  but 
Animals  opera  ed  npon  m  '^^^'^  ^tion  is  very  striking ;  and,  inasmuch  as  Bernard 
no  vocal  sound  is  enaitted        ^  ^^J^^^^^^  months,  the  question  of  the  function 

has  kept  anknals,  with  both  J^'"  ^ '  ,      definitively  settled, 

of  these  nerves  in  phonation  may  ^^^^^^  ^fj^f^^^^^^  ^th  regaii  to  the  influence  of  the 
It  remains  now  to  consider  the  «^P«"'"'^°*"^^,!^'  '^  the  voice    These  are  simple  and 
different  filaments  of  oHgin  of  the^^^^^^^  ^^uTv  l7  o  th^^^^^^^^^^ 

were  intact.  .  ,    rnnsples  of  the  larynx  in  phonation,  as 

It  i,  not  MC  W  to  dtacms  tie  action  of       «f  h'  '  xiie  experiment! 

.M,       eot  i.s  already  been  J°  h~Tpln7accet  ?;  ne.'ve  c™,-  these  muscle. 

r.:raT:rirrn°:r;ffL^^^^ 

movements  of  the  larynx.       _         _  .^^  nervous  connections  mtact, 

If  the  larynx  be  exposed  m  a  living  aiiimal  wim  jration.    The  wide 

it  will  be  seen  to  open  widely  durmg  j-P^^^^^^^^^^^^^^^  the  operation,  respiration 

opening  of  the  glottis  at  this  time  is  due  t  ^^^^^^^^^^^^^  p,,,,  ,„en  the  respira- 
is  usually  more  or  less  labored  but,  ^JJ^^^^^  J  l.tti^  ^eem  to  be  very  shght. 
tory  acts  are  perfectly  t-^^-^' ^^^^  '^.^J^^'"^^^^^^^^^ 

The  larynx  is  then  permanently  opened  to  ^  "^l^J'^^J^nt  aryngeal  nerves,  which  are 
is  slightly  dilated  with  --^-P^^^^^JL  icept  t  -  crico4^^^ 
distributed  to  all  of  the  ^^'l^'^^^V  111  Lr7vzed  and  in  cats  and  young  animals,  in  which 
upon  both  sides,  the  larynx  is  entirely  V^^^^'':"^ ^^^^^^      the  effort  of  inspiration,  and 
tie  cartilages  are  soft  and  flexible,  the  P-^s  ^ .  ^J^^  „f  the  recurrent  laryngeal 

death  takes  place  f-m  suffocation.  Of  com  se^t^^^^^  movements  of  the  l-ynx  as  wdL 
nerves  abolishes  the  voice  but  of  the  spmal  accessory  and  of  the 

The  distinction  thus  -t^^l^^^^J^X^*^^^^^ 

recurrent  laryngeal  nerves  was  ^^^^^'^^'''^^^^^^         destroyed  by  extirpation  of  bott^ 

In  a  cat,  in  which  the  voice  ^^^^'^l^'^i^^ 
spinal  accessory  nerves,  the  larynx  ^^^^'f^^  ^^,,^3  membrane  retained  its  sen^- 
plmit  the  free  P^-^ge  of  air  m  r  sp  r  t-^  ^  ^^^^  hut  ineflectua 

Itact,  ae  glottis  i.  mstantl,  and  firm  J  were  extirpated,  and  ^c 

In  a  cat  "bout  «ve  week, 

rt.:  —  d'SXos.  >»-^;»'t,f  t,rt~.,  or  commanictin,  branC  of 

These  experiments  show  conclusivcl>  that  the  m 
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the  spinal  accessory  is  tlie  nerve  winch  presides  over  tlie  movements  of  the  larynx  in 
phonation.  The  filaments  undoubtedly  pass  to  the  larynx  in  greatest  part  through  the 
recurrent  laryngeal  branches  of  the  pnoumogastric ;  but  the  recurrent  laryugeals  also 
contain  motor  filaments  from  other  sources,  which  latter  are  cliiedy  concerned  in  the 
respiratory  movements  of  the  glottis. 

Influence  of  the  Internal  Branch  of  the  Spinal  Accessory  iipon  Deglutition.— There 
are  two  ways  in  which  deglutition  is  affected  through  this  nerve :  1.  When  tlie  larynx  is 
paralyzed  as  a  consequence  of  extirpation  of  both  nerves,  the  glottis  cannot  be  completely 
closed  to  prevent  tlie  entrimce  of  foreign  bodies  into  the  air-passages.  In  rabbits  par- 
ticularly, it  has  been  noted  that  particles  of  food  penetrate  the  trachea  and  find  their 
way  into  the  lungs.  2.  The  spinal  accessory  furnishes  numerous  filaments  to  the  pharyn- 
geal branch  of  the  pneumogastric,  and,  through  this  n^rve,  it  directly  affects  the  muscles 
of  deglutition ;  but  the  muscles  animated  in  this  way  by  the  spinal  accessory  have  a  ten- 
dency to  draw  the  lips  of  the  glottis  together,  while  they  assist  in  passing  the  alimentary 
bolus  into  the  oesophagus.  When  these  important  acts  are  wanting,  there  is  some  diffi- 
culty in  the  process  of  deglutition  itself  as  well  as  danger  of  the  passage  of  foreign 
particles  into  the  larynx. 

Influence  of  the  Spinal  Accessory  upon  the  Heart. — When  we  come  to  study  the  varied 
functions  of  the  pneumogastrics,  we  shall  discuss  fully  the  mechanism  by  which  the  con- 
tractions of  the  heart  are  arrested  by  galvanization  of  both  of  these  nerves  In  the  neck. 
A  very  curious  and  interesting  observation  by  Waller  has  demonstrated  that  this  influ- 
ence, whatever  be  its  mechanism,  is  derived  from  the  spinal  accessory  and  necessarily 
<!omes  tlirough  its  communicating  branch.  It  has  been  found  that  a  powerful  current  of 
galvanism  passed  through  the  pneumogastric  upon  one  side  will  arrest  the  action  of  the 
heart.  Waller  found  that,  if  he  extirpated  the  spinal  accessory  upon  one  side,  the  action 
of  the  heart  could  not  be  arrested  by  galvanizing  the  pneumogastric  upon  the  same  side; 
but  this  result  followed  galvanization  of  the  pneumogastric  upon  the  opposite  side,  on 
which  the  connections  with  the  spinal  accessory  were  intact.  These  phenomena,  how- 
ever, could  not  be  observed  until  from  ten  to  twelve  days  had  elapsed  after  the  extirpa- 
tion of  tlie  spinal  accessory.  We  have  already  seen,  in  treating  of  the  general  properties 
of  the  nerves,  that  the  irritability  of  the  motor  nerves  disappears  in  about  four  days  after 
their  separation  from  the  nerve-centres.  In  the  observation  just  referred  to,  it  seemed 
necessary  tliat  a  sufficient  time  should  elapse  after  extirpation  of  the  spinal  accessory  for 
the  irritability  of  the  filaments  that  join  the  pneumogastric  to  become  extinct ;  but  the 
experiment  is  sufficient  to  show  the  direct  inhibitory  influence  of  the  spinal  accessory 
upon  the  heart.  This  subject  will  be  more  fully  considered,  however,  in  connection  with 
the  functions  of  the  pneumogastrics. 

Functions  of  the  External,  or  Muscular  Branch  of  the  Spinal  Accessory  .—The  mOst 
interesting  feature  in  the  recent  researches  into  the  functions  of  the  spinal  accessory  is, 
that  experimentalists  have  been  able  to  separate  physiologically  the  internal  from  the 
external  branch.  Observations  have  conclusively  demonstrated  that  the  internal  branch, 
and  the  internal  branch  only,  is  directly  concerned  in  the  vocal  movements  of  the  larynx, 
and,  to  a  great  extent,  in  the  closure  of  the  glottis  during  deglutition.  It  has  been  noted, 
in  addition,  that  animals  in  which  both  branches  have  been  extirpated  present  irregu- 
larity of  the  movements  of  the  anterior  extremities  and  sufl^er  from  shortness  of  breath 
after  violent  muscular  exertion.  The  use  of  the  corresponding  extremities  in  the  human 
subject  is  so  different,  that  it  is  not  easy  to  make  a  direct  application  of  these  experi- 
ments ;  still,  we  can  draw  from  them  certain  inferences  with  regard  to  the  functions  of 
the  external  branch  in  man. 

In  prolonged  vocal  efforts,  the  vocal  cords  are  put  upon  the  stretch,  and  the  act  of 
expiration  is  very  different  from  that  in  tranquil  breathing.  In  singing,  for  example  the 
Shoulders  are  frequently  fixed;  and  this  is  done  to  some  extent  by  the  action  of  the 
stemo-cleido-mastoid  and  the  trapezius.    We  may  suppose,  then,  that  the  action  of  the 
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1  •  1   „„nc=  fr.  tliPHc  muscles  has  a  certain  syncVironism 
branch  of  the  spi.a  acccsscn-y  wh.ch  go     to  t^-o  muscl^^^^          ^^^^  ^.^.^^^ 

with  the  action  ot   ho  branc        "fe  o  tl  e     y  ^^^^^i  ^^^^ 

upper  part  ot  the  chest  so  that  the  eM'ui^w^  b  ^ 

nicely  regulated  by  the  «^I"-.^tory  .uu  cle^  an  ^^^^  ^^^^^^^ 

,s  fixed  after  a  fu  1  ^«P"  ^  ^^l  The  ame  synchronism,  therefore,  obtains  in  th,B  as  m 
°°\*''°7''"^  eCrT  lerimentB  in  which  the  muscular  branch  only  has  been 
prolonged  vocal  eftoits.  in  '^JJg^  muscular  effort,  is  observed  ;  and  this  is  proba- 
divided,  shortness  of  breath  a^^^m^olent  m^^^  ,terno-cleido-mastoid  and  trapezius, 

bly  due  t«  the  want  t  syn^^^h^^^^^^^^^^  ac=t^  ^bich  either  both  branch- 

The  irregularity  mth^^^^  g       divided,  is  due  to  anatomical  pecnliant.es. 

es  or  :  J^^^^^^^^^^^     °egularities  in  the  dog  and  the  horse,  but  they  are  not  so 

^"^^^It^^^^^i^^  no  opportunities  for  illustrating  these  pomts 

in  the  human  subject. 

/Sublingufll,  or  Hypoglossal  Mrm.   (Nh^h  Jfen,e.) 

r^otAlv  connected  with  the  physiology  of  the  tongue  m  uefc 
though  iUs  also  distributed  to  certain  of  the  muscles  of  the  neek. 

J^ny.iolo,ical  Anaur^y  of  tU  SuU^^ual  ^-^^^^  Itty  fody^rd't 

Kual  is  from  the  medulla  oblongata,  m  the  At  this  point, 

interior  pyramid,  on  the  line  ^^'^^^^^^.f  ^^^^jZr.  the  inferioi  por- 
itsrootis  formed  of  from  ^^^^^ f^^^l-'lie  upper  with  the  middle  third, 
tion  of  the  olivary  body  to  ^^'-^.^^/.'^  ^^t  wo  gr^s  superior  and  inferior.  From 
These  filaments  of  origm  are  separated  f^Jl^J^l"^^^^  matter  of  the  floor 

this  apparent  origin,  '^'^^^'^'X^'ll^^Z^^^  '^'^ 
of  the  fourth  ventricle,  between  the         ^^^Z;  ^.  J  ,p,,       point,  it  is  probable 
pharyngeal.    Although  there  is  -  f  f ^^^^^^^^^^^^  iu  the  floor  of  the  fourth 

lhat  some  of  the  filaments  of  .'^'^'J^jl'^'^^^^^  of  the  nerve  unite  to  form  two 

venti-icle.    The  superior  and  inferior  ^1^"^  ^  in  tie  dura  mater.   These  two  bundles 

^Sl^r^rand  umte  into  a  single  trun.  as  they 

-xf  i::^:^ out  Of  r r^i;»~  " 

nerves.    It  sends  a  filament  of  at  o-  the  foramen,  it  sends  a 

the  superior  cervical  ganglion,  f -J^^^  ,\^;Lo  or  three  branches  with  the  upper 
branch  to  the  pneumogastric.    I*  ^^^^  directions  between  the  nerves.  It 

anastomoses  witn  tne  uugua 

both  directions.  i  r,vP«PTits  several  remarkable  peculiarities : 

In  its  distribution,  the  sublingual  P^^^^^  ^^^^'^^  „eck  to  the  sterno-liyoid,  ster- 
Its  first  branch,  the  descendens  noni,  parses  dow      ^^^  ^^.^^^  .^^^^^^^  ^^,,,1,  ,„d 

no-thyroid,  and  omo-hyoid  ™-^td  ;able  srg  c;i  interest. 

nerves,  this  branch  possesses  considerab  e  surgic  ^^^^1,. 

Th;  thyro-hyoid  branch  is  distributed  o  *e  ^^^^^^^       byo-glossus,  g-^-o-hj^^^' 
The  other  branches  arec  is  n^^^^^^  intrinsic  muscles  of  th. 

genio-hyo-glossus  muscles,  their  termina  ^  ^  _^ 

infra-hyoid  region,  ft»  nc«o»  ol  wh.ch  .s  to  <lep.» 
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tho  passage  of  the  alimentary  bolus  tliroiigh  the  pliarynx  ;  to  one  of  tlio  muscles  in  the 
supra-hyoid  region,  the  genio-hyoid  ;  to  most  of  the  muscles  which  move  the  tongue  ; 
and  to  the  muscular  fibres  of  the  tongue  itself.  The  action  of  these  muscles  and  of  the 
tongue  itself  in  deglutition  has  already  been  fully  discussed. 


Fig.  m.—Diairibution  of  the  sublingual  neroe.  (Snppey.) 

^ln,  ^"Sl7.Hf"'on''f,i™'  ^\S<i^Slon  of  Andersch;  IT,  18,  branches  of  the  slosso7ha"yD°eanm"  9'  I  f 
b>  anc/,e« ,   IS,  iico  branches,  one  to  the  gmio-hyo-glossm  and  the  other  to  the  gedio-hyoia  muscle. 

Properties  and  Functions  of  the  Suhlingual.—ThQve  is  every  reason  to  believe  that, 
the  sublmgual  nerve  is  entirely  insensible  at  its  origin  from  the  medulla  oblongata  The 
fact  that  it  arises  from  a  continuation  of  the  motor  tract  of  the  spinal  cord  and  has  no 
ganglion  upon  its  main  root  would  lead  to  the  supposition  that  it  is  an  exclusively  motor 
nerve.  In  operating  upon  the  roots  of  the  spinal  accessory,  when  the  origin  of  the  sub- 
lmgual is  necessarily  exposed,  Longet  has  irritated  the  roots  in  the  dog,  without  any  evi- 
dence of  pam  on  the  part  of  the  animal.  Such  experiments,  taken  in  connection  with 
the  anatomical  characters  of  the  nerve,  render  it  almost  certain  that  its  root  is  devoid 
ot  sensibility  at  its  origin.  All  modern  experimenters  have  confirmed  the  observations 
ot  Alayo  and  of  Magendie,  with  regard  to  the  sensibility  of  the  sublingual  after  it  has 
passed  out  of  the  cranial  cavity.  The  anastomoses  of  this  nerve  with  the  upper  two 
cervical  nerves,  with  the  pneumogastric,  and  with  the  lingual  branch  of  the  fifth  afford 
a  ready  explanation  of  this  fact.  ' 

of  ,Wln?r*'°H  f sublingual  have  already  been  so  fully  considered  under  the  head 
ot  Ueglutitiou,  that  they  need  not  bo  discussed  elaborately  in  this  connection.  We  shall 
nere  simply  state  the  phenomena  which  follow  stimulation  of  the  nerve  and  the  division 
"I  uoin  nerves  in  living  animals. 


NERV0U8  bY8TEM. 

•1         0^,1  ;,.  tiir,  Amr  l)v  inakiiiK  an  incision  juBt  below 
The,  Riililino'ual  mav  bo  easily  exposed  m  tlio  uog       mai^'"h  . 
ine  suonnouai  muy  j     1  carotid  artery  and  iollowinf;  the 

the  border  of  the  lower  aw,  dissecting  down  to  tUt  caioiiu  a     y  ^ 

,  1      i.M        o£.n  iha  TiM-ve  as  it  crosses  its  course.    On  ai)i)iyinb  a  ioluic 

vessel  upward  until  we    e    ^h^^^      f^^^  ^^.^^,,,3      ,,^,ibiUty,  and  the  tongue  is 
current  of  galvanism  at  this  point,  luoio  uiu  v 

moved  convulsively  at  each  ^timulto^         sublingual  nerves  point  directly  to  their  • 

The  P''---'^^^"^i°i:ro;  e^^  iB,  tiat  the  movements  of 

function.  Ihe  ";°^V  W  w  hL  aen  II  sensibility  ani  the  sense  of  taste  arenot  aflected. 
the  tongue  are  entirely  o  t  wW^  J        ^^^^.^^  ,i,piy     loss  of  power 

It  S~  m  degmtition.    we  have  repeatedly  noted 

11   f         noints  and  have  demonstrated  them  to  medical  classes. 

animals  after  section  of  the  subl  ngual  J^^'^^,^^^^^^^^       articiion,  ^hich 

difficulty  in  deglutition,  and,  in  addition,  we  note  an  ^'^texfe^ence^^  ^.^^^^^ 

cannot  be  observed      ^-^f^^-'^  -l>"^^^^^^^^  ,,ere  peculiarly 

under  observation  in  the  Bellevne  hospital  the  phenome^^^^^^^^^ 

interesting  from  a  physiological  point  of  view  ^  P^^^^^^^  P\:^^;^^l  Jthe  tongue- 
,is  of  the  tongue,  with  considerable  ^^^'^J'^J^^'^'i^^^^^^  probably  extended 

affection.    The  orbiculans        was  a^aly  ed^  The  pa^  J  J^^  ^^^^^ 

rZ:TZ:Xo^l:^:^^         -d  commumcated  entirely  by  signs. 



CHAPTER  XIX. 

SENSOBT  CRANIAL  NERVES. 

the  sympatbetic  at  the  ganglion  of  G^^^^-'^fP/tnTe  human  ubject-Pneuraogastric  nerve  (second  dnn..  n  o 
of  the  trffaeial-Cases  of  paralysis  of  the  tnfacia  pneumogastne- General^  properties  of  the 

the  ei.'hth)-Physiological  anatomy-Properhes  and  functions  of  the  pharyngeal  nerxes- 

i'o^s^lpropertie'  and  functions  of  the  auricular  „   Pro^^^^^^^^^  i,,erio.  or  recurren 

Pronerties  and  iunolions  of  the  superior  laryngeal  nerves  irip  .  .  gf  the  pneumogastrics  upon  tlio 
toryngea  nerves-Properttes  and  functions  o"^^  erLT  and  V^ctions  onhe  pulmonary  branches,  and  influ^ 
Stion-Depressor-nerve  of  the  circi^aUon-^^^^^^^^^ 

ence  of  the  pneumogastrics  upon  respiration-Pioperties  ana 

functions  of  the  abdominal  branches. 

A  n»ve,  the  l.rg.  root  of  'l-' "^S'^^'Xl  it- er.e..  TMs  is  o« 

„t  tl,o  most  i-totcting  of      ■'™»'»  "  HL  g^e.t  seMitivo  nor.,  of  tl,.  l.co, 

„poo  I,,  pl„.iologtet».    It  is  mler«stm8,  not  ou^  »>       g  „f  special  «,»se. 

.Lf.o„  it,  beg^witu  ,.i.ysioi.g.c.i 

In  studying  the  physiology  of  this  nerve,  wc 
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Physiological  Anatomy  of  the  Trifacial  N'ene. — The  apparent  origin  of  tlio  large  root 
of  the  tifth  is  from  the  lateral  portion  of  the  pons  Varolii,  posterior  and  inferior  to  the 
origin  of  the  small  root,  from  which  it  is  separated  hj  a  few  transverse  fibres  of  white 
substance.  The  deep  origin  is  far  removed  from  its  point  of  emergence  from  the  oncopha- 
lon.  The  roots  pass  entirely  tlirougli  the  substance  of  the  pons,  from  without  inward 
and  from  before  backward,  without  any  connection  with  the  fibres  of  the  pons  itself.  By 
this  course,  it  reaches  the  medulla  oblongata,  where  the  roots  divide  into  three  bundles. 
The  anterior  bundle  passes  from  behind  forward,  between  the  anterior  fibres  of  the  pons 
and  the  cerebellar  portion  of  the  restiform  bodies,  to  anastomose  with  the  auditory  nerve. 
The  other  bundles,  which  are  posterior,  pass,  the  one  in  the  anterior  wall  of  the  fourth 
ventricle  to  the  lateral  tract  of  the  medulla  oblongata,  and  the  other,  becoming  grayish 
in  color,  to  the  restiform  bodies,  from  which  they  may  be  followed  as  far  as  the  point 
of  the  calamus  scriptorius.  A  few  fibres  from  the  two  sides  decussate  at  the  median  line 
in  the  anterior  wall  of  the  fourth  ventricle.  From  this  origin,  the  large  root  of  the  fifth 
passes  obliquely  upward  and  forward  to  the  ganglion  of  Gasser,  which  is  situated  in  a 
depression  in  the  petrous  portion  of  the  temporal  bone  on  the  internal  portion  of  its  ante- 
rior face. 


Fig.  211— Principal  branches  of  the  large  root  of  the 
fifth  nerve.  (Eobin.) 

fl,  gaiiijlion  of  Gasser ;  a-ic.  ophthalmic  division  of 
the  fifth  :  b.  ophthalmic  ffanaliaii;  c,branch  from 
the  nphtlialmic  division  ofUieffth  to  the  ophthal- 
mic (/anglion;  cZ,  motor  oculi  communis;  e,  ca- 
rotid ;  /,  ciliary  nerves ;  g,  cornea  .ind  iris  ;  «-/<, 
superior  maxillar)/  division  of  the  fifth;  i,  tioo 
branches  from  the  superior  maxilla n/  division 
of  the  fifth  to  the  sphenn-palatine  ganglion;  j, 
deep  petrosal  nerve ;  k,  filaments  from  the  motor 
root  of  the  fifth  to  the  internal  muscle  of  the  mal- 
leus; l,  naso-paiatine  ganglion;  m.,  otic  ganglion; 
n,  small  superficial  petrosiil  nerve  ;  o,  branches 
of  the  fifth  to  the  submaxillary  ganglion ;  p, 
branches  to  the  sublingual  gavglioti ;  facial 
nerve ;  r,  sympathetic  ganglion  ;  s.  nerve  of  mas- 
tication ;  t,  chorda  t;impani.  joining  the  lingual 
branch  of  the  fifth;  u.  Vidian  nerve  ;  v,  branch 
from  the  motor  root  to  the  internal  pterygoid  mus- 
cle; ?r,  bra7ich  of  the  fifth  to  the  lachrymal  gland  ; 
«,  bend  of  the  facial  nerve ;  y,  middle  inenlngeal  ar- 
tery ;  2,  filament  from  the  carotid  plexus  to  the 
ophthalmic  ganglion  ;  (1  and^are  not  in  the  figure) 
a.  external  spheno-palatine  filaments ;  4,  spheno- 
palatine ganglion  ;  !>.  naso-palatlne  nerve  ;  (1.  ante- 
rior palatine  nerve  ;  1,  inferior  maxillary  division 
of  the  fifth ;  8,  nerve  of  Jacobson. 


Fig.  212. — Ophthalmic  division  of  the  fifth.  (Hirschfold.) 

1,  ganglion  of  Gasser ;  2,  ophthalmic  division  of  the 
fifth ;  3,  lachriiw,al  branch  ;  i.  frontal  branch ;  5, 
external  .frontal;  0,  internal  frontal ;  7,  mipra- 
trochlear;  8,  nasal  branch;  !),  external  nasal;  10, 
internal  hasal;  11.  anterior  deep  temporal  nerve' 
12,  middle  deep  temporal  nerve  ;  1.3,  posterior  deep 
temporal  nerve  ;  H,  origin  of  the  superficial  temporal 
nerve ;  1."),  gi-eat  superficial  petrous  neiTe. 

I  to  XII,  roots  of  the  cranial  nerve.s. 


The  Gasserian  ganglion  is  semilunar  in  form  (sometimes  it  is  called  the  semilunar 
ganglion),  with  its  concavity  looking  upward  and  inward.  At  the  ganglion,  the  nerve 
receives  filaments  of  communication  from  the  carotid  plexus  of  the  sympathetic.  This 
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anatomical  point  is  of  importance  in  view  of  some  of  the  remote  eflects  wl.icl.  follow 
division  of  the  fifth  nerve  through  the  ganglion  m  hvmg  animals. 

1  win  be  ne  Lary  only  to  describe  in  a  general  way  the  nu.nerous  branches  o  d.s- 
.  -w       f./   fir  rmnve  remembering  that  it  is  the  great  sensitive  nerve  ot  the  lace. 
'^'T^if^:'^^^:^^  its  aLrior  and  externa,  portion,  are  given  off  a  few 

At  the  ,au«iion  ^  te^.       the  tentorium, 

small  and  ^ ;";^\''l  °  ganglion,  the  three  great  branches  arise,  which  have 

•  '^Tt^;:rv:^  -m  of  triSl  or' trigeminal.'  Theseare:  1,  the  ophthalmic ; 
given  to  the  neive  tne  ua  .      •     ^ijixiUary.    The  ophthalmic  and  the  superior 

llie  oplith.lmio  Branon  f  commuoioatio,,  from  tl.e  .jmpatUetic, 

three  br..che.;  the  TetdT.  kahd.  to  the  orhital  branch  of  the 

ment  of  the  upper  eyelid. 


(d'lieolar 


T  -Ar.^  ^T,(-n  the  sTOra-trochlear  and  supra- 
The  frontal  branch,  the  largest  of  the  ''^^'^'^^^^1^1^^^^.,,,,  the  supra-orbital 
orbital  nerves.    The  supra-trochlear  pa^^es  out  of  the         ^^^^^  _^  .^^  ^^^^^^  ^  ^^^^^ 

foramen  and  the  pulley  of  the        ^"'^^  ."^^"^X^^^^^^^^^^ 

delicate  filament  to  the  nasal  branch  and  is  5^^^//°^  .^^^    J^s  a  few  filaments  to  the 
The  supra-orbital  passes  through  the  f^^^'^^Zl^^^^-  portions  of  the  scalp 
upper  eyelid,  and  supplies  the  forehead,       ;j'j;';;,ricranium  covering  the  frontal 
the  mucous  membrane  of  the  frontal  sinus,  and  the  per 

parietal  bones.  .  ,       i,,eg  off  a  long,  delicate  filament  to 

The  nasal  branch,  before  it  penetrates  the  o.  bit  gi  ^^^^  ^^^^  ^,,,ary 

the  ophthalmic  ganglion,  constituting  its  sensory  loot. 
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nerves,  which  pass  to  the  ciliary  muscle  and  iris.  Its  trunk  finally  divides  into  the  external 
nasal,  or  intVa-trochlearis,  and  the  internal  nasal,  or  ethmoidal.  The  infra-trocliloaris  is 
distributed  to  the  integument  of  the  forehead  and  nose,  to  tlie  internal  surface  of  the 
lower  eyelid,  the  lachrymal  sac,  and  the  caruncula.  The  internal  nasal  is  distributed  to 
the  mucous  membrane,  and  also  in  part  to  the  integument  of  the  nose. 

The  superior  maxiUary  branch  of  the  fifth  passes  out  of  the  cranial  cavity  by  the 
foramen  rotundum,  travel  'ses  the  infra-orbital  canal,  and  emerges  upon  the  face  by  the 
infra-orbital  foramen.  Branches  from  this  nerve  are  given  off  in  the  spheno-maxillary 
fossa  and  the  infra-orbital  canal,  before  it  emerges  upon  the  face.  In  the  spheno-maxil- 
lary fossa,  the  first  branch  is  the  orbital,  which  passes  into  the  orbit,  giving  off  one 
branch,  the  temporal,  Avhich  passes  through  the  temporal  fossa  by  a  foramen'  in  the  malar 
bone  and  is  distributed  to  the  integument  on  the  temple  and  the  side  of  the  forehead. 
Another  branch,  the  malar,  which  likewise  emerges  by  a  foramen  in  the  malar  bone,  is 
distributed  to  the  integument  over  this  bone.  In  the  spheno-maxillary  fossa,  are  also 
given  off  two  branches,  which  pass  to  the  spheno-palatine,  or  Meckel's  ganglion.  From 
this  portion  of  the  nerve,  branches  are  given  off,  the  two  posterior  dental  nerves,  which 
are  distributed  to  the  molar  and  bicuspid  teeth,  the  mucous  membrane  of  the  correspond- 
ing alveolar  processes,  and  to  the  antrum. 


Fio.         Inferior  maxiUary  dimsinn  of  the  flfih.  (Hirschfeld-) 
'    bram.h'°"  "'Ojnoto'-  root  to  the  uiasseter  muscle ;  2,  filaments  from  fhie  branch  to  the  temporal  muscio :  3  buccal 

In  the  infra-orbital  canal,  a  large  branch,  the  anterior  dental,  is  given  off  to  the  teeth 
ana  mucous  membrane  of  the  alveolar  processes  not  supplied  by  the  posterior  dental 
nerves.   This  nerve  anastomoses  with  the  posterior  dental. 
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rallih^^rticl        ::r.ntegu.ent  and  —  xne.We  of  U.e  upper 

lip  (the  labial  branches)  composed  of  the  inferior  diviBion  of  the  large 

The  inferior  maxillary  ^«  of  the  motor  filaments  has  already  been 

root  and  the  entu.  sma  1  r  ot^  Jl  ^  <i^tnb^^^^.^^_  ^^.^  ^^^^^  ^^^^^^  , 
described  undet  the  head  0  the  ne,  division,  contaming 

:Saiortrrror^mamei;rd\;J  posterior  division,  Which  is  chie«y  sensory. 

The  sensory  Povtion  ^re^s^np  into  ^^^^^ the  temporal  region,  the 
1.  The  auriculo-temporal  ^i^rve  supplies  l  h.^noro-maxillary  articulation,  and 

the  parotid  gland.    It  also  senas  imi  distributed  to  the  mucous 

membrane  of  the  tongue  as  far  as  the  point  the  mucous 
membrane  of  the  mouth,  the  gums,  and  to  the  subhngual 
eland  This  nerve  receives  an  important  branch  from 
the  facial  (the  chorda  tympani)  which  has  already  been 
described.  From  this  nerve,  also,  are  given  off  two  or 
three  branches  which  pass  to  the  submaxillary  ganglion, 
constituting  its  sensory  roots.  f„f+1,«  three 

3  The  inferior  dental  nerve,  the  largest  of  the  three, 
passes  in  the  substance  of  the  inferior  maxillary  bone 
beneath  the  teeth,  to  the  mental  foramen,  where  it 
Lon  the  face  The  most  important  sensory 
3  s  arthose  wSdi  supply  the  pulps  of  the  teeth, 
^nd  the  branches  upon  the  face.  The  nerve,  emerging 
Ton  the  face  by  the  mental  foramen,  called  the  mental 
n  "e  ^upp  ies  [he  integument  of  the  chin  and  the  lower 
Zt^i  the  face,  the  lower  lip,  and  sends  certam  filaments 
to  the  mucous  membrane  of  the  mouth. 

tTon  of  the  superior  maxillary  a.y-       properties  and  Functions  of  the  ^'■'>"''^-T-^°J,f  f: 
h^^^X^^-,  Hei^Un  Mayo  published  an  account  of  ^^-^f 

^^l^l'^f'^  determine  ^^^^^^.'^l^r^^^^^^^^ 
—^^"'"7  inferior  mLillary 

Berves."    These  expeiuments  consisted  m  d^ul^^g  ^^^^^^^^^ 

and  frontal  branches  of  the  fifth,  and  ^^^'^^^d^^^^^  sensory  nerves.  In  a  second 
by  which  it  was  demonstrated  that  tl-se  were  ^-1---^^^  divided  in  the 

publication,  the  following  year,  i^^  is  ^^ated  tha    he  i^^^^^^^^  .movements  of  the 

cranial  cavity  in  pigeons ;  but  ttns  J'«^  .^^'/^e  "  the  surface  of  the  eyeball  ap- 
iris,  although  Mayo  notes  that  after  division  of  the 

pears  to  have  lost  its  feeling."  exneriments  in  which  he  had  divided  the 

In  1823,  Eod^ra  published  an  -  oun^^^^^^^^       -roducing  a  small  knife  through  an 
roots  of  the  fifth  in  living  animals    f        f^;;  ,4  cutting  through  the  roots 

opening  in  the  parietal  bone,  along  ^j^^^^J^^"^^^^  ,y  complete  loss  of  sensibi  - 

near  the  Gasserian  ganghon  The  ^P^^f  "^J^j^.^.a.  In  this  and  other  experiments, 
itv  upon  the  side  on  which  the  nerve  had  been  in  which  these 

hLTer,the  animals  died  a 

experiments  were  detailed  was  P^'^^^^^^^f         ^'p^^^^^       of  Mayo.  . 
and  was  published  at  about  t'^'^^f/ ^^nxpeTiments  upon  the  fifth  pair.  He 

In  1824,  Magendie  published  an  account  o  ^    -per     ^  ^^^^  „„,cd 

divided  the  nerve  at  its  root,  by  mtroducmg  a  small  .ty 


Fig  m.-Limita  of  cutanenus  distri- 
bution of  sensory  nerves  to  the  f  Me, 
head,  and  neck.  (Beclard.) 
1  cutaneous  distribution  of  the  oplithal- 
'  muf  division  of  the  filth;  ?  disti.bu- 
tion  of  the  superior  maxillary  divn- 
Bion;  8,  3,  distribution  of  tlie  inferior 
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immediate  loss  of  sensibility  upon  the  corresponding  side  of  the  face.  Magendie  was  the 
first  to  succeed  in  keeping  the  animals  alive,  observing  certain  interesting  remote  eftects 
following  division  of  the  nerve. 

The  operative  procedure  employed  by  Magendie  has  been  followed,  with  great  suc- 
cess, by  other  physiologists,  particularly  Bernard,  to  whose  researches  we  are  indebted 
for  many  additional  facts  of  interest  concerning  the  functions  of  the  fifth  nerve.  As 
this  is  an  operation  which  we  have  frequently  performed  with  success,  following  the 
minute  directions  laid  down  by  Bernard,  we  shall  quote  from  him  in  brief  the  different 
steps : 

The  nerve  may  be  divided  in  the  cranial  cavity  with  tolerable  certainty  in  rabbits, 
eats,  dogs,  and  Guinea-pigs,  but  it  is  most  easily  done  in  rabbits.  The  operation  is  difii- 
cult  from  the  fact  that  one  is  working  in  the  dark,  and  it  requires  a 
certain  amount  of  dexterity,  to  be  acquired  only  by  practice.  The 
instrument  used  is  represented  in  Fig.  216.  The  operative  procedure 
is  as  follows : 

1.  "  The  head  of  the  rabbit  is  firmly  held  in  the  left  hand.  The 
operator  feels  with  the  finger  of  the  right  hand  the  tubercle  situated  in 
front  of  the  ear,  formed  by  the  condyle  of  the  lower  jaw.  Behind  this 
tubercle,  is  a  hard,  osseous  portion,  the  origin  of  the  auditory  canal. 

2.  "  The  operator  penetrates  just  behind  the  superior  border  of  the 
condyle,  directing  the  point  of  the  instrument  shghtly  forward  to  avoid 
passing  into  the  substance  of  the  petrous  portion  of  the  temporal  bone, 
and  thus  pas.ses  more  easily  into  the  middle  temporal  fossa  ;  at  the  same 
time  the  instrument  is  directed  a  little  upward  to  avoid  slipping  into  the 
zygomatic  fossa  and  thus  failing  to  enter  the  cranial  cavity. 

3.  "  As  soon  as  the  instrument  has  penetrated  the  cranium,  which 
is  recognized  by  the  point  becoming  free,  the  pressure  is  ar?ested  and 
the  instrument  is  directed  downward  and  backward,  its  back  sliding 
along  the  anterior  face  of  the  bone,  which  should  serve  as  a  guide  in  the 
operation. 

4.  "This  point  of  departure— that  is  to  say,  the  anterior  face  of  the 
bone— being  found,  the  instrument  is  pushed  along,  following  its  inferior 
border  and  proceeding  gradually,  as  the  instrument  penetrates,  pressing 
on  the  bone,  the  resistance  of  which  can  be  easily  recognized.  Soon, 
however,  the  operator  feels,  at  a  certain  depth,  that  the  bony  resistance 
ceases :  he  is  then  on  the  fifth  pair,  and  the  cries  of  the  animal  give 
evidence  that  the  nerve  is  pressed  upon. 

5.  "  It  is  at  this  moment  that  it  is  necessary  to  hold  firmly  the  instru- 
ment and  the  head  of  the  animal ;  then  the  cutting  edge  is  turned  so  as 
to  be  directed  downward  and  backward,  at  the  same  time  pressing  in 
this  direction  so  as  to  divide  the  nerve  on  the  extremity  of  the  petrous  portion,  behind 
the  ganglion  of  Gasser,  if  possible,  or  at  least  on  the  ganglion  itself 

6.  "  The  instrument  is  then  drawn  back,  pressing  upon  the  bone  so  as  to  accomplish 
completely  the  section  of  the  trunk  of  the  fifth  pair;  then  it  is  withdrawn  bypassing 
over  the  same  course  on  the  anterior  face  of  the  petrous  portion  so  as  not  to  lacerate  the 
cerebral  substance. 

''The  accident  to  be  feared  in  the  operation  is  section  of  the  carotid  when  the  instru- 
forward  °'*  °^       cavernous  sinus  when  it  is  pressed  too  far 

ver^^f"*"!, operation  has  been  performed  without  accident,  its  immediate  efi-ects  are 
thJ^     1  '^"^^'^  ^^''^       integument  and  mucous  membrane  upon  that  side  of 

burned  '"f^^^^f.^^^^^^^y  <l«P"^e<i      sensibility  and  may  be  pricked,  lacerated,  or 

ourned,  without  the  slightest  evidence  of  pain  on  the  part  of  the  animal.    Almost  always 


Fig.  216.  —  Instru- 
ment for  di- 
viding the  fifth 
nerve.  (Bernard.) 
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.    T  ■  1  1      „r,.n  i.H  the  larire  root,  and  the  muBcles  of  niaBti- 
the  small  root  of  the  fifth  is  dm  e  -       ;  ,  '  ,^  tceptio'n,  there  is  x>o  ,aralyBis  of 
cation  are  paralyzed  upon  one  side ,  but,  nmi 
motion,  sensation  alone  being  destroyed  upon  one  side. 
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k,  section  of  tlie  spinal  corci.  ^         JiscuSS  tbo 

I^^eMate  Effects  of  I^---^/^             ^^^^^^^  ^^^^ 

functions  of  the  trifacial,  after                      tl  '  "^'^             /  "'^^  ^ 

its  division,  taken  in  connection  witli  it  phys^^^^^^^^^^  ^^.^^^1,,,  „pon  the  face  and 

been  exposed  in  the  cranial  cavity  in  ImnR  ""^^^Z..  been  operated  upon  and  found 
the  lingual  branch  of  tlie  inferior  niax.llaiy  dnision  i  a 
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to  be  exquisitely  sensitive.  Longet  and  others  hare  exposed  the  roots  in  animals  imme- 
diately after  death,  and  have  found  that  galvanization  of  the  largo  root  carefully  insu- 
lated produces  no  muscular  contraction.  All  who  have  divided  this  root  in  living  animals 
must  have  recognized,  not  only  that  it  is  sensitive,  but  that  its  sensibility  is  far  more  acute 
than  that  of  auy  other  nervous  trunk  in  the  body.  It  is  much  more  satisfactory  to  divide 
the  nerve  without  etherizing  the  animal,  as  the  evidence  of  pain  is  an  important  guide  in 
this  delicate  operation ;  but,  in  using  ana3sthetics,  we  have  never  been  able  to  bring  an 
animal  under  their  influence  so  completely  as  to  abolish  the  sensibility  of  the  root  itself 
For  example,  m  oats  that  appear  to  be  thoroughly  etherized,  as  soon  as  the  instrument 
touches  the  nerve,  there  is  more  or  less  struggling.  The  large  root  of  the  fifth,  then  is 
an  exclusively  sensory  nerve,  and  its  sensibihty  is  more  acute  than  that  of  any  other  of 
the  cerebro-spinal  nerves. 

As  far  as  audition  and  olfaction  are  concerned,  there  are  no  special  effects  immedi- 
ately following  section  of  the  trifacial ;  but  there  are  interesting  phenomena  observed  in 
connection  with  the  eye  and  the  organs  of  taste. 

At  the  instant  of  division  of  the  fifth,  by  the  method  just  described,  the  eyeball  is  pro- 
truded and  the  pupil  becomes  strongly  contracted.  This  occurs  in  rabbits,  and  the  con- 
traction of  the  pupil  was  observed  in  the  first  operations  of  Magendie.    The  pupil  how 

Z'^n  J  ^  Longet  states  th'at  the 

pupil  IS  dilated  by  division  of  the  fifth  in  dogs  and  cats.  After  division  of  the  nerve  the 
lachrymal  secretion  becomes  very  much  less  in  quantity ;  but  this  is  not  the  cause  of  the 
subsequent  mflammation,  for  the  eyes  are  not  inflamed,  as  was  shown  by  Magendie  even 
after  extirpation  of  both  lachrymal  glands.  The  movements  of  the  eyebaU  are  not 
affected  by  division  of  the  fifth. 

Another  of  the  immediate  effects  of  complete  division  of  the  fifth  nerve  is  loss  of  general 
sensibility  m  the  tongue.    Most  experiments  upon  the  influence  of  this  nerve  ^ver  the  g en 
era  sensibility  and  the  sense  of  taste  in  the  tongue  have  been  made  by  divrng  the  1 
gua  branch  of  the  mferior  maxillary  division.    When  this  branch  is  irritated  fhere  are 
evidences  ot  intense  pain.    When  it  is  divided,  the  general  sensibility  and  the7ense  of 
taste  are  destroyed  in  the  anterior  third  or  half  of  the  tongue.    It  wfu  be  remembered 
however,  that  the  chorda  tympani  joins  the  lingual  brancf  of  the  fifth  L Tt  mTsts  be' 

:rof  LSif  the  T-"'  .k'i*1  '""'^  '^^^^^^  °^       faciaraho   hes  the 

sense  oi  taste  in  the  antenor  third  or  half  of  the  frmo-no     Tf  +i.„      a  ^ 

^^^^^^^ 

«pon  OM  side  stlmXln  „f  SI    l'  !f  "l"™™'".  "'^  was  diridea 

raovemenrof  f  Zi«r  T  "J^"^       """"V'-^^S  aide  l,.d  no  effect,  while 

Th.»  e  :le„? "ritatins-th.  v.Inm  upon       „„„'d  ° 

Jtemote  Effects  of  Dimsion  of  the  Trifacial  —Mi f.^-  fi.o  ^  r 
...      mh  the  e™„ia{e.,.,  ^^L^  "^^ZiSr^^, 
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r       face  and  head  ib  usually  supplemented  by  senous 
rnent  and  mucous  membvanes  f  ^  the  mucous  membranes  ol  tbo  nose 

disturbances  in  the  nutrition  of  ^^^y^'  ^  .^^Vours  to  one  or  two  days  after  the  opera- 
,nd  mouth.    At  a  period  varymg  i  om  a  le  ^^^^^^^^^  inflammation  the  cor- 

tion,  the  eye  upon  the  atl'ected  X^',,,  discharged,  and  the  organ  is  destroyed, 

nea  becomes  opaque  and  ulcerates  tl^^e  humm  ^^^^^^  ^^^^^  division  of  the  nerve 

Congestion  of  the  parts  IS  usua  ly  veYJom  ^^^^        ^^^^^^^^  „,embranes  of  tl  o 

At  L  same  time,  there  is  an   n  rea^d  disc     g  ^^^^  ,p,.  ^ 

Bose  and  mouth  upon  the  f    f     ^^^on  of  the  auditory  apparatus  follow  he  oper- 

from  fifteen  to  twenty  days  „„ticularly  in  view  of  the  information  derived  from 

One  of  the  most  interestmg         P^^^^'^J^  experiments  of  Magendie,  is  that  he 
later  observations,  in  connection  ""  t'^'Tlnch  ^s^  ^^^^^       ^''T''  ? 

noted  that  "the  alterations  m  nutrition  '^^^/^^'J.^  ^^^^  the  ordinary  way  through 
Sed  behind  the  ganglion  of  Gasser  than  when  ^^-^^^l  within  the  cranium, 

the  <ran.dion.    It  is  difficult  enough  to  divide  the  ne  f       ^^^^.^^       ^^^^-^^^^ . 

Indl  almost  hnpossible  to  make  the  ^P-^^^^^jU^^  and  accidental  in- 

-  ihertrc- 

— t  with  t^^  eli^-imr  that  we  have  made 

ever,  have  been  abundantly  verified         ^^^^^^secBtive  inflammatory  pl^enomena  n 

lege.    Ihoie  touov  ^^^^  fed      tiotwrn  conjunctiva  of  the 

sligM.  "       I  good  coBdition,  ^"1      ™"  °      Tb=  aBtoal  w.s  kept  .U™ 

„„eM  feeding  wH.  0,  the  org.BS  of  "P-f^ ' .e"  J  Lowered 

tion,  there  never  bemg  ^^^y /™  ^luch  emaciated.    Ihe  anima 

time  of  inanition,  having  becom^^^^^^^^  ^^^^  rS  cfusI of  death, 

power  over  f^.  ™-^^;^',rS mastication,  which  --^^^"..^^enerof  inflammation 
length,  interfemg  very  mu^^^  w      ^^^^^^^.^  explanation  f       ^^^^^^^^^  inflammation  in 
^-f^'^^^'^Sn  o'  '^""'"^    l  of  tr  ympathetic  connections,  • 

;;:^:^S«d  the  gan^lon.  „s  of  j^i. 

The  explanation  of  the  ij^^,  i.^on  of  the  fifth,  is  -^^^  ^^pieto  after 
'      sense,  particularly  the  eye  followmg        ^^^^       ^      „t  sen  bdny  is  J^^ 

of  this  nerve  alone ;  for,  as  ^  ^  ^^^^  ^^^^^  ganglion,  th«s^^•^«";^^^r^/^e  not  observed 
division  of  the  nerve  i'^^^f  ,  *;7^'the  lachrymal  secretion,  '^^^^^"'..posure  of  the 
are  they  explained  by  defi «  m  t  ^^^^^^  Xy  due  simply  to  an 

when  both  lachrymal  S  -^^^'^;^;,';::etion  of  the  facial  ^^-^  *  ,L  animal  died  of 
eyeball,  for  they  do  not  follow  upon  l,ave  f  .^^^mation    In  view  of 

e'nfeebled  general  -"dit^on  J^^^^^^^^^^^  ,,idences  of  inflammation, 

inanition  after  section  of  the  nerve, 
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tlie  fact  that  section  of  the  sympathetic  filaments  is  well  I^novvn  to  modify  tlie  nutrition 
of  parts  to  which  they  iiro  distributed,  producing  congestion,  increase  in  temperature,  and 
other  phenomena,  it  is  rational  to  infer  that  the  modifications  in  nutrition  which  follow 
section  of  the  fifth  after  it  receives  filaments  from  the  sympathetic  system,  not  occurring 
when  these  sympathetic  filaments  escape  division,  are  to  bo  attributed  to  lesion  of  the 
sympathetic,  and  not  to  the  division  of  the  sensory  nerve  itself. 

A  farther  explanation  is  demanded  for  the  inflammatory  results  which  follow  division 
of  the  sympathetic  filaments  joining  the  fifth,  inasmuch  as  division  of  the  sympathetic 
alone  in  the  neck  produces  shnply  exaggeration  of  the  nutritive  processes,  as  evidenced 
chiefly  by  local  increase  in  the  animal  temperature,  and  not  the  weU-known  phenomena 
of  inflammation. 

It  has  heen  remarked  by  Bernard,  that  the  "  alterations  in  nutrition  appear  more 
promptly  m  animals  that  are  enfeebled."  Section  of  the  small  root  of  the  fifth,  which 
IS  unavoidable  when  the  nerve  is  divided  within  the  cranial  cavity,  generaUy  interferes  so 
much  with  mastication  as  to  influence  seriously  the  general  nutrition ;  and  this  might 
niodify  the  nutritive  processes  in  delicate  organs,  like  the  eye,  so  as  to  induce  those 
changes  which  are  called  inflammatory.  Tlie  following  observation,  communicated  by 
Dr.  W.  H.  Mason,  Professor  of  Physiology  in  the  Medical  Department  of  the  University 
ot  Bu&alo,  is  very  striking  in  this  connection  : 

The  fifth  pair  of  nerves  was  divided  in  a  cat  in  the  ordinary  way.  By  feeding  the 
animal  carefully  with  milk  and  finely-chopped  meat,  the  nutrition  was  maintained  at  a 
high  standard,  and  no  mflammation  of  the  eye  occurred  for  about  four  weeks  The  sun- 
ply  of  food  was  then  diminished  to  about  the  quantity  it  would  be  able  to  take  without 
any  special  care,  when  the  eye  became  inflamed,  and  perforation  of  the  cornea  and 
destruction  of  the  organ  followed.  The  animal  was  kept  for  about  five  months;  at  the 
end  of  which  tnne,  sensation  upon  the  affected  side,  which  had  been  gradually  improving 
was  completely  restored.  ^  ^' 

The  explanation  we' have  to  offer  of  the  consecutive  inflammatory  effects  of  section 
ot  the  filth  with  Its  communicating  sympathetic  filaments  is  the  following  •  By  dividing 
the  sympathetic,  the  eye  and  the  mucous  membranes  of  the  nose,  mouth  and  ear  ar! 
Z  ZlZir^]""''^  ;  P^bably  raised,  and  the  pl-ocesses' oTnu^ "tL 

are  exaggeiated.  This  condition  of  the  parts  would  seem  to  require  a  fuU  suddIv  of 
nutritive  materia  from  the  blood,  in  order  to  maintain  the  condition  of  Lfgge  Led 
It^i^i '  r  ?v'^°°'  ^Poverished-probably  as  the  result  of  defilen  y  n 
fne"?e      e  1  f -t"  '  I""'  ''''''''''  ""^^^^^     mastication  upon 

view  fo  li'r  Z  "fl  The  observation  just  detailed  is  an  argument  in  favor  of  this 
IZhzed  InZ  '''''''  to  be  arrested  when  the  action  of  the 

pa  alyzed  muscles  was  supplied  by  careful  feeding.    With  this  view,  the  disorders  of 

animahaI-?noIi''1-'''  ^''f^'^^'^  of  experiments  upon  the  fifth  pair  in  the  lower 

ve  in  the  bn  v  '  .  remembered  that,  in  cases  of  paralysis  of  the 

les  in  1,  .  "^^"^^  P°^^'^^^  t°  exactly  the  seat  of  the 

ZlTln    TTT-  '"lY       ''''''''  '^'^"^  -  'l'-<ied  by 

tinni  '^^'"^  "'"''^  """'^'^  ^*  sometimes  occurs  that  the  phenomena  nar- 

t.cn  arly  those  of  modified  nutrition,  are  more  or  less  contradictory  '  ^ 

the  fi^'ftr^  T°  P^^«^°'°-y'  ^«         references  to  cases  of  paralysis  of 

olT^    1    "  "  Dr.  II.  D.  Noyes  Professo  of 

1  thivf  "  f-^^«"--  Hospital  Medical  College,  two  interestfng  cases  a"  re- 
n  t  h  „  '"\r  "PP^'-*"^ y  «f  '"'-S  during  the  progress  of  treatment 

,       t'"'^^  ''"^e^  there  was  inflammation  of  the  eye.    In  one  c'.se  tlie  tnZT 
entirely  insensible  upon  one  side,  but  there  was  no  impafrment  Si:^^:^^'  71 
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.  ,  the  fact  that  an  operation  upon  the  eyelid  of 

interesting  feature  in  one  oi  ^1-  ti.  ]        ^^.^J^  ^,  the  part  of  the 

the  alicctod  bide  was  pertormed  witliout  tnc  b 

patient.  ,     „„^,    . ,         ^.umm  subject  in  the  main  confirm  the 

Oases  of  paralysis  of  ^'l^l^^JZ^,    In  ill  the  cases  in  which  the  filth 
results  of  exporin.ents  upon  tfie  ntouu    an  ,  ^^^^     ^^^^  ^ 

nerve  alone  was. involved  m  '^^^'^^^f^,  xnovLents  of  the  superficiaUnuscles 
was  simply  loss  of  sensib.h  y  ^P?^  J^/^^^^^^^^^^^  ,as  involved,  the  muscles  oi  mast.- 
of  the  face  being  unaffected,    ^hon  the  sma  ^^^^^         .^^^  ^^.^  ^^^^  ^ 

cation  npon  one  side  were  P';-!^-'^  ^^^^^^'^^^         l.earing,  and  smell,  except  as  they 

there  was  no  muscular  P^^Jy^^^,  J^^n  ^ere  Uttle  if  at  all  disturbed  in  uncompb- 
,vere  affected  by  consecutive  mtiammaUon  w^  ^^^^  ^^^^^^^  .v as  perfect 

cated  cases.    The  sense  of  taste  '^^.^^  tympani,  or  the  lingual  branch 

except  in  those  cases  in  winch  ^^^/^^^^^^^^^fj,:  tyn.pani,  was  involved  in  the  d.sease. 
of  the  fifth  after  it  had  been  J"  b.^^*^°  fte  nutrition  of  the  organs  of  special  sense ; 
m  some  cases,  there  was  no        '^^"^^^^^.^  sea^^  of  the  lesion  are  not  so  satisfactory 

hut  in  this  respect  ^^t^^^Z,  difiicult,  in  most  of  them,  to  hm.t 

as  in  experiments  upon  tue  lowoi 

the  exact  boundaries  of  the  lesion. 

^..n..a.W.      Far  T...n  ^.^^  iSeeon,  n.isio.  of  E.,UU 

0.  an  the  nerves  emerging  from  -  ^cram.  .vit^^  ^Z^^^^^ 
division  of  the  eighth  pan-,  P-^^*^  .  f  ^^^ntlsting  functions.  Arising  from  the 
remarkable  course,  and  the  communicates  with  at  least  five  motor 

medulla  oblongata  by  a  purely  sensm  y    oot      c  ^^^^^^  ^^^^^ 

=c1ions  of^:hich  there  has  been  so  much  dr^- 

-^tSZ.  fo  treat  of  the  f  ^  tJ^t^^^ 
tion,  the  heart  and  circxdatory  ^^f^^^^^^  production  to  this  study  is  a  descup- 
and  various  glandular  organs.    An  ma,  i 
tion  of  its  physiological  anatomy. 

.,.,v  nerm  —The  apparent  origin  of  the 
mvnolo,io.l  Anatomy  of  ^'-/-XT^f  the  m  duha  oblongata,  .i-t  behind  Uie 

tafourairectiom.  The  »  „„,,„  body,  but,  turmiig  bet"' n„  „„  lost. 
ci.ll,  ™d  directed  towa.a  ^  ob,  J^^^      ^^^^  re.tiform  bod^  m J^-j  J^stifom 

body  to  the  floor  of  the  fourth  vent, icie. 
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descend  in  the  substance  of  the  medulla.  It  is  ditKcult  to  follow  the  fibres  of  origin  of 
the  pneuinogastrics  beyond  the  median  line ;  but  recent  observations  leave  no  doubt  ol 
the  fact  that  many  of  these  fibres  decussate  in  the  fioor  of  the  fourth  ventricle. 

There  are  two  ganglionic  enlargements  belonging  to  the  pneumogastric.  In  the 
jugular  foramen,  is  a  well-marked,  grayish,  ovoid  enlargement,  from  one-sixth  to  one- 
fourth  of  an  inch  in  length,  called  the  jugular  ganglion,  or  the  ganglion  of  the  root. 
This  is  united  by  two  or  three  filaments  with  the  ganglion  of  the  glosso-pharyngeal. 
It  is  a  true  ganglion,  containing  nerve-cells.  vVfter  the  nerve  has  emerged  from  the  cra- 
nial cavity,  it  presents  on  its  trunk  another  _ 
grayish  enlargement,  from  half  an  inch  to  an 
inch  in  length,  called  the  ganglion  of  the  trunk. 
This  is  of  rather  a  plexiform  structure,  the 
white  fibres  being  mixed  with  grayish  fibres 
and  nerve-cells.  The  exit  of  the  nerve  from 
the  cranial  cavity  is  by  the  jugular  foramen,  or 
posterior  foramen  lacerum,  in  company  with 
the  spinal  accessory,  the  glosso-pharyngeal,  and 
the  internal  jugular  vein. 

Anastomoses. — The  filaments  of  communi- 
cation which  the  pneumogastric  receives  from 
other  nerves  are  interesting  from  their  great 
importance  and  their  varied  sources.  The 
most  important  of  these  is  the  branch  from 
the  spinal  accessory.  There  are  occasional 
filaments  of  communication  which  pass  from 
the  spinal  accessory  to  the  ganglion  of  the  root, 
but  these  are  not  constant.  After  both  nerves 
have  emerged  from  the  cranial  cavity,  an  im- 
portant branch  of  considerable  size  passes 
from  the  spinal  accessory  to  the  pneumogas- 
tric, with  which  it  becomes  closely  united. 
Experiments  have  shown  that  these  filaments 
from  the  spinal  accessory  pass  in  great  part  to 
the  larynx  by  the  inferior  laryngeal  nerves. 

In  the  aquaaductus  FaUopii,  the  facial  nerve 
gives  off  a  filament  of  communication  to  the 
pneumogastric  at  the  ganglion  of  the  root. 
This  filament,  joined  at  the  ganghon  by  sen- 
sory filaments  from  the  pneumogastric  and 
some  filaments  from  the  glosso-pharyngeal,  is 
called  the  auricular  branch  of  Arnold.  By 
some  anatomists  it  is  regarded  as  a  branch 
fron:  the  facial,  and  by  others  it  is  described  with  the  pneumogastric. 

Iwo  or  three  small  filaments  of  communication  pass  from  the  sublingual  to  the  gan- 
ghon of  the  trunk  of  the  pneumogastric. 

At  the  ganglion  of  the  trunk,  the  pneumogastric  generally  receives  filaments  of  com- 
munication from  the  arcade  formed  by  the  anteriqi-  branches  of  the  first  two  cervical 
nerves.    These,  however,  are  not  constant. 

The  pneumogastric  is  connected  with  the  sympathetic  system  by  numerous  delicate 
hlamcnts  of  communication  received  from  the  superior  cervical  ganglion,  passing  in  part 
upward  toward  the  ganglion  of  the  root  of  the  pneumogastric,  and  in  part  transversely 
ana  downward.  These  filaments  are  frequently  short,  and  tliev  bind,  as  it  were,  the 
•-jmpathetic  ganglion  to  the  trunk  of  the  nerve.    The  main  trunk  of  the  pneumogastric 
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3-  facial  nerve ;  2,  sloBso-pharyngeal  nerve  ;  2'.  anas- 
tomoses of  the  glosso-pharyngeal  with  the  facial; 
3,  pneumogastric,  with  its  two  ganglia;  4,  4, 
spinal  accessory ;  5.  sublingual  nerve ;  6,  superior 
cervical  ganglion  of  the  sympathetic;  7,  anasto- 
mose arcade  ofthejirst  two  cervical  nerves;  8, 
carotid  branch  of  the  superior  cervical  ganglion 
of  the  sympathetic;  !),  nerve  of  Jacobson ;  10, 
branches  of  this  nerve  to  the  sympathetic;  11, 
branch  to  the  Eustachian  tube  ;  12,  branch  to  tho 
fenestra  ovalis;  13,  branch  to  the  I'enestra  rotunda  ; 
14,  external  deep  petrous  nerve;  15,  internal  deep 
petrous  nerve;  IC,  otic  ganglion;  17,  auricular 
//ranch  of  tlie  pneumogastric ;  18,  anastomosis 
of  the  jmeumogastric  lolth  thespinal  accessor;/ ; 
19,  anastomosis  of  the  pneumogastric  with  the 
svhlingual ;  20,  anastomosis  of  the  spinal  acces- 
sory with  the  second  pair  of  cervical  nerves ;  21, 
pharyngeal  plexus  ;  22,  superior  laryngeal  nerve. 
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f     ,i„r,oflto  filaments  of  communiciition  from  the  middle  and 
nntl  its  branches  receive  a  few  delicate  niamenih  oi  ^ 
;^,tlrvicaianatheupperc.^a^n,^^^^ 

The  pneumogastrictreciuently  ends  a  ye  y    ^^^^^^^^^^  ^^^^^^  ^^^^  pneumogustric  jou. 

nerve,  at  or  near  the  ganghon  ot  ™;      ,  „nd  the  sympathetic,  to  form 

branches  from  the  glosso-pharyngeal,  the  spmal  aoctsso  y, 

the  pharyngeal  P^'^'^"^-       ,        ^he  very  extensive  distribution  of  the  pneumogastrics, 
I)istril>uUon.-la  'l'^^^  f        .^J,^,        present  any  important  differences  m  he 
.hile  the  nerves  -l-;)^  Z\o.,      ^l,e  diaphragm,  it  will  be  seen  that  the 

destination  ot  then-  fil'^^"*^  ^  .^^^^  „ost  important  branches  are  the  iollowing : 

abdominal  branches  are  not  the  same,  i  .   ,     ,  , , 

"  5.  Cardiac,  cervical  and  thoracic. 

1.  Auricular.  ^  Pnlmouary,  anterior  and  posterior. 

2.  Pharyngeal.  ^-  (Esophageal. 

3.  Superior  laryngeal.  Abdominal. 

4.  Inferior,  or  recurrent  laryngeal. 


spinal  nccesson-;  18.19. 
[pathetic  ganglia. 
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The  auricular  nerves  are  sometimes  described  in  connection  with  the  facial.  They 
are  given  oil'  from  the  ganglion  of  the  trunk  of  the  pneumogastric,  and  are  composed  of 
filaments  of  communication  from  the  facial  and  from  the  glosso-pharyngeal,  as  well  as 
of  tilaments  from  the  pneumogastric  itself  The  nerves  thus  constituted  are  distributed  to 
the  integument  of  the  upper  portion  of  the  external  auditory  meatus,  and  a  small  filament 
is  sent  to  the  mcmbraua  tympaui. 

The  pharyngeal  nerves  are  very  remarkable  in  their  course.  They  arc  given  off  from 
the  superior  portion  of  the  ganglion  of  the  trunk  and  contain  a  large  number  of  the  fila- 
ments of  communication  which  the  pneumogastric  receives  from  the  spinal  acce.ssory. 
In  their  course  by  the  sides  of  the  superior  constrictor  muscles  of  the  pharynx,  these 
nerves  anastomose  with  numerous  filaments  from  the  glosso-pharyngeal  and  the  superior 
cervical  ganglion  of  the  sympathetic,  to  form  what  is  known  as  the  pharyngeal  plexus. 
The  ultimate  filaments  of  distribution  pass  to  the  muscles  and  the  mucous  membrane  of 
the  pharynx.  Physiological  experiments  have  shown  that  the  motor  influence  transmitted  I 
to  the  pharyngeal  muscles  through  the  pharyngeal  branches  of  the  pneumogastric  is  I 
derived  from  the  spinal  accessory. 

The  superior  larsoigeal  nerves  are  given  off  from  the  lower  part  of  the  ganglion  of  the 
trunk.  Their  filaments  come  from  the  side  opposite  to  the  point  of  junction  of  the  pneu- 
mogastric with  the  commimicating  branch  from  the  spinal  accessory,  so  that  probably 
the  superior  laryngeals  contain  few  if  any  motor  fibres  from  this  nerve.  The  superior 
laryngeal  gives  off  the  external  laryngeal,  a  long,  delicate  branch,  which  sends  a  few  fila- 
ments to  the  inferior  constrictor  of  the  pharynx  and  is  distributed  to  the  crico-thyroid 
muscle  and  the  mucous  membrane  of  the  ventricle  of  the  larynx.  The  external  laryngeal 
anastomoses  with  the  inferior  laryngeal  and  with  the  sympathetic.  The  internal  branch 
is  distributed  to  the  mucous  membrane  of  the  epiglottis,  the  base  of  the  tongue,  the  aryt- 
eno-epiglottidean  fold,  and  the  mucous  membrane  of  the  larynx  as  far  down  as  the  true 
vocal  cords.  A  branch  from  this  nerve,  in  its  course  to  the  larynx,  penetrates  the  aryte- 1 
noid  muscle,  to  which  it  sends  a  few  filaments,  but  these  are_  all  sensory.  This  branch  I 
also  supplies  the  crico-thyroid  muscle.  It  anastomoses'with  the  inferior  laryngeal  nerve. 
An  important  branch,  described  by  Oyon  and  Ludwig,  in  the  rabbit,  under  the  name  of 
the  depressor-nerve,  arises  by  two  roots,  one  from  the  superior  laryngeal  and  the  other 
from  the  trunk  of  the  pneumogastric,  passes  down  the  neck  by  the  side  of  the  sympa- 
thetic, and,  in  the  chest,  joins  filaments  from  the  thoracic  sympathetic,  to  penetrate  the 
heart  between  the  aorta  and  the  pulmonary  artery.  This  nerve  will  be  referred  to  more 
particularly  m  connection  with  the  influence  of  the  pneumogastrics  upon  the  circulation. 

It  is  important,  from  a  physiological  point  of  view,  to  note  that  the  superior  laryngeal 
nerve  is  the  nerve  of  sensibility  of  the  upper  part  of  the  larynx,  as  well  as  of  the  supra- 
laryngeal  mucous  membranes,  and  that  it  animates  a  single  muscle  of  the  larynx  (the 
crico-thyroid)  and  the  inferior  constrictor  of  the  pharynx. 

The  inferior,  or  recurrent  laryngeal  nerves  present  some  slight  differences  in  their 
anatomy  upon  the  two  sides.  Upon  the  left  side,  the  nerve  is  the  larger  and  is  given  off 
at  the  arch  of  the  aorta.  Passing  beneath  this  vessel,  it  ascends  in  the  groove  between 
the  trachea  and  the  oesophagus.  In  its  upward  course,  it  gives  off  certain  filaments 
which  join  the  cardiac  branches,  filaments  to  the  muscular  tissue  and  mucous  membrane 
of  the  upper  part  of  the  oesophagus,  filaments  to  the  mucous  membrane  and  the  inter- 
cartdaginous  muscular  tissue  of  the  trachea,  one  or  two  filaments  to  the  inferior  con- 
strictor of  the  pharynx,  and  a  branch  which  joins  tjie  superior  laryngeal.  Its  terminal 
branches  penetrate  the  larynx,  behind  the  posterior  articulation  of  the  thyroid  with  the 
cricoid  cartilage,  and  are  distributed  to  all  of  the  intrinsic  muscles  of  the  larynx  except 
the  crico-tliyroids,  which  are  supplied  by  the  superior  laryngeal.  Upon  the  right  side 
tne  nerve  winds  from  before  backward  around  the  subclavian  artery,  and  it  has  essen' 
tmlly  the  same  course  and  distribution  as  upon  the  left  side,  except  that  it  is  smaller  and 
Its  tilaments  of  distribution  are  not  so  numerous. 
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TUo  .npo,.tant  physiological  ^int  ^^Z'^^^^X- 

^^-^^^^0^^^^^^^^:;^:;^%,.  ^.o.al  carmac  branches  are 

^''^bf  rterirpulmo^      branches  are  few  and  delicate  as  compared  with  the  posterior 

1  i.he;  They  a  ^  given  off  below  the  origm  of  the  thoracic  cardiac  branches  send  a 
branches.  J^ey  aie  g  ^^^.^^^  ^^^^^^^^^^  ,^^,3 

ind  Xs  tl^btnci^^^^^^^  its  tern^inations  in  the  ai.-cells.  The  posterior  pulmonary 
J  Jnll  s "tCr  and  more  numerous  than  the  anterior.    They  -  ^^^^ 

'  irsympathetic  maments  from  the  upper  three  or  four  ^angha  and  t,^n  o^^^^^ 

The  great  posterior  pulmonary  plexus.    From  this  plexus  a  few  ^'-^'^^f'^^^'^^^^^^ 
Tov  and  posterior  portion  of  the  trachea,  a  few  pass  to  J^^^;---^^ 

-  ^^^^^ 

memDmM,  and  not  to  the         of  the  blood-vessels  ,„d  below 

Tb,  «.opb..o.l  b-nebe.  t^e  Jf.^ ^^^^^^^^^  -opba- 

^:,&^ent:»ts      d«r.oib.  to  .l,e  ™.col„  .,.s.e  .„d  tbe  »oe.„s 

Cpo.  the  left  side,  the  «e.-.e,  wh.eh  I's  n  lbe  .Me„e„, 

Stomaeh,  immedmtoly  after  .Is  P'»»^t''*°, tripled  to  tbe  mn.cd.r  w.U.  .nd  tbe 
divides  ioto  ».o.ero»s  br.oebes  "J^/^^"^^^^        ,h.  lesser  curtate,  they 

=rrdd:::5L:rdtf'S 

side  and  with  the  sympathetic.  „<•  the  oesouhaaeal  opening  of  the  dia- 

The  right  pneumogastric,  situated  P««t«7  f' f/^^^^^^^^  of  the 

pbragm,  sends  a  few  filaments  to  ^^^f  :teTive  sp'en,  kidneys,  suprarenal 
ttomach,  passes  backward,  and  ^^^  '^'^^''^^^^^^^  The  branches  to  the  small  intes- 

capsules,  and  finally  to  the  whole  of  the  ^-^^  ^  ^^^^^  I860,  by  Kollmanu,  in  an 

tine  are  very  important.    These  were  accurately  des<^"^«^  the  distribution 

elaborate  and  beautifully-illustrated  P-e-s-^"  .^^  ^^ete  .ery  numerous.  Accord- 
of  this  nerve,  it  is  seen  that  the  branches  to  the  "^^^s^'^^^^^  piumogastric  itself  and 
ing  to  these  researches,  the  branches  ^^'^'^'^  ^^^^l^l^^^ 

tote         — - — °' 

right  and  the  left  pneumogastric. 

Properties  and  Functions  of  the  Pn.umoc,a.tHe  , 
■      There  is  no  L,  in  tbe  body  tb.t  -  ^  tirSr,:™"^^ 

rrr^profTtrir-r:::^ — ti.  «itb di^es.™,  tbe  re.,.ir.,- 
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tory,  and  the  circulatory  system,  ami  the  evident  importance  of  its  relations,  liave  ren- 
dered the  literature  connected  with  its  physiology  somewhat  redundant.  We  do  not 
propose  to  discuss  in  full  all  of  the  views  entertained  from  time  to  tiino  with  regard  to 
its  functions,  but  shall  state  merely  what  seem  to  be  well-ascertained  facts,  and  the  most 
reasonable  inferences,  where  the  facts  are  difficult  of  demonsti'ation.  In  treating  of  the 
functions  of  this  nerve,  wo  shall  bo  compelled  to  make  constant  reference  to  its  anatomy, 
and  for  that  reason  we  have  described  pretty  fully  in  detail  most  of  the  important  points 
in  its  connections  and  distribution. 

Although  the  extensive  distribution  of  the  pneumogastrics  and  their  importance  will 
necessitate  a  long  discussion  of  their  physiology,  we  shall  endeavor  to  separate  the  points 
to  be  considered  distinctly,  and  to  simplify  the  subject  as  much  as  possible. 

"We  shall  first  treat  of  the  general  properties  of  those  filaments  derived  from  the  true 
roots  of  the  nerves,  and,  following  them  in  their  course,  shall  note  the  properties  derived 
from  their  connections  with  other  nerves. 

We  shall  then  treat  of  the  properties  of  the  different  branches  of  the  nerves,  under 
distinct  heads,  taking  up  these  branches  as  they  are  given  oflT,  from  above  downward.  In 
this,  we  shall  consider  first  the  properties  and  functions  of  the  auricular  branches ;  next, 
the  pharyngeal  branches,  with  their  influence  upon  the  action  of  the  pharynx  in  deglu- 
tition; next,  the  superior  and  inferior  laryngeal  branches,  with  their  relations  to  the 
physiology  of  the  larynx ;  next,  the  cardiac  branches,  with  their  influence  on  the  move- 
ments of  the  heart  and  the  circulation ;  next,  the  pulmonary  branches,  with  the  function 
of  the  nerves  in  connection  with  respiration ;  next,  the  oesophageal  branches,  in  connec- 
tion with  the  influence  of  the  nerves  upon  the  action  of  the  oesophagus,  in  deglutition  ; 
and  finally,  the  abdominal  branches,  with  the  influence  of  the  nerves  upon  digestion  and 
the  functions  of  the  abdominal  viscera.  By  dividing  up,  in  this  way,  the  action  of  the 
pneumogastrics,  it  is  hoped  that  their  physiology  may  be  relieved  of  much  of  the  com- 
plexity in  which  it  is  apparently  involved. 

General  Properties  of  the  Roots  of  Origin  of  tTie  Pneumogastrics.-~A\\  who  have  oper- 
ated upon  the  pneumogastrics  in  the  cervical  region  in  living  animals  have  noted  their 
exceedingly  dull  sensibility  as  compared  with  the  ordinary  sensory  nerves.  Bernard, 
indeed,  states  that  in  this  region  they  are  generally  insensible ;  but  we  have  usually  found] 
in  dogs  at  least,  that  their  division  is  attended  with  slight  evidences  of  pain.  Without 
citing  in  detail  all  the  experiments  upon  this  point,  it  is  sufficient  to  state  that  some 
physiologists,  on  galvanizing  or  otherwise  irritating  the  roots  of  the  nerves  in  animals  just 
killed,  have  noted  movements  of  the  muscles  of  deglutition,  of  the  OBSophagns,  and  of  the 
muscular  coats  of  the  stomach.  These  experiments  have  led  to  the  opinion  that  the 
proper  roots  of  the  nerves  are  motor  as  well  as  sensory.  It  becomes,  therefore,  a  difficult 
as  well  as  an  important  point  to  determine  whether  or  not  the  roots  be  of  themselves 
exclusively  sensory  or  mixed.  In  discussing  the  properties  of  the  roots,  we  shall  rely 
almost  entirely  upon  direct  experiments ;  although  the  arguments  drawn  from  their 
anatomical  characters,  in  the  presence  of  ganglia  and  the  deep  origin  of  their  fibres, 
point  strongly  to  their  sensory  character.  It  is  impossible  to  stimulate  the  roots,  before 
they  have  received  motor  filaments  from  other  nerves,  in  living  animals,  and  the  experi- 
ments are  therefore  made  upon  animals  just  killed,  before  the  nervous  irritability  has  dis- 
appeared. If  tbe  true  roots  of  the  nerves  be  exclusively  sensory,  their  galvanization  in 
animals  just  killed  should  produce,  by  direct  action,  no  muscular  contraction.  If  the 
roots  contain  any  motor  filaments,  contraction  of  muscles  should  follow  their  stimula- 
tion.   The  proper  physiological  conditions  in  such  experiments  are  the  following  : 

1.  It  is  necessary  to  stimulate  the  roots  so  that  the  filaments  from  the  spinal  accessory 
and  from  other  motor  nerves  are  not  involved. 

2.  It  is  important  to  ascertain,  provided  movements  follow  such  irritation  whether  or 
not  they  be  due  to  reflex  action. 
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„c;iv  fiiHilled     All  tliut  is  necessary  is  to  stimulato 
The  first  of  these  conchnons  .s  ea.  ly  ^        J^^,,  ,  ,,,-.a  contrac- 

tho  roots  before  the  ^^^^es  have  rece.vcd  any  an  ^  ^^^^^  ^^^^     ^^.^^^^^^^  ^^^^.^ 

tions  of  muscles  due  to  f  A^^^^'j'"^'  i^^^i^^  of  the  distal  extremities  of  the  roots-the 
distal  portion.    If  :t  ^totrcommunicating  filaments  from  motor  nerves,  and 

irritation  so  applied  us  not  ^o  m  ^^^^^  niovements  through  other  nerves^ 

not  to  be  conveyed  to  the  l     .      ^^^^^^e  that  the  true  filaments  of  ong^ 

does  not  produce  any  ^^^f ^  ^P^^^^^^^^      --^""^  ^'^^  ''''''''  ''''''  V  '"S  ' 

experiments,  made  before  the  mechan.sm  ot  reflex 

action  had  been  ^'^^'f  «f  "^^J^.'^J^cepted  without  reserve,  they  prove-as  conclusively 
If  the  experiments  of  ^^^^f ^^^^'^  V.ng  animals,  an  operation  .vhich  is  imprac- 
as  is  possible  without  exposing  the  '  ^^^^^g^.trics  are  exclusively  sensory, 

ticable-that  the  true  filaments  of  ^^^^^^  ^     ^  those  derived  from  other 

or,  at  least,  that  the  nerve  l^f'^^Z'^^l^^Tv^^^^  in  these  experiments: 
nerves.    The  followmg  .^l-t^^^/'^^^  ^^^e  plated  in  the  cranium,  with  the  most 
"In  dogs  of  large  size  -f^lX^diSL  oU^^^^^^  and  the  superior  filaments  of 
minute  care,  the  pneumogastnc  of  the  ^^^2r      avoid  all  reflex  movement  and  any 
the  spinal  accessory  (^^^^ /^^^^d  n"  ve      then  immedia^ 

derivative  current  upon  the  ^^  2ToZn  of  he  pneumogastric,  without  having  ever 

,nents,  howit  is  easy  to  obtain  ^PP^*^  T^^^^P  of  g  at  or  oiled  s^^^  which  serves  to 
suffices,  for  example,  to  ^^^^^f  immediately  upon  the  superior 

isolate  the  two  nerves,  in  order  marked  contractions  in  the  organs 

filaments  of  the  spinal  accessory,  from  which  we 

just  mentioned."  „.,pincive    In  treating  of  the  reflex  phenomena  of 

These  experiments  seem  entirely  J^Ve^of  the  pneumogastric,  the  pharyn- 

deglutition  and  their  relations  to  ^  ^i^  S  urStation,  either  of  these  nerves  or 

geal,  and  the  superior  laryngeal,  it  will  "^^^^  ted  will  produce  contractions  m  the 
of  tie  mucous  membranes  to  which  they  ^^^^f  ^J^^^^^^^^^  electricity  to  the  nerve, 
muscles.  All  who  are  Vrf^^^'^^-^'^  ^^^^^^^  so  as  to  avoid  the  influence  of 

know  how  difficult  it  is  to  '^^^f'^^'^''^^^^^  of  Longet,  it  seems  that  aU 

"derived"  currents.    In  carefully  studying  the  ex  ^^^^^ 
the  physiological  conditions  were  ^fi^ed  and 

root  and  the  stimulation  is  applied  P^'^^^.^     ^^^.l.i.ed  to  prevent  the  propagation 

ft-om  the  nervous  centres,  and  -^^^^.^^^^^e  l.euniogastric,  the  nerve,  from  its  origm 
of  the  current  to  the  motor  ^^^^^^^^^^^^^^^^^^  contains  no  motor  filamen  s  and  « 

at  the  medulla  ohlongata  to   ^^^^^^  ^'^^^^^  reserve,  the  conclusions  of  Longet, 

exclusively  sensory.  ^ ?  foT  lie  pneloga Us  are  exclusively  sensory,  or,  at  least, 
that  the  true  filaments  of  origin  of  the  pneumog 

.,,...e..»e  no  .0.0,  proper..  .o  - 

They  are  sometimw  aesonbed                      '  „„„ric.  and  fl,e  elo»f' 

T,,.^  cootalo  «..™at.  t-J'^^^^^^^^^^^^  ,„  t„.  .PPer  P."  »'  e*r«- 

The  sensory  filaments  of  these  nerves  g 

SitoT-eatus  and  the  membrana  tympana  .                             ,  . 

T  Tj       _The  pharyngeal  branches  of 

Properties  a.nl  Funetio..  of  tU  Pn^ry^  f^rv.^         derived  from  the  spinal 
the  pneumogastric  are  mixed  nerves,  their  moto 
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accessory.  Thoir  direct  action  upon  tlio  muscles  of  deglutition  belongs  to  tlie  pliysiologi- 
ciJ  liistory  of  the  last-named  nerve.  We  have  already  stated,  in  treating  of  the  spinal 
accessory,  that  the  filaments  of  communication  that  go  to  the  pharyngeal  branches  of  the 
pncumogastric  are  distributed  to  the  pharyngeal  muscles. 

It  is  impossible  to  divide  all  of  tlie  pharyngeal  filaments  in  living  animals  and  observe 
directly  how  far  the  general  sensibility  of  the  pharynx  and  the  reflex  phenomena  of 
deglutition  are  influenced  by  this  section.  As  far  as  we  can  .judge  fi'om  the  distribution 
of  the  filaments  to  the  mucous  membrane,  it  would  seem  that  they  combine  with  the 
pharyngeal  filaments  of  the  fifth,  and  possibly  with  sensory  filaments  from  the  glosso- 
pharyngeal, in  giving  general  sensibility  to  these  parts. 

In  some  recent  experiments  by  Waller  and  Prevost,  upon  the  reflex  phenomena  of 
deglutition,  it  is  shown  that  the  action  of  the  pharyngeal  muscles  cannot  be  excited  by 
stimulation  of  the  mucous  membrane  of  the  supra-laryngeal  region  and  the  pharynx,  after 
section  of  the  fifth  and  of  the  superior  laryngeal  branch  of  the  pneumogastric.  This 
would  seem  to  show  that  the  pharyngeal  branches  of  the  pneumogastrics  are  of  little  or 
no  importance  in  these  refiex  phenomena. 

Properties  and  Functions  of  the  Superior  Laryngeal  Nenes.—lhe.  distribntion  of 
these  nerves  points  to  a  double  function  ;  viz.,  an  action  upon  the  crico-thyroid  muscles, 
and  the  important  office  of  supplj-ing  general  sensibility  to  the  upper  part  of  the  larynx 
and  a  portion  of  the  surrounding  mucous  membrane.  The  stimulation  of  these  nerves 
produces  intense  pain  and  contraction  of  the  crico-thyroids ;  but  it  has  been  shown 
by  experiment  that  the  arytenoid  muscles,  through  which  the  nerves  pass,  receive  no 
motor  filaments.  The  action  of  the  nerves  upon  the  muscles  is  very  simple,  and  resolves 
itself  into  the  function  of  the  crico-thyroids,  which  has  been  treated  of  fully  under  the 
head  of  phonation.  When  these  muscles  are  paralyzed,  the  voice  becomes  hoarse.  The 
filaments  to  the  inferior  muscles  of  the  pharynx  are  few  and  comparatively  unimportant. 
It  is  important  in  this  connection  to  note  that  the  superior  laryngeals  do  not  receive  then- 
motor  filaments  from  the  spinal  accessory. 

The  sensory  filaments  of  the  superior  laryngeals  have  important  functions  connected 
with  the  protection  of  the  air-passages  from  the  entrance  of  foreign  matters,  particularly 
m  deglutition,  and  are  farther  concerned,  as  we  shall  see,  in  the  reflex  action  of  the  con- 
strictors of  the  pharynx.  In  treating  of  deglutition,  we  have  fnlly  discussed  the  impor- 
tance of  the  exquisite  sensibility  of  the  top  of  the  larynx  in  the  protection  of  the  air- 
passages.  When  both  superior  laryngeals  have  been  divided  in  living  animals,  liquids 
often  pass  mto  the  larynx  in  small  quantity,  owing  to  the  absence  of  the  reflex  closure 
of  the  glottis  wlien  foreign  matters  are  brought  in  contact  with  its  superior  surface,  and 
the  occasional  occurrence  of  inspiration  during  deglutition. 

Aside  from  the  protection  of  the  air-passages,  the  superior  laryngeal  is  one  of  the 
sensory  nerves  through  which  the  reflex  acts  in  deglutition  operate.  There  are  certain 
parts  which  depend  for  their  sensibility  entirely  upon  this  nerve  ;  viz.,  the  mucous  mem- 
brane of  the  epiglottis,  the  aryteno-epiglottidean  fold,  and  the  larynx  as  far  down  as 
the  true  vocal  cords.  When  an  impression  is  made  upon  these  parts,  as  when  they 
are  touched  with  a  piece  of  meat,  regular  and  natural  movements  of  deglutition  ensue. 

ihe  experiments  made  by  galvanizing  the  trunks  of  tlie  superior  laryngeal  nerves  are 
extremely  interesting.  If  the  nerves  be  divided  and  galvanization  be  applied  to  their 
central  ends,  movements  of  deglutition  are  observed,  an^l  there  is  also  arrest  of  the 
aehon  of  the  diaphragm.  From  these  experiments,  it  would  seem  that  the  impression 
J^nich  gives  rise  to  the  movements  of  deglutition  aids  in  protecting  the  air-passages 
rem  the  entrance  of  foreign  matters,  by  temporarily  arresting  the  inspiratory  act  ( 

An  important  point  for  our  consideration,  in  this  connection,  is  the  action  "of  the' 
uper.or  laryngeal  nerves  in  the  ordinary  phenomena  of  deglutition  ;  and,  in  experiments 
in  galvanism,  a  feeble  current  simulates  most  nearly  the  natural  jirocesses    In  such 
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1.  1       T  n««  nnUfi  Hfitisfactorv.    The  experiments  in  wliich  a  powi.j 
experiments  the  results  have  ^een  qu  e  at.  tac  or^^  I  ^^.^.^^^     ^.^  J 

ration  ;  but .  .s  ba  -         ^^J^  j.ave  been  found  to  act 

geals  under  theBo  ^^^^^^^^  true ;  but  it  is  well  known  that,  in  living  aniu.als 
in  the  same  way.    ^ ^the  acutely  sensitive  nerves  arrest  respiration,  and 
strong  ^^Vy^'^'^^f'^^'^tZL^^^  observed  in  animals  struggling  under  painM 

that  this  is  one  ol_  '^'f^^^^^^^^^^^  to  discuss  more  fully  the  numer- 

operations.  J-;;- ^^^^^^^^^^  t^S^  effects  upon  respiration  of  stimulation  of  the  superior 
ous  experiments  with  io„aia  lo  demonstrated  that  an  impression  made 

laryngeals;  and  "-"J^^tt  Iv"  ^^^^^      occurs  in  the  ordinary  process  of 

7ZZTZ^  2:lX:^^on  of  the  constrictors  of  the  pharynx,  ..i, 
tt:r;  Cmo—  suspends  the  the  action  of 

raents  will  be  fuUy  discussed  in  connection  with  the  caimac 

,   r,  tl,  Tn-ferior  or  Recurrent  Laryngeal  Nerves.— Tht,mM 

Properties  and  Functions       the  ^^''^ 
anatomical  distribution  of  these  -^^-^^^l^^^f^       '"^^Z.  which  are  given  off  in  the 
nected  with  the  muscles  of  the  l^vynx-    J  e  few  ^'^^  .,3  to  note, 

neck  to  join  the  cardiac  branches  are  probably  not  ^crj  ^^^^^^ 
however,  that  the  inferior  laryngeal  ^^-^^^J^J^^^^X  ^ud  one  or  two  branches  are 
brane  of  the  upper  part  of  the  -"P^;,^;  ^^^^  T  etn^^^   of  these  filaments  is  suffi-,  , 
sent  to  the  inferior  constrictor  of  the  phaiynx.  ^  . 

ciently  evident.  .  ■fiinmeuts  iudging  from  their  distribu- 

The  inferior  laryngeal  -ntain  clnefly  mo^  filam^^^^^^      g  g  experimented  upon 

tion  as  well  as  from  the  effects  of  ^--t^^^^^^^^^^^  ^  ^.^^       stimulated  or  divided, 

these  nerves  have  noted  little  '^^iZToi  i^^^^^^^^^     -  -nnected  with  the  produc- 
One  of  the  most  important  f'^^°^'°^%°f,.*"         of  the  mechanism  of  the  voice  and 
tion  of  vocal  sounds.    We  ^^-^  f  "-/[.f  l^.^^f  1^^^  in  our  account  of  the  physiology 
the  action  of  the  intrinsic  muscles  of  [^^    '^^ ,i  accessory  to  the  pneumogas- 

of  the  internal,  or  communicating  branch    om  the  P  ^^^^  ^^^^^ 

trie,  it  has  been  shown  that  this  is  f  XVces  ory  were  fully  understood,  the 
upon  physiology,  before  the  functions  of  he  spinal  ac  y  ^^^^^  ^  ^^^^  ^^^.^  ^ 
experiments  upon  the  inferior  laryngea  s  led  to  he  op  ^.^^^  . 

phonation,  as  they  showed  loss  of  voice  following  the  ^^^^  ^^^^^  movements  of 

Le  that  these  nerves  contain  the  J  --t  ^^^^^^^^  .^.^.^.ts  axe  derived  exclusively  from 
the  larynx  ;  but  it  is  also  the  fa  ^^fj^^^^l^,^,  ,ell  motor  filaments  which  pr^ 
the  spinal  accessory,  and  that  the  ^     t^,,  production  of  vocal  sounds,  s 

side  iver  movements  of  the  larynx  ^'ll^J'^'^t^l;,,^  are,  the  crico-thyroids,  amniat6a 
The  muscles  of  the  larynx  ^^'^^'^^'^f  ^/,?l"Xal  cr  co-arytenoids,  and  the  thyro- 
by  the  superior  laryn geals,  and  the  ^^^^^^^^^  'Tt  posterior  crico-arytenoids  are  re- 
ary  tenoids,  animated  by  the  -f-^^^Xfet'e  not  affected  by  extirpation  ot  the  spinjl 
1  spiratory  muscles;  a-d    is  cunou  t  u^t  thes^^^^         ^^^^.^^^      ^^^^  '^T'" 

accessories,  but  that  the  glottis  is  still  capame  ^    ^  the  larynx  be  thai 

'rmiLed.    K,  however,       ^^rS^::^^^^  -^t'^'TS 
exposed  in  a  living  animal,  the  f  f  ^^.f^f ,  ^^,7      glotlis  is  mechanically  dosed 
tated.    If  the  inferior  laryngeal  be  ^^^^ff^.^.tion.    When  we  call  to  mmd  the 

the  inspiratory  act,  and  the  an.mals  their  motor  filan.onts,  it  >s  e  J  jo 

varied  sources  from  which  the  pneumogastrics  rece          ^^^^^  „,ove™ents,  and  others, 

understand  how  certain  of  these  -^Y^l^^n-Zy  movements, 
from  a  different  source,  may  ammate  the  lespnatorj 
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As  we  should  naturally  expect  from  what  has  already  been  said,  soction  of  the  infe- 
rior laryngeal  nerves  paralyzes  both  the  vocal  and  the  respiratory  movements  of  the 
larynx.  It  is  not  necessary  to  refer  in  detail  to  the  ancient  and  modern  experiments 
illustrating  this  point,  the  former  dating  from  the  time  of  Galen.  In  adult  animals,  the 
cartilages  of  the  larynx  are  sufficiently  rigid  to  allow  of  inspiration  after  the  organ  has 
been  com[)letely  paralyzed ;  but,  in  young  animals,  the  glottis  is  closed,  and  suffocation 
ensues.  "We  have  generally  observed  in  cats,  that  suffocation  follows  immediately  upon 
section  of  the  recurrents  or  of  the  pneumogastrics  in  the  neck. 

The  impediment  to  the  entrance  of  air  into  the  lungs  is  a  sufficient  explanation  of  the 
increase  in  the  number  of  the  respiratory  acts  after  division  of  both  recurrents.  The 
acceleration  of  respiration  is  much  greater  in  young  than  in  adult  animals.  This  does 
not  apply  to  very  young  animals,  in  which  section  of  the  recurrents  produces  almost  in- 
stant death. 

Feeble  galvanization  of  the  central  ends  of  tlie  inferior  laryngeals,  after  their  division, 
produces  rhythmical  movements  of  deglutition,  generally  coincident  with  arrest  of  the 
action  of  the  diaphragm.  These  phenomena  are  generally  observed  in  rabbits,  but  they 
are  not  constant.  The  reflex  action  of  these  nerves  in  deglutition  is  probably  dependent 
upon  the  communicating  filaments  which  they  send  to  the  superior  laryngeal  nerves. 

Properties  and  Functions  of  the  Cardiac  Nerves,  and  Influence  of  the  Pneumogastrics 
upon  the  Circulation. — One  of  the  most  interesting  questions  connected  with  the  physi- 
ology of  the  pneumogastric  nerves  is  their  action  upon  the  heart ;  and  the  results  of 
experiments,  which  will  be  fully  detailed  hereafter,  are  precisely  the  opposite  of  what 
would  be  expected  in  the  case  of  a  nerve  containing  motor  filaments  and  distributed  to 
a  muscular  organ.  Section  of  the  pneumogastrics  in  the  neck,  far  from  arresting  the 
action  of  the  heart,  increases  the  rapidity  of  its  pulsations  ;  and  galvanization  of  the 
nerves  arrests  the  hearths  action  in  diastole. 

Within  the  past  few  years,  some  very  remarkable  experiments  have  been  made  upon 
the  influence  of  certain  nerves  given  off  near  the  superior  laryngeals,  which  have  been 

■  called  the  depressors  of  the  circulation ;  but  most  observations  have  been  made  upon 

■  the  trunks  of  the  pneumogastrics  in  the  cervical  region,  as  it  is  exceedingly  difficult  to 
;  isolate  the  thoracic  cardiac  branches  and  to  operate  upon  them  without  involving  other 
1  nervous  filaments.  In  galvanizing  the  nerves  in  the  neck,  we  have  to  consider  both  the 
I  direct  influence  of  the  current  and  the  phenomena  due  to  reflex  action. 

Effects  of  Section  of  the  Pneumogastrics  upon  the  Circulation. — It  is  not  necessary 
;  to  cite  in  detail  the  various  experiments  upon  the  effects  of  section  of  the  pneumogastrics 
i  in  the  neck  upon  the  action  of  the  heart.  The  division  of  these  nerves  in  living  animals 
i  is  sufficiently  easy,  and  all  who  have  performed  this  operation  have  noted  the  same  re- 
'  suits.  By  section  of  these  nerves,  the  heart  is  at  once  separated  from  one  of  the  most 
1  important  of  its  nervous  connections ;  and  the  effects  show  that,  as  far  as  this  organ  is 
«  concerned,  the  motor  filaments  present  great  differences  from  the  ordinary  motor  nerves 
>  of  the  cerebro-spinal  system.  Most  of  the  observations  made  by  dividing  the  nerves 
!  have  been  upon  dogs,  and  the  differences  in  the  effects  upon  other  animals  are  slight  and 
unimportant.  The  following  are  the  important  phenomena  presented  in  typical  experi- 
ments: 

Section  of  one  of  the  pneumogastrics  in  the  neck  doesjiot  produce  any  very  marked 
effect  upon  the  action  of  the  heart,  after  the  slight  disturbance  which  usually  follows  the 
operation  has  passed  away.  The  number  of  pulsations  is  slightly  increased,  and  the  car- 
diac pressure,  as  shown  by  a  cardiometer  fixed  in  the  carotid  artery,  is  slightly  dimin- 
ished ;  but  this  is  insignificant  as  compared  with  the  effects  of  dividing  both  nerves. 

Section  of  both  pneumogastrics  usually  produces  immediate  and  serious  disturbance 
in  the  respirations,  which  are  momentarily  accelerated.  The  animal  usually  becomes 
agitated  and  suffers  from  want  of  air;  and,  when  it  is  desired  especially  to  note  the  car- 
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diao  disturbance,  it  is  often  necoBsai-y  to  relieve  the  respiration  by  introducing  a  ti.l.e 
into  the  trachea.  In  full-grown  dogs,  however,  the  respirations  soon  become  calm,  1,..,. 
they  are  diminished  in  frequency  and  become  unusually  profound.  When  the  animal  ,s 
in  this  condition,  the  beats  of  the  heart  arc  very  much  increased  m  frequency,  at  leaM 
doubled:  but  they  are  inefiiciont  and  tremulous. 

An  interesting  point  in  this  connection  is  the  want  of  influence  of  certain  medicinal 
substances  over  the  action  of  the  heart  in  animals  after  division  of  the  pneumogastrics. 
Traube  has  shown  that,  while  digitalis  injected  into  the  veins  of  a  dog  was  capable  in 
an  hour  of  reducing  the  pulse  to  about  one-fourth  of  the  normal  number  of  beats  per 
minute,  there  was  no  appreciable  effect  upon  the  circulation  when  the  injection  was 
made  in  animals  with  both  pneumogastrics  divided.  .  ^ 

The  influence  of  the  pneumogastrics  upon  the  heart  is  one  of  the  most  mteresting 
T50ints  in  the  physiology  of  the  circulation ;  but  we  can  discuss  the  mechamsm  of  the 
phenomena  following  section  of  the  nerves  more  satisfactorily  after  we  have  considered 
the  effects  of  their  galvanization.  r,-  ? 

Emts  of  Galvanizing  the  Pneumogastrics  or  tJieir  Branches  npon  the  Circnlation.- 
The  experiments  upon  the  effects  of  galvanization  of  the  pneumogastrics  in  the  neck  on 
the  action  of  the  heart  are  almost  innumerable;  and,  although  the  explanations  of  the- 
phenomena  observed  present  the  widest  differences,  the  facts  themse  ves  are  suftciently 
1  simple.    These  facts  will  be  discussed  under  tho 

following  heads  :  1.  The  direct  influence  of  galvan 
ization  of  the  nerves  in  the  neck,  undivided,  or  o 
galvanization  of  the  peripheral  extremities  of  th 
trunks  after  division.  2.  Reflex  phenomena  follow 
ing  galvanization  of  the  central  ends  of  the  pneu^ 
mogastrics,  after  their  division. 

Direct  Influence  of  the  Pneumogastrics  upo 
the  Heart.-ln  1846,  the  brothers  Weber  noted: 
the  important  fact,  that  galvanization  of  the  pneu- 
mogastrics in  the  neck  rendered  the  action  of 
the  heart  slow,  and,  if  the  galvanization  were  sufli- 
ciently  powerful,  arrested  the  heart,  which  remained 
flaccid  and  in  diastole  for  a  certain  time  while  the 
galvanization  was  continued.  This  fact  has  smce 
been  confirmed  by  numerous  experunenters. 

While  there  is  no  difference  of  opinion  among 
physiologists  with  regard  to  the  stoppage  of  the 
heart  by  powerful  galvanization,  it  is  stated  by 
some  that  a  very  feeble  current  passed  through  he 
peripheral  ends  of  the  divided  nerves  quickens  the 
Lart's  action;  but  it  is  admitted  by  al  that  it  is 
very  difficult  to  regulate  the  intensity  of  the  current 
so  as  to  produce  this  effect.  After  section  of  the 
nerves,  the  action  of  the  heart  is  very  readily  mod  - 
fied  b^  struggles,  etc.,  on  the  part  of  the  annnal 
under  observation;  and,  in  view  of  the  excee  mg 
nicety  of  the  reported  experiments  it  cannot  be 
SiLd  that  the  heart  is  capable  of  being  excited 
Aliased  rapidity  of  action  without  obs.^^^^^^^^^^ 
of  the  most  positive  character,  buch  facts  are 
it  has  been  shown  by  Ir.  Rutherford,  in  a  series  of  exceed- 


Via.  220  —Branches  of  the  pneiimogastric  to 

the  heart.  (Berniird.) 
C,  heart :  ff,  carotid  iirtery  going  to  tho  brain ; 

It,  brandies  of  the  pneumogastnc  going  to 

the  heart. 


wanting;  and,  farthermore,  it  has  been  fo^  ^  ^  ^  ';  ^    ^Ivanic  current  passed 

ingly  exact  and  satisfactory  experiments,    ha   ^1;';"^^^'  of  the  heart, 

through  the  pneumogastrics  has  any  appreciable  effect  upon 
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it  is  to  diminish  tlio  frequency  of  its  pulsations.  Inasmuch  as  our  object  is  simply  to 
show  that,  imitating  the  nervous  force  by  galvanism,  the  action  of  the  pneumogastrics 
is  inhibitory,  we  shall  not  discuss  tlie  cflFects  of  different  currents,  and  other  experi- 
ments, which  have  little  relation  to  the  natural  action  of  the  nerves,  and  possess  slight 
interest  from  a  purely  physiological  point  of  view. 

The  direct  action  of  the  pneumogastrics  upon  the  heart  is  undoubtedly  through  their 
motor  filaments.   All  the  facts  developed  by  experiments  are  in  accordance  with  this  view. 
If  the  nerves  be  divided  in  the  neck,  galvanization  of  the  central  ends  has  no  effect 
upon  the  heart,  the  pulsations  being  arrested  only  when  the  peripheral  ends  are  stimu- 
i  lated.    This  shows  that,  at  least  as  far  as  the  fibres  passing  down  the  neck  are  con- 
(  cerned,  the  action  is  centrifugal  and  direct,  not  reflex.    Another  curious  fact  illustrates 
!  the  same  point  very  forcibly.    It  is  well  known  that  the  woorara-poison  completely  par- 
i  alyzes  the  motor  nerves,  leaving  the  muscular  irritability  and  the  sensory  nerves  intact. 

It  has  been  found  that,  in  animals  poisoned  with  woorara,  the  action  of  the  heart  being 
I  maintained  by  artificial  respiration,  galvanization  of  both  pneumogastrics  has  no  effect 
I  upon  its  pulsations.  This  fact  we  have  repeatedly  verified  in  public  demonstrations. 
:  Still  another  curious  fact  remains  bearing  upon  the  question  under  consideration.  If  pow- 
.  erful  galvanization,  which  immediately  arrests  the  cardiac  pulsations,  be  continued  for  a 
(  certain  time,  so  that  the  motor  filaments  become  temporarily  exhausted  and  lose  their 
i  irritability,  the  heart  resumes  its  contractions,  notwithstanding  that  the  galvanization  is. 
i  continued ;  the  nerves  being  for  the  time  incapable  of  transmitting  the  inhibitory  influence. 

The  source  of  the  motor  filaments  in  the  pneumogastrics  which  exert  a  direct  inhibi- 
:  tory  action  upon  the  heart  becomes  an  important  point  to  determine.    In  the  original 
t  experiments  by  the  brothers  "Weber,  it  was  shown  that,  when  the  galvanic  stimulus  was 
:  applied  to  that  portion  of  the  centres  from  which  the  nerves  take  their  origin,  the  action 
of  the  heart  was  arrested  in  the  same  way  as  when  the  nerves  themselves  are  galvan- 
i  ized;  and  it  has  been  shown  by  subsequent  observations  that,  when  the  heart  is  thus 
i  arrested  by  galvanization  of  the  medulla  oblongata,  if  both  pneumogastrics  be  divided  in 
the  neck,  its  action  is  resumed.    This  would  at  first  lead  to  the  supposition  that  the 
inhibitory  filaments  are  derived  from  the  roots  themselves  of  the  pneumogastrics;  hut  it 
has  been  conclusively  demonstrated  that  they  are  really  derived  from  the  spinal  acces- 

<  scries,  the  upper  filaments  of  origin  of  which  are  situated  just  below  the  roots  of  the 
a  pneumogastrics. 

It  lias  been  shown  that  powerful  galvanization  of  one  pneumogastric  will  arrest  the 
n  heart's  action,  and  also  that  this  inhibitory  action  is  much  more  marked  in  the  right 
than  in  the  left  nerve.    Waller,  after  extirpating  the  spinal  accessory  nerve  upon  one 

■  side,  found  that  galvanization  of  the  pneumogastric  upon  that  side  had  no  effect  upon 
!  the  heart,  provided  that  from  ten  to  twelve  days  had  elapsed  after  extirpation  of  the 

<  spinal  accessory,  a  sufficient  time  to  secure  disorganization  and  loss  of  irritability  of  its 

■  fibres.  These  experiments  show  conclusively  that  the  motor  filaments  contained  in  the 
pneumogastric,  which  act  directly  upon  the  heart,  are  derived  exclusively  from  the  com- 
municating branch  of  the  spinal  accessory. 

Eeflex  Influence,  through  the  Pneumogastrics,  upon  the  Circulation.— G!ilva.mz&twn 
ot  the  central  ends  of  the  pneumogastrics,  after  their  division  in  the  neck,  does  not  influ- 
1  ence  the  action  of  the  heart,  except  as  the  pulsations  are  affected  by  the  modifications  in 
^-  respiration.    When  the  central  ends  are  stimulated,  the  pupils  become  dilated,  the  eves 
protrude,  sometimes  vomiting  occurs,  and  always  the  number  of  respiratory  acts  is 
iminished,  and,  with  a  powerful  current,  are  arrested  in  inspiration  ;  but  the  pulsations 
ot  the  heart  are  not  affected. 

«hr«fr'''T''^*"^'~^"  important  reflex  action  operating  upon  the  circulation  through 
ranches  of  the  pneumogastrics  has  lately  been  described  by  Cyon  and  Ludwi-  in  a 
niemoir  which  received  the  prize  for  Experimental  Physiology  from  the  French  Acldemy 
•sciences,  m  1807.    The  experiments  upon  which  this  memoir  is  based  are  exceedingly 
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clear  and  satisfactory,  and  they  afford,  perhaps,  the  only  positive  explanation  wo  have  ot 
reflex  action  upon  the  heart.    The  substance  of  these  observations  is  briefly  as  follows  : 

In  the  rabbit,  is  a  nerve,  arising  by  two  roots,  one  coming  from  the  trunk  of  the 
pneumogastric  and  the  other  from  its  superior  laryngeal  branch,  passing  tben  toward  the 
carotid  artery  and  taking  its  course  down  the  neck  by  the  side  of  the  sympathetic  as  far 
as  the  thorax.  In  the  chest,  it  joins  with  sympathetic  filaments  to  pass  with  them  to  the 
heart,  by  little  branches  between  the  origin  of  the  aorta  and  the  pulmonary  artery. 
This  nerve  can  be  completely  isolated  in  the  neck  from  the  sympathetic  and  the  trunk 
of  the  pneumogastric.  If  it  be  divided  in  this  situation,  after  the  irritation  produced  by 
the  operation  has  subsided,  very  distinct  and  important  modifications  in  the  circulation 
may  be  produced  by  its  galvanization. 

In  the  first  place,  it  was  noted  in  all  the  experiments,  that  galvanization  of  the  periph- 
eral extremities  produced  no  change,  either  in  the  number  of  the  pulsations  of  the 
heart  or  in  the  pressure  of  blood  in  the  vascular  system ;  which  points  to  the  fact  that 
its  action  is  not  direct,  but  reflex,  and  that  it  is  due  to  an  impression  conveyed  to  the 
nerve-centres. 

If  the  central  ends  of  the  nerves  be  galvanized,  the  pressure  in  the  arteries  dimin- 
ishes little  by  little,  imtil  it  may  be  reduced  to  one-half  or  two-thirds  of  the  pressure 
before  the  irritation  was  applied.  This  low  pressure  continues  so  long  as  the  interrupted 
current  is  applied  ;  but,  when  the  galvanization  is  arrested,  it  gradually  returns  to  the 
normal  standard.  These  phenomena  are  observed  in  all  the  large  arterial  trunks.  The 
length  of  time  required  to  produce  the  greatest  diminution  in  the  pressure  is  somewhat 
variable,  but  the  experimenters  have  never  seen  it  reach  its  minimum  before  fifteen  pul- 
sations of  the  heart. 

"  The  diminution  in  the  pressure  is  attended  with  a  reduction  of  the  pulse  in  the 
instances  in  which  the  depressor-nerve  only  has  been  divided.  The  irritated  nerve  is 
isolated  in  a  manner  so  complete  that  we  cannot  fear  the  passage  of  the  exciting  current 
in  the  trunk  of  the  pneumogastric.  The  changes  in  the  number  of  pulsations  persist 
even  when  the  pneumogastric  has  been  excited  by  the  side  where  the  irritation  has  been 
applied,  from  the  point  where  the  superior  laryngeal  is  given  off  to  the  point  where  the 
pneumogastric  enters  the  thoracic  cavity. 

"  From  the  foregoing  it  is  evident  that  the  changes  taking  place  in  the  number  of 
pulsations  are  due  to  excitation  of  the  depressor-nerve.  If  ^ve  study  attentively  the 
progress  of  the  cardiac  pulsations  during  the  excitation,  we  observe  always  that  the  most 
considerable  reduction  takes  place  at  the  beginning  of  the  experiment ;  that  is  to  say,  at 
the  moment  when  the  blood-pressure  descends  from  its  normal  standard  to  the  lowest 
point.  When  the  pressure  is  completely  depressed,  the  pulse  is  accelerated  again  and 
even  reaches  almost  completely  the  numbers  presented  before  the  oscillations.  When 
the  irritation  ceases,  after  a  shorter  or  longer  period,  the  heart  generally  beats  more 
rapidly  than  before  the  irritation,  and  this  during  all  the  time  that  is  occupied  in  the 
return  of  the  pressure  to  the  normal  standard.  This  observation  in  itself  refutes  the 
Idea  that  the  diminution  in  the  pressure  may  depend  upon  the  diminished  number  of  pul- 
sations. If  the  reduction  in  the  rate  of  the  pulse  produced  a  diminished  pressure,  it 
should  be  increased  when  the  pulsations  of  the  heart  become  accelerated. 

'•  The  manner  in  which  the  pulse  is  reduced  leads  to  the  supposition  that  it  is  due  to 
a  reflex  action  of  the  pneumogastric. 

"  It  was  easy  to  verify  this  last  opinion,  and  we  have  been  able  to  confirm  it  by  first 
cutting  the  pneumogastrics  on  both  sides,  and  afterward  irritating  the  central  end  of  the 
depressor-nerve.  In  this  case,  the  pressure  fell  to  0-C2,  0-55,  etc.,  while  the  number  of 
pulsations  remained  the  same,  or  at  least  oscillated  very  sliglitly  above  and  below  the 
number  observed  before  the  irritation." 

The  above  extract  from  the  observations  of  Cyon  shows  two  important  points  • 

^irst,  galvanic  stimulation  of  the  central  extremities  of  the  divided  depressor-nerves 
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,  .  nressure  of  blood  in  the  larger  arteries  is  independent 

of  ^::^S^^orr.ZZ^-  -d  ^ear.  no  relation  to  tl.e  reduction  in 

pressure.  This  ^l-/;;- ^^^^'i-tion  of  tL  cenTral  extr.nities  of  the  depressor- 
nutioa  in  the  pressure  fjj™         its  influence  by  section  of  both  pneumo- 

nerves,  even  when  the  heaxt  was  remove  ^,^,.^ents  and  the  movements  of 

gastrics  in  the  ^^/.^  ^         Ivith  woorara.    In  the  latter  ease,  the  cireula- 

respiration  were  abolished  by  poisou  b  following  out  the  various  observa- 

tion  was  kept  np  hy  ^^^^f^^,  t^X^l-n.r.l  upon  the  arterial  pressure 
tions  which  go  to  show  that  the  influence  oi         p  ^^^^  ^^^^^ 

is  independent  of  the  force  or  frequency  f  ^^^^  j ''^j^  ly  gi^e  the  results  of  the 
.hich  operates  upon  the  vessels  ^l-^f  ^^fl  ,  L  opened,  and  one  or  more 

experiments  upon  the  splanchnic  nerves.  /  >°  "°^°^^^i,tely  Siminished.  After  this, 
of'these  nerves  he  divided,  ^-/^-tfiTn^^^^^^^^^  ''''''' 
if  the  peripheral  extremiticB  of  '^'^'  "^'^^^^^  u^.^onstrate  that  the  splanchnic 
returns  to  the  normal  standard.  ^^\'li;^'2Z  nle^  in  the  entire  organism."  This 
nerves  constitute  the  most  important  ^^,1  ,fter  section  of  the  splanch-  | 

point  being  settled,  the  ^^P'----;;;^;  y^^t.trartenal  pressure  by  compressing 
nic  nerves,  in  some  cases  '-^^^^^'''''^.X^^^  of  the  depressor-nerve 

the  aorta,  and  in  others,  leaving  the  ao  ta  ree^  aiminution  in  the  blood-pressure,  J 

after  section  of  the  ^P^^^  -^..^L'^t  Ich  it  was  during  the  irritation  of 

but  the  absolute  value  of  this  diminution  ^^^.^  „    These  experiments  show 

the  depressor-nerve  hefore  '^^^^'^^^  '  J^.;^t^Z^^^^^ 

pretty  conclusively  that  ^J';^^— f^^^^^^^  ^  "'r-"''""^  " 

tion  of  the  central  ends  of  the  depressor  °erv  splanchnic  nerves. 

.    the  blood-vessels  of  the  ''^1^^'^™;-^''  . r.  vS  a  tTon  upon  the  bloodvessels  through 

larger  arteries  would  be  reduced.  i7ie  Action  of  the  Eeart.-lt 

"Mechanism  of  the  Influence  of  the  ^'^-^^^^^^^^n  6f  the  pneumogastrics  upon 
is  useless  to  speculate  upon  the  exact  -chanism  of  t^^^  act  -       ^^P^^^  ^^^^^^  , 
the  heart.    Although  various  '^f^'^^f^J.^^^^^^^^  which  attend  the  gal- 

division  of  the  nerves  in  the  neck,  ^j)^  "^^^  J^/^^^^^  unsatisfactory.  All  that  can 
vanization  of  their  peripheral  ends,  they  are  aU  more  or  virtue  of 

be  said  in  the  present  state  of  our  knowledge,  is,  that  tue  p  n  j^fl„enco 
Jhe  rommunicaling  branches  from  the  spinal  their  influence,  the 

.pon  the  heart,  "^^^^-'^^y '^^.'^^^I  t^X^^^^^^^^  ends  of  the  divided  nerves  ar 
pulsations  become  more  rapid.    When  the  peiipl  ^^^^^^^^      ^  ,  ^ 

Uni.ed,  ^l^^^ZZ:::;:!C;l^  to  a^  impression  conveyed  to  the 
sufficient  power,    inis  acuou  lu.  j 

centres  by  the  depressor-nerves.  ^  ^^^^ 

Properties  and  M^nctions  ^/ f  ^^^.f  r/^lJ^pdi^ "  --^1 
.astrJnpon  Respiration.-The  trachea,  ^  ""^^  ^jj^/enmogastrics.  The  recurrent 
plied  with  motor  and  sensory  filaiucnts  by  ^l^^^^^^i  the  lower  part  of  the  trachea, 
laryngeals  supply  the  upper,  and  the  pulmonary  bianehes. 
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the  lungs  themselves  beiug  supplied  by  the  pulmonary  branches  alone.  The  sensibility 
of  the  mucous  membrane  of  the  trachea  and  bronchi  is  due  to  the  pneumogastrics,  for 
these  parts  are  insensible  to  irritation  when  the  nerves  have  been  divided  in  the  neck. 
Longet  has  shown  that,  while  an  animal  coughed  and  showed  signs  of  pain  when  the 
mucous  membrane  of  the  respiratory  passages  was  irritated,  after  division  of  the  pneumo- 
gastrics there  was  no  evidence  of  sensibility,  even  when  the  tracheal  mucous  membrane 
was  treated  with  strong  acid,  or  even  cauterized.  He  also  saw  the  muscular  fibres  of  the 
small  bronchial  tubes  contract  when  a  galvanic  stimulus  was  applied  to  the  branches  of 
the  pneumogastrics. 

The  main  interest,  in  this  connection,  is  attached  to  the  pulmonary  branches  and  their 
relations  to  the  respiratory  acts.  These  are  undoubtedly  connected  with  important  reflex 
phenomena,  acting  as  centripetal  nerves;  and  their  direct  action  in  respiration  is  probably 
much  ess  important.  They  are  exposed  and  operated  upon  in  living  animals  with  so 
much  difficulty  that  we  know  little  of  the  direct  effects  of  their  irritation  and  must  judge 
of  their  general  properties  chiefly  by  experiments  showing  their  action  upon  respiration 
VV3  shall  have  to  study,  in  connection  with  the  functions  of  these  nerves,  the  effects  of 
their  division,  upon  the  lungs  and  the  respiratory  acts,  and  the  phenomena,  referable  to 
the  respiratory  organs,  which  follow  their  .galvanization.  We  shall  also  consider  certain 
theoretical  views  with  regard  to  their  action  in  the  automatic  processes  of  respiration  and 
with  the  sense  of  want  of  air  {lesoin  de  respirer),  which  gives  rise  to  the  reflex  res'pira- 

I^ects  of  Division  of  the  Pneumogastrics  upon  Sespiration.—^Q(,tion  of  both  pneumo- 
gastrics m  the  neck,  in  mammals  and  birds,  is  usually  foUowed  by  death,  in  from  two  to 
hve  days.  In  young  animals,  death  may  occur  almost  instantly,  from  paralysis  of  the 
respiratory  movements  of  the  glottis,  a  fact  which  we  have  already  noted  in  connection 
with  the  recurrent  laryngeal  nerves. 

Very  little  of  importance,  with  regard  to  the  functions  of  the  pneumogastrics  in  con- 
nection with  respiration,  has  been  ascertained  by  the  numerous  experiments  on  record  of 
section  of  one  or  both  of  these  nerves  in  the  cervical  region.    It  has  been  found  by  all 

SerTt      V    *  r"'^'^''^  ""'^  "°  ^^^^  d^^*'^^*  abnormal  phenomena 

after  section  of  one  nerve.  Longet  states  that  animals  operated  upon  in  this  way  present 
hoarseness  of  the  voice  and  a  slight  increase  in  the  number  of  respiratory  7cte  Some 
t:rZT.::2^  ^'.^  corresponding  lung  partly  emphysematous'and  parti;  engor^^d 
with  blood  and  others  have  not  noted  any  change  in  the  pulmonary  structure. 

vJ^S  tCelTr  ^''fr'"^}''  -  experiment  which  we  have  often 

epeated  the  effect  upon  the  respiratory  movements  is  very  marked.  For  a  few  seconds 
h   number  ot  respiratory  acts  maybe  increased;  but,  as  soon  as  the  anima"  beeome: 

tranquil,  the  number  is  very  much  diminished,  and  the  movements  change  the"  chara^^^^^^^ 

seen  nn!     ?  generally  quiet  and  indisposed  to  move.    We  have 

mUir '^'^    -  -s^t-n  to 

cngteTwitTttd'anl'"  f  '"^'^  P°--ogastrics,  the  lungs  are  found 

fact  nlfll    I  .     f '     ,  '     '*  ^'i^ified,  so  that  they  sink  in  water.    This  curious 

Jel Sontre  ^'Snificance  is  not  apparent,  has  been  the  subject  of  much 

ex  St  t  2  rl^^^  '''""^^  P"l°>onary  lesion  did  not 

tabll  J  .   '       ^''^'^  ^""^  "™  ^'^^  f-^t^-^l-    It  liad  previously  been  ascer 

e  enj;:  ' T ^  ^^^''^  t^^-  Pl-e  with  no  alteration'of  the  lung  When 
a  o^^TZo  S:l:::Tn^^^  the  aii-passages  was  prevented  by  the  introductir " 
Without  drjliit'J^'l^^^^^^^^  I'''  carnification  ot"  the  lungs  was  nevertheless  observed. 
i3  based     i,  '  ffi      .      .  f  Pf  •""''nts  upon  which  the  explanation  offered  by  Bernard 

xcessively  labored  and  profound  inspirations.    Indeed,  this  can  be  a.;tually  seen 
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,.  ■  ■,  ,„k  As  a  result  of  this  distention  of  the  air- 
when  the  pleura  is  exposed  in  ''^'"i^^"  ^ift^i-ent  parts,  the  blood  becomes  couf,n.- 
cells,  the  p.Un.onary  birds,  beeuuse  the  lun.s 
':^:^:t^lS'r::^::^  tlu.  the,  are  not  e.posed  to  excessive  distention  n, 
"^^iSHs  no  satist^etory  explanation  of  the  remarkable  changes  in  the  respiratory 

movements  that  follow  section  of  the  I'^^^^^^^'^'^.orveCi  bv  Prof.  Dalton  and  others. 

In  this  connection  we  may  note  ^  f  ^-^^  1874,  we  divided 

that  the  pneumogastr  cs  -^/^m  si  7^.  Tbe  ^^^^^  was  immediately  increased  from 
both  pneumogastrics  m  a  the  minute,  and  the  number  of 

one  I?^ndred  and  twenty  to  two  Wrei  and  fo.ty  .n  th  ^^^^.^^^.^^^ 

respirations  fell  from  twenty-four  to  fom  ^,d,lla  oblongata,  and 

ha]  become  normal    The  ^^fj^^^^'^^^^^^^^^  ,e  nearly  complete, 

the  reunion  of  the  divided  ends  oi  the  >  '  respiratory  acts,  but 

Sense  of  Want  of  Air.-Tho  f  ^  ^^f  ^^t  of  air  (lesoin  cle  respirer), 

they  are  not  the  medium  through  which  ^^^J^^^o^  ^conveyed  to  the  nerve-centres, 
which  gives  rise  to  the  reflex  f ''J'^'^^^^^^^^^  in  the  neck  modifies 

If  it  be  true,  as  it  undoubtedly  is^^  that  «^<=txon  of  b^^^^^^  division  of  the  nerves, 

the  number  and  the  charactei-  of  the  -^P^^^^^^^^^^^^^^  .^^*'Xe  than  probable  that  this 
galvanization  of  their  central  ends  '^""^f  ;;P";*;;;^;Vy  impressions  conveyed  to  the 
br  =f:et:  nJechamsm  Of  its  action,  we 

^°^^S;e  statement  that  the  ^ ^/Tl  -"^^^^ 

— Sa:t;r  i&d  -  - 

tain  limits,  through  the  will ;  and  they  ^^-^j'^^^^^' '^^^^^^^^^^^  to  the  stimulus  that 

respirator;  nervous  centre,  the  —  °^|f  f  jj^^^^^  fonclusively  shown  by  expen- 
ezcites  the  action  of  the  '^'^}'f'J^^''!^^J',,,^^^^^^  on  in  a  living  animal,  so  as  to 
ments  that,  if  artificial  respiration  be  efliciently  ca.  ^.ted,  and  the  animal 

supply  air  fully  to  the  system,  the  --^f        ^^e  ,m^  performed,  the  animal 

makes  no  effort  to  breathe;  ^^^'^  .^.^'P;™ 

almost  immediately  feels  the  wan  ^^^^^^^^J  J^^"^^^^^^  . 
muscles  were  thrown  into  violent  "^''^ '""f^'l^^^^^^^     of  the  sense  of  want  of  air  and  its 
The  principal  points  with  ^--''''^''''J^lll'^^^^      experiments,  are  the  following: 
transmission  to  the  nerve-centi:es,  f  ^^'^^^P^^^^^J^"";  °  ,i,g  the  heart  and  lungs,  and  arti- 

darlnn  the  arterial  system.  movements  of  respiration,  was  due  to 

the  respiratory  nervous  centre,  gmng  use  to 

the  action  of  non-oxygenated  b  ood.  ^^^.,.,3  aistributed  to  the 

To  ascertain  whether  the  ^P^'^-^'^^^;;  ^^^'ed^nd  the  system  was  drained  of 
•    lungs  or  upon  other  nerves,  a  large  ^^^^'^  .^^  a;,..  In  this  case,  respiratory 

bio  d,  the' lungs  being  continually  ^^^^^^^^^  the  hcemorrhage 

effort  of  the  most  violent  character  -'^^  ^^^^at '      ^ense  of  want  of  air  w.as  no 
This  portion  of  the  experiment  ^^""f' ^^^y^'^tL  lungs,  but  was  due 
dependent  upon  the  accumulation  of  carbonic  acid 
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supply  of  the  oxygen-carrying  fluid  to  the  general  system.    It  furtlier  demonstrated  that 
the  impression  in  the  general  system  was  not  due  to  the  presence  of  carbonic  acid 
but  to  tJie  absence  of  oxygon ;  for  no  blood  containing  carbonic  acid  circulated  in  the 
system. 

These  phenomena  were  observed  without  any  modification,  after  division  of  both 
pnoumogastric  nerves  in  the  neck,  and  they  seem  to  prove  conclusively  that  the  sense  of 
want  of  air  is  not  transmitted  to  the  respiratory  nervous  centre  through  the  medium  of 
these  nerves.' 

Effects  of  Galvanization  of  the  Pneumogastrics  upon  Respiration. — The  phenomena 
which  follow  galvanization  of  the  pneumogastrics,  although  they  are  curious  and  inter- 
esting, do  not  throw  much  light  upon  the  relations  of  these  nerves  to  respiration.  We 
have  already  mentioned  the  arrest  of  the  respiratory  movements  by  galvanization  of  the 
superior  laryngeal  branches  and  of  the  central  ends  of  the  pneumogastrics  after  their  divi- 
sion in  the  neck.  The  main  point  of  interest  in  this  connection  is  the  fact  that  the  effects 
observed  are  entirely  reflex,  galvanization  of  the  peripheral  ends  of  the  divided  nerves 
having  no  direct  action  on  the  movements  of  the  thorax. 

In  view  of  the  very  indefinite  physiological  applications  of  the  experiments  made  by 
galvanizing  the  nerves,  we  shall  not  give  in  detail  the  numerous  observations  upon  this 
subject,  but  shall  simply  state  the  results,  as  given  in  a  recent  and  very  elaborate  work 
upon  respiration,  by  M.  Bert : 

"  1.  Respiration  may  be  arrested  by  excitation  of  the  pneumogastrics  (Traube),  of  the 
larynx  (01.  Bernard),  of  the  nostrils  (M.  Schiff ),  of  most  of  the  sensory  nerves  (M.  Schiff, 
an  assertion  that  I  have  not  been  able  to  verify). 

''2.  This  arrest  may  take  place  either  in  inspiration  or  in  expiration,  through  any  one 
of  these  nerves,  without  attributing  it  to  the  action  of  derived  currents. 

"  3.  A  feeble  excitation  accelerates  the  respiration ;  a  more  powerful  excitation 
retards  it ;  a  very  powerful  excitation  arrests  it.    These  words  '  feeble  '  and  '  powerful ' 
haymg,  it  is  understood,  only  a  relative  sense  for  any  one  animal  and  imder  certain  con- 
■  ditions  :  what  is  feeble  for  one  would  be  powerful  for  another,  etc. 

"I  believe,  in  opposition  to  the  opinion  of  Rosenthal,  that  section  of  the  pneumogas- 
trics  does  not  increase  the  difiiculty  of  arresting  respiration ;  at  least,  death  by  excitation 
occurs  much  more  easily  in  this  case. 

''  4.  When  the  respiratory  movements  are  completely  arrested,  it  is  always  the  same 
tor  the  general  movements  of  the  animal,  which  remains  motionless. 

"  5.  Respiration  returns  even  during  excitation,  and  when  this  is  arrested,  it  almost 
always  becomes  accelerated. 

"  6.  Arrest  in  expiration  is  more  easily  obtained  than  arrest  in  inspiration  :  there  are 
ammals,  indeed,  in  which  it  is  impossible  to  effect  the  latter. 

"7.  If  an  excitation  be  employed  sufficiently  powerful  to  arrest  respiration  in  inspi- 
ration, all  respiratory  movements  may  be  made  to  cease  at  the  very  moment  when  the 
excitation  is  applied  (inspiration,  half-inspiration,  expiration),  either  by  operating  upon 
the  pneumogastric,  or  operating  upon  the  laryngeal.  ..  . 

"Any  feeble  excitation  of  centripetal  nerves  increases  the  number  of  the  respiratory 
movements;  any  powerful  excitation  diminishes  them.  A  powerful  excitation  of  the 
pneumogastrics,  of  the  superior  laryngeal,  of  the  nasal  branch  of  the  infra-orbital,  may 
anestthem  completely;  if  the  excitation  be  sufficiently  energetic,  the  arrest  takes  place 
at  the  very  moment  it  is  applied.    Finally,  sudden  death  of  the  animal  may  follow  a  too 

Llin     '"'^'T^'t:  f     transmitted  to  the  respiratory  centre  :  all  this  being  true  for 
cei  tarn  mammalia,  birds,  and  reptiles." 

reader™  rofcL'^m'  "^'^P"';™™*-^'        their  bearing  upon  certain  respiratory  phenomena  before  birth  the 

^''reri,nentalUe.earc,e.  on  Points  cLnectea  ..W^Z^^n^ 
ber  ISK1  «,  I,  -'""P*'^^'"""'  I)ubii8hed  in  tlio  American  Journal  of  the  Medical  Sciences  PliilnrVlnMn  n„t^ 
conclusions  vcTiL.r frequently  repeatod  to  public  dern'onstnations  amlthe 
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With  regard  to  the  influence  ot        P^^  J"';'^        h^,,       as  yet  been  made  the  Hub- 
hranches  themselves  are  BO  de^^^^^^^^^ 
joct  ot  dkoct  oxpenmont,  vvitn  any  pusiui 

^  ^fi,  rftnTilLaaeal  Neo-ves.—The  muscular  walls  and  the 

Properties  and  ^-f-"  J  .^Tuppl'd  fntirely  by  branches  from  the  pneumo- 
nmeouB  --r'^^-^^  ""^^  ^^^f  bySameuts  from  the  inferior  laryngeal  branches, 

gastrics.    The  upper  P°i^°;    ™P^^  the  posterior  pulmonary  branches,  and  the  infenor 
the  middle  PO^t-.      «  '^^Z    These  branches  are  both  sensory  and  motor 

portion  receives  •^^^^^f^^^^^^^^^^  for  the  mucous  membrane,  although 

bat  probably  the  motoi  «^  ^^^^^^^^^  , 

it  is  sensible  to  the  oxt  ernes  u-vMb  is  by  no  means  acutely  sensitive, 

sensation  upon  the  ^^^^^^^if^^^^^^^^^  by  branches  from  the  pneumo- 

That  the  movements  of  the  oesopnagus  ,  ^^^^^^^ 

pastries  has  been  ^^^^^J^JZ^^^^  ^M^tnt^ ^  the  arrangement  in  the 
which  the  anatomical  distiibution  ot  ^^^Z^*;^;  j^i     tl^e  serves  in  the  neck, 

human  subject,  the  entire  ^-P^.'^S-^/.  P^^f  in  dogs,  if  the  animals 

When  the  P-^^^g'^^t^^^^^'^  ^^'^^Htv  S  foo^^^  upper  .art  of  the  oesophagus  is 
attempt  to  swallow  a  considerable  <l^^f  ^^Y. ^  n  a  do.  n  which  a  gastric  fistula  had  been 
found  enormously  distended,  f^^^^^l^^f^l^'^^^^^  stomach,  although 

established,  that  articles  of  food  given  to  the  an  m^^^  P  ^^^^  ^^^^^^^ 

he  made  great  efforts  to  -'^^l--  ^^^^J^^^^^ 

regurgitated,  '"i^ed  with  mucus  but  of  com se  did  n  ^^^^^  ^^^^  ^^^^^^ 

Direct  experiments  upon  the  roots  °f  P^^^^^^^^^^^ 
nerves  influence  the  movements  of  the  -^^P^^^^^l^f  J^^^  from  what  nerves  these 
do  not  come  from  the  spinal  accessory;  but  it 
motor  filaments  are  derived. 

Properties  and  Functions  of  '^l^^^^'T^^^^^ 
distribution  of  the  terminal  bi.nches  ^l^^l^^^^^lZ  i-portant,  particularly  since 
is  evident  that  the  ^--'^f-\'[^ZXZ^^^^^^^^  thi  whole  of  the  small  intestine, 
it  has  been  shown  that  the  right  ^^J^  their  relations  to  the  liver,  the 

r r  St  ii— ^v^rpSe  in.rmation  with  regard  to  their  action 

upon  th^  spleen,  kidneys,  and  s^Pra''^"^^ 

Influence  of  the  Pneumogastrics  upon  the    ^"^^  the  most  important 

to  the  influence  of  the  pneumogastrics  upon  t^^^^^^  .^^  -^^^^^^.^ 

experiments  upon  the  ^^^^'l^^'''' ^^'.l^^^^^  in  addition  to  what  we  have  already 
shall  have  little  to  say  upon  this  ^-Y't^ZrZl^^  organ.  The  view  which  we  have 
stated  in  treating  of  the  liver  as  f^S^^  l^n  ^  ^^^^t  the  liver  is  constantly  producing 
advanced  with  regard  to  the  glycogenic  fu^^^^^^^^^  ^^^^^  in  its  passage  through 

sugar  during  life,  which  is  ^^F^.^^^^^.  .^^fno  su^ar,  under  normal  conditions    ^^  ith 
thfs  organ,  the  liver  itself  containing  1  ttle  or  no  sug^^^^^^  , 
this  view,  we  are  to  look  for  sugar  m  the  Wo°d  in  ce  _      ^^^^  ^.^^^^  . 

itself;  alihough,  after  death,  a  change  of  the  glyc^^^^^^^^  Normall)-. 
takesVce  with  great  rapidity,  and  suga^^^^^^^^^^ 

sugar  disappears  in  the  lungs  and  is  not  to™^^  pneumogastrics  bo  divided  in  the 
prSenceof  sugarin  the  urine  is  ^^^y^f^^^  Xr^^  to  one  or  two  days 

neck,  and  the  animal  be  killed  at  a  V^l^^ in  which  it  is  f  ne^a ; 
after  the  liver  contains  no  sugar,  undci  the  concn  ^^^^^^^  concludes  that 

vfz  'a  certain  time  after  death,  ^l^^^  ^^^^Tt^T^  divided.  The  oxperimen^ 
the  glycogenic  function  is  ^-^V'^^^''^  w  re  more  satisfactory,  as  in  these  be 

however,  made  by  irritating  the  pneumogastrics. 


PNEUMOGASTEIC,  Oil  PAR  VAGUM  NERVE. 


663 


looked  for  sugar  in  the  blood  and  in  tlio  urine  and  did  not  confine  his  examinations  to 
the  substance  of  the  liver. 

After  division  of  the  pnoumogastrics  in  the  neck,  if  the  peripheral  ends  be  galvanized, 
there  is  no  efl'ect  upon  the  liver ;  but,  if  galvanization  be  applied  to  the  central  ends,  the 
glycogenic  function  becomes  exaggerated,  and  sugar  makes  its  appearance  in  the  blood 
and  in  the  urine.  Bernard  has  made  a  number  of  experiments  illustrating  this  point, 
upon  dogs  and  rabbits.  The  galvanic  current  employed  wm  generally  feeble,  and  it  was 
continued  for  from  five  to  ten  minutes,  two  or  three  times  in  an  hour.  In  some  instances 
the  irritation  was  kept  up  for  thirty  minutes.  From  these  experiments,  it  is  assumed  that 
the  physiological  production  of  sugar  by  the  liver  is  reflex  and  is  due  to  an  impression 
conveyed  to  the  nerve-centres  through  the  pneumogastrics.  A  very  interesting  and 
adroit  experiment  by  the  same  observer  shows  that  section  of  the  pneumogastrics  be- 
tween the  lungs  and  the  liver  does  not  affect  the  production  of  sugar.  This  delicate 
operation  is  performed  by  making  a  valvular  opening  in  the  chest,  preventing  the  ingress 
of  air  by  suddenly  forcing  the  finger  into  the  wound,  and  then  introducing  a  long,  deli- 
cate hook  -with  a  cutting  edge,  and  dividing  the  nerves,  which  may  be  reached  by  the 
finger  in  small  dogs,  and  feel  like  tense  cords  by  the  side  of  the  oesophagus.  We  have 
already  noted  that  the  inhalation  of  irritating  vapors  and  of  antesthetics  produces  a 
hypersecretion  of  sugar  by  the  liver. 

The  remarkable  effects  of  irritating  the  floor  of  the  fourth  ventricle,  by  which  we 
can  produce  temporary  diabetes,  have  been  considered  fuUy  in  connection  with  the  gly- 
cogenic function  of  the  liver.  This  effect  is  not  due  to  a  direct  transmission  of  the  irri- 
tation to  the  liver  through  the  pneumogastrics,  for  the  phenomena  of  hypersecretion  are 
observed  in  animals  upon  which  this  operation  has  been  performed  after  section  of  both 
pneumogastrics  in  the  neck.  It  is  probable,  indeed,  that  the  impression  is  conveyed  to 
the  liver  through  the  sympathetic  system,  for  it  has  been  shown  that  animals  do  not 
become  diabetic  after  irritation  of  the  floor  of  the  fourth  ventricle,  when  the  branches 
of  the  sympathetic  going  to  the  solar  plexus  have  been  divided.  The  operation,  how- 
ever, of  dividing  the  sympathetic  nerves  in  this  situation  is  so  serious,  that  it  may  inter- 
fere with  the  experiment  in  some  other  way  than  by  the  direct  influence  of  the  nerves 
upon  the  liver. 

Influence  of  the  Pneumogastrics  vpon  the  Stomach  and  Intestines— Th&  number  of 
observations  that  have  been  made  upon  the  influence  of  the  pneumogastric  nerves  on 
digestion  in  the  stomach  is  immense,  and  many  of  the  earlier  experiments  were  quite 
contradictory.  We  do  not  propose,  however,  to  treat  of  this  subject  from  a  purely  his- 
torical point  of  view,  for  the  reason  that,  before  1843  and  1843,  when  gastric  fistulse 
were  first  established  in  living  animals,  little  was  known  of  the  normal  movements  of  the 
stomach  and  of  the  mechanism  of  the  secretion  of  the  gastric  juice ;  and,  farthermore, 
before  the  observations  of  Bouchardat  and  Sandras,  in  1847,  the  effects  of  section  of  the 
nerves  in  the  neck  upon  the  action  of  the  oesophagns  in  deglutition  were  not  understood. 
If  we  study  the  hterature  of  the  subject  anterior  to  1842,  we  find  a  great  deal  of  confu- 
sion, due  to  the  facts  just  stated.  Leaving  out  of  the  question  most  of  the  earlier  ex- 
permients,  we  shall  treat  of  the  influence  of  the  pneumogastrics  upon  the  stomach  and 
mtestmes,  under  the  following  heads  : 

1.  The  effects  of  galvanization  of  the  nerves. 

2.  The  effects  of  section  of  the  nerves  upon  the  movements  of  the  stomach  in  digestion. 

3.  The  effects  of  section  of  the  nerves  upon  the  secretion  of  the  gastric  juice  and  the 
chemical  processes  of  digestion. 

4.  The  influence  of  the  nerves  upon  the  small  intestine. 

;  mcts  of  GahanizaUon.—KB  the  result  of  recent  experiments,  the  effects  of  galvan- 
ization of  the  pneumogastrics  upon  the  movements  of  the  stomach  are  unquestionable 
^ongct  has  sliown  that  the  stomach  contracts  as  a  consequence  of  irritation  of  the  nerves' 
not  mstantly,  but  after  the  lapse  of  five  or  six  seconds.    He  explains  some  of  the  conS 
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,  ,      i.1  hv  tho  fact  that  these  contractions  are  very 

dictory  vcultB  obtained  by  o   e.-  «J    ^/.^J'^J^;  tho  .to.nach  i«  entirely 

marked  dur.ng  stotBach-d,gest.oa,        ^J^^^^^^^^^^  ^,,„rding  to  the  name  author, 

empty  retracted  on  ;  ^  J  «  produces  movement,  of  tho  intestines,  doc. 

irritation  ot  tlie  splanclmio  n^^^^^^^^^^  the  tardy  contraction  of  the  stomach  and  the 
not  affect  ^^^^^^ttion  o^^L'pnrmogastrics'upon  this  organ  and  the  action  of  the 
analogy  ^^^^'^^^^^^^^^^^^.J^.^lttriated  muscular  tissue,  Longet  assumes  that  the  motor 
sympathetic  nerves  "P°^  ^l'^  '"'^  ,  j^^^  p.^per  filaments  of  these  nerves,  but  to 
action  of  the  pneiunogastrics  i^^^^^^^  interpretation  removes  the  sh. 

filaments  derived  '^-'^^  ^  ^'l^^^^Z  Z  of  which  is  entirely  removed  fro.n 

pneumogastrics  are  divided,  under  these  conditions,  the  ^^^ti ^^^^^^^^^^^  ,^ 
Ltantly  cease,  the  mncons  -^brane  beeom  s  pd^  Malysis^f  the 

apparently  a-sted,  a^^^^^^^^^^  Z:XZ  \Z^Z^^^^^^  of  Bernard ;  but  his  experi- 
stomach,  etc.,  had  been  noted,  ion„  stomach  are  the  most  striking, 

ments  upon  animals  with  a  fistulous  OP;-^^  f  ^^^^^^^^^J.^f  the  stomach  in  digestion  by 
Notwithstanding  the  apparent  arrest  o  f^J^'^^XL^  show  that  substances  may 
section  of  the  pneumogastrics,  ^^P~f  ^^f^^^^^^^^^^^  although  they  are  greatly 

be  very  slowly  passed  to  the  pylorus  and  that  the  movem      ,  ^^^^^^^^^..^  beyond 

diminished  in  activity,  -e  not  entirely  aboli^^^^^^^^  ^^^^^^^.^^ 
.question  by  the  experimen  s  ot  S^^^^ff-  -^^^  f^^^^^^^^^        terminal  nervous  filaments, 
tion  of  the  nerves  to  local  irritation  of  the  ^^^^^  ^museum  ^^,__^hen  both  nerves 

^f.cU  of  Seaion  of  f  ^^^^  tr  mu^—^^^^   becomes  pale  and 
are  divided,  in  an  animal  m  full  d  gestion,  ^^^^tonce;  but,  if  the  a ni- 

flaccid,  and  the  secretion  of  gastric  ^^^^^^^^  m;y  be'secreted  as 

mal  survive  the  operation  for  a  day  or  two  a  ^ertam  ^-^^  ^  J  .^.i^ed 
the  result  of  local  stimulation,  and  digestion  of  a^^^^^^^^  y^^^  ^^^ous 

and  introduced  into  the  stomach  by  ^J'f'^^l^^^^^  tbe 
difiiculty  in  the  digestion  t l^^that  digestion  may  be  to  a  eer- 

ties  of  the  divided  nerves.  relations  of  the  pneumogastrics  to 

There  is  very  little      ^e  sa.i  ^f^^e^^^^^^^^ 
the  sensations  of  hunger  and  thirst.    I*  '^o^f         ^^^^^  that  they  should  be  involved 
tion  of  these  nerves  to  the  mucous  membi  ane  «  *    f  ^J^;^,^,        connection  with  ah- 
in  these  sensations ;  but,  in  treating  of        J-J^^f^  J  ^ ^ave  their  origin  in  the  genera 
mentation,  we  have  shown  that  l^^S^.^.^^^X  J^^^^  to  the  stomach  and  fauces,  and 
system,  although  the  sensations  a.-e  refeired  '^^^'^^^^      ^„th  pneumogastrics. 
that,  in  all  probability,  the  sensations  P^^"^  *  f  ^^^^^^^  from  the  stomach. 

With  regard  to  the  influence  ot  the  pneumogastiics  upo  P        ^^^^^^^^^  .^^^ 

we  have  aL  mentioned  the  fact  that  tl-  P«^^^^^  PO--/^,  p,,,,,ted. 
blood-vessels  may  be  retarded  by  «f  °  influence  of  the  pneumogastrics 

Physiologists  have  given  but  httle  attention  w 
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upon  tho  intestinal  canal,  for  the  reason  that  the  distribtition  of  the  abdominal  branches 
to  the  small  intestine,  notwithstanding  the  researches  of  Kollmaun,  in  1860,  does  not 
appear  to  have  been  generally  recognized.  The  right,  or  posterior  abdominal  branch  was 
formerly  supposed  to  be  lost  in  the  semilunar  ganglion  and  the  solar  plexus,  after  sending  a 
few  filaments  to  the  stomach  ;  but,  since  it  has  been  shown  that  this  nerve  is  supplied  to 
the  whole  of  the  small  intestine,  its  physiology,  in  connection  with  intestinal  secretion, 
has  assumed  considerable  importance. 

In  a  series  of  experiments,  by  Prof.  Horatio  0.  Wood,  Jr.,  of  Philadelphia,  the  impor- 
tance of  the  abdominal  branches  of  the  right  nerve  is  fully  illustrated.  These  experi- 
ments show,  in  the  most  conclusive  and  satisfactory  manner,  that  the  pneumogastrics 
influence  intestinal  as  well  as  gastric  secretion.  One  of  the  most  interesting  and  curious 
points  in  connection  with  their  function  is  that,  after  section  of  the  nerves  in  the  cervical 
region,  the  most  powerful  cathartics,  croton-oil,  calomel,  podophyllin,  jalap,  arsenic,  etc., 
fail  to  produce  purgation,  even  in  doses  sufficient  to  cause  death.  The  articles  used  were 
either  given  by  the  mouth,  just  before  dividing  the  nerves,  or  were  injected  under  the 
skin. 

Although  the  observations  of  Dr.  Wood  are  not  entirely  new,  they  are  by  far  the  most 
extended  and  satisfactory,  and  were  made  with  a  knowledge  of  the  fact  of  the  distribu- 
tion of  the  nerves  to  the  small  intestine.  Dr.  Wood  quotes  freely  from  the  experiments 
made  by  Sir  Benjamin  Brodie  and  by  Dr.  John  Reid.  Brodie  failed  to  produce  purging 
in  dogs,  when  both  pneumogastrics  had  been  divided  in  the  neck,  after  the  administration 
of  arsenic  by  the  mouth  and  after  injecting  it  under  the  skin.  Dr.  Reid  made  five  experi- 
ments, and,  in  all  but  one,  it  is  stated  that  diarrhoea  existed  after  division  of  the  nerves.  In 
twenty  experiments  by  Dr.  Wood,  there  was  no  purgation  after  division  of  the  nerves,  in 
one  there  was  free  purgation,  and  in  one  there  was  "  some  slight  muco-fecal  discharge." 
From  these,  Dr.  Wood  concludes  that,  while  section  of  the  cervical  pneumogastrics,  in 
the  great  majority  of  instances,  arrests  gastro-intestinal  secretion  and  prevents  the  action 
of  purgatives  upon  the  intestinal  canal,  a  few  exceptional  cases  occur  in  which  these 
eifects  are  not  observed. 

The  facts  just  mentioned  are  exceedingly  interesting  in  connection  with  the  experi- 
ments of  Traube  upon  the  action  of  digitalis  after  section  of  the  pneumogastrics.  It  will 
be  remembered  that,  in  these  experiments,  digitalis  failed  to  diminish  the  number  of  beats 
of  the  heart  when  the  nerves  had  been  divided  in  the  neck,  showing  that  the  separation 
of  the  heart  from  its  connections  with  the  cerebro-spinal  system  removed  the  organ  from 
the  peculiar  and  characteristic  effects  of  the  poison. 

It  would  be  interesting  to  determine  whether  the  pneumogastrics  influence  the  intes- 
tinal secretions  through  their  own  fibres  or  through  filaments  received  from  the  sympa- 
thetic system  ;  but  there  are  no  experimental  facts  sufficiently  definite  to  admit  of  a  posi- 
tive answer  to  this  question.  If  the  action  take  place  through  the  sympathetic  system 
as  m  the  case  of  the  stomach,  the  filaments  of  communication  join  the  pneumogastrics 
high  up  in  the  neck. 
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FUNOTIOm  OF  rilE  SPINAL  CORD. 


f  f  fl.«  oorebro-splnal  axis-Mcmbranea  of  the  encephalon  and  spinal  cord-Ceplmlo-racWdlnn 
General  arrangement  o        ^fo^the  sla^  cord-Direction  of  the  fibres  after  they  have  penetrated  the  cord  by  the 
liuid-Physmlorcal  nn«  cord-Action  of  the  Bpinal  eord  „b  a  eonduetor-Truns- 

roots  of  the  ^P'""  ""^'^'^^rthe  eor^^^^^  tl>e  motor  conduetors  of  the  cord-TransmiBBion  of  sen- 

„uss.on  of  moto  ^^^^l^^^^.^'X^,,,  ,,l„t,,ee  of  the  posterior  columns  does  not  conduct  sensoo'  imprea- 
sory  »"P';^  "  ay  Matter  aa  a  conductor-Probable  funetion  of  the  cord  in  connection  with  museu lar  co- 

sions-Aetion  ot  the  gi  ay  mauoi  „„,,„^.„„  .f  tlic  cord-Summary  of  the  action  of  the  cord  as  a  conductor 

onUnation-Uecussation  ome  ^^-^^^^^^^^_rA:ZlZ%.  d^eapitafed  animais-Deflnition  and  applications 
-.TT       ;:flT""t^^x  acti  n^^^^^^^^  cord-Question  of  sensation  and  volition  In  frogs  after  deeap.ta- 

of  the  term  "reflex  -^"""^  ""^""f  vin^  irritation  of  the  surface  in  decapitated  anin.als-DisperBion  of  impres- 
'^''-''i:'^ZfZ:^<^^  h  — tation  of  reflex  phenomena-Kxaggeration  of  reflex  excita- 

at:yehnine,  etc.-Keflex  phenomena  observed  in  the  human  sub.eet. 

TTkdee  tho  head  of  special  senses,  we  shall  coDsider,  in  succeeding  chapters,  the  prop- 
erties and  tnUons  of  the  first  and  second  nerves,  the  portio  xnollis  of  the  seventh  or 
ert  es  ^nsfitory  nerves,  comprising  a  part  of  the  glosso-pharyngeal  and  a 

'    rtont  t l     a^^     (the'  chorda  ty^ pani)  going  to  the  lingual  hranch  of  the 

Tr'lfiriudeafull  iount  of  the  ^^J^^^^^^^^^ 

General  Arrangement  of  tUe  Oerelro-s^inal  ^7'^^:  ^^^^^^^^^^^^^ 
the  cavity  of  the  cranium  and  m  the  spmai  cana  ,  .  the  ner  vous  sys- 

tem  18  composed  ot  white  ana  giay  nc.  v  .rnndia  which  act  as  nerve- 

1    i        Ti,Q  rrvav  infitter  constitutcs  a  cuam  01  guugna,  ^^m^ 

7^^^  a  Jo  serves,  to  a  f  ^-r  o^^^^^^^^^^^^^^ 

The  cerebro-spinal  axis  ,  certain  extent,  with  liquid, 

for  the  support  of  its  nutrient  f  "  ^"^^.^^'^  tte  central  canal  of  the  chord, 

and  it  presents  cavities,  as  the  ventricles  °f  ^^J^^™  even  to  the  naked 

which  contain  liquid.    The  gray  matter  is  g  ay  is  internal.  The 

eye.    In  the  spinal  cord,  the  white  substance  ^^^^^^^^^       IhL  substance  being 

substance  is  composed  chiefly  of  cells  ^^^^^  g^^.g^t  and  m 

The  encephalon  is  contamed  ^  ^he  cran ml  ^^^^^^^^^  convolutions,  by  which 

many  of  the  higher  animals,  .ts  surface  ^^J^'-^y^^^^^^  The  cerebrum,  the  cerebellum, 

the  extent  of  its  gray  stabstance  is  very         ^^^^^^^^^^  substance  of  the  enceplia- 

and  all  of  the  encephalic  ^^f^^^J^^^t^^^^^^^^  cord,  all  of  the  cerebro- 

lon  and  with  the  spinal  cord.  ^f^J^  '^^^^^^  ^,5,  ,cts  as  a  conductor,  and  its  diifer- 
spinal  nerves  are  connected    Tlie  cei  ebro  p  n  ^^^^^^^^      the  sensory 

ent  collections  of  gray  matter,  or  S'^^f  «'  ;'^;^y'  t,ansmitted  to  the  proper  organs 
conducting  fibres,  and  generate  nerve-force,  ^^hlch  is  tiansn 


by  the  motor  fibres.  „       ,    •  „„A 

,pra.l  cord  ore,  the  a«ra  .Mlot,  t1,»  .rac.lmmd,  0..1  H.»  P» 
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The  dura  mator  of  tlio  cncoplialon  is  a  dense,  fibrous  membrane,  in  two  layers,  oom- 
I)Osod  chiefly  of  inelastic  tissue,  wliicli  linos  the  craniaj  cavity  and  is  adherent  to  the 
bones.  In  certain  situations,  its  two  layers  become  separated  and  form  what  are  known 
as  the  venous  sinuses.  The  dura  mater  also  sends  off  folds  or  processes  of  its  internal 
layer.  One  of  these  passes  into  the  longitudinal  fissure  and  is  called  the  falx  cerebri ; 
another  lies  between  the  cerebrum  and  the  cerebellum  and  is  called  the  tentorium  ; 
another  is  situated  between  tlie  lateral  halves  of  the  cerebellum  and  is  called  tlie  falx 
cerebelli.  The  dura  mater  is  closely  attached  to  the  bone  at  the  border  of  the  foramen 
magnum.  Prom  this  point  it  passes  into  the  spinal  canal  and  forms  a  loose  covering  for 
the  cord.  In  the  spinal  canal,  this  membrane  is  not  adherent  to  the  bones,  M'hicli  have, 
like  most  other  bones  in  the  body,  a  special  periosteum.  At  the  foramina  of  exit  of  the 
cranial  and  the  spinal  nerves,  the  dura  mater  sends  out  processes  which  envelop  the 
nerves,  with  the  fibrous  sheaths  of  which  they  soon  become  continuous. 

The  arachnoid  is  an  excessively  delicate  serous  membrane,  in  two  layers,  the  surfaces 
of  which  are  nearly  in  contact.  The  external  layer  lines  the  internal  surface  of  the  dura 
mater.  Like  the  other  serous  membranes,  tlie  arachnoid  is  covered  with  a  layer  of  tes- 
selated  epithelium.  There  is  a  small  amount  of  liquid  between  the  two  layers  of  the 
arachnoid ;  but  by  far  the  greatest  quantity  of  liquid  surrounding  the  cerebro-spinal 
axis  lies  beneath  both  layers,  in  what  is  called  the  subarachnoid  space.  This  is  called 
the  cerebro-spinal,  or  cephalo-rachidian  fluid.  The  arachnoid  does  not  follow  the  con- 
volutions and  fissures  of  the  encephalon  or  the  sulci  of  the  cord,  but  it  simply  covers  their 
surfaces.  Magendie  pointed  out  a  longitudinal,  incomplete,  cribriform,  fibrous  septum  in 
the  cord,  passing  from  the  inner  layer  of  the  arachnoid  to  the  pia  mater.  A  similar 
arrangement  is  foi^nd  in  certain  situations  at  the  base  of  the  skuU. 

The  pia  mater  of  the  encephalon  is  a  delicate,  fibrous  structure,  exceedingly  vascular, 
seemiag  to  present,  indeed,  only  a  skeleton  net-work  of  fibres  for  the  support  of  the  ves' 
sels  going  to  the  nervous  substance.  This  membrane  covers  the  surface  of  the  encephalon 
immediately,  follows  the  sulci  and  fissures,  and  is  prolonged  into  the  ventricles,  where  it 
forms  the  choroid  plexus  and  the  velum  interpositum.  From  its  internal  surface,  small 
vessels  are  given  off  which  pass  into  the  nervous  substance. 

The  pia  mater  of  the  encephalon  is  continuous  with  the  corresponding  membrane  of 
the  cord ;  but,  in  the  spinal  canal,  it  is  thicker,  stronger,  more  closely  adherent  to  the 
subjacent  parts,  and  its  blood-vessels  are  by  no  means  so  numerous.  In  this  situation, 
many  of  the  fibres  are  arranged  in  longitudinal  bands.  This  membrane  lines  the  anterior 
sulcus  and  a  portion  of  the  posterior  sulcus  of  the  cord.  It  is  sometimes  spoken  of  as  the 
neurilemma  of  the  cord.  At  the  foramina  of  exit  of  the  cranial  and  the  spinal  nerves, 
the  fibrous  structure  of  the  pia  mater  becomes  continuous  with  the  nerve-sheaths. 

Between  the  anterior  and  posterior  roots  of  the  spinal  nerves,  on  either  side  of  the 
cord,  is  a  narrow,  ligamentous  band,  the  ligamentum  denticulatum,  which  assists  in  hold- 
mg  the  cord  in  place.  This  extends  from  the  foramen  magnum  to  the  terminal  filament 
of  the  cord,  and  is  attached,  internally,  to  the  pia  mater,  and  externally,  to  the  dura 
mater. 

It  is  not  necessary  to  enter  into  a  detailed  description  of  the  arrangement  of  the  blood- 
vessels, nerves,  and  lymphatics  of  the  membranes  of  the  brain  and  spinal  cord,  or  of  the 
vascular  arrangement  in  the  substance  of  the  cerebro-spinal  axis,  as  these  points  are 
chiefly  of  anatomical  interest.  The  circulation  in  these  parts  presents  certain  pecu- 
lianties.  In  the  first  place,  the  encephalon  being  contained  in  an  air-tight  case  of  inva- 
riable capacity,  it  has  been  a  question  whether  or  not  the  vessels  be  capable  of  contrac- 
tion and  dilatation,  or  whether  tlie  quantity  of  blood  in  the  brain  be  subject  to  modifi- 
cations in  health  or  disease.  These  questions  may  certainly  be  answered  in  the  affirmative 
n  infancy  and  in  the  adult,  when  an  opening  has  been  made  in  the  skull,  the  volume  of 
tlie  encephalon  is  evidently  increased  during  expiration  and  is  diminished  in  inspiration 
LnUer  normal  conditions,  in  the  adult,  it  is  |.robable  that  the  amount  of  blood  is  increased 
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in  expiration  and  diininished  in  inspiration  ;  but  it  in  not  probable  that  tl>o  cercbro-sp^^^ 
axis  Judergoes  any  considerable  movements.  The  important  pecuhar. Ues  m  tl  o  cerebr 
axis  uuaei toes  ^'J^  full  v  considered  in  connection  with  the  cn-culation.  It 

nas  been  s^^ow"  '       j ;  j  q  tj^g  blood-vessels  m  diameter  by  from 

with  lymphatic  trunks  or  reservoirs  situated 
^7  H  i^in  ,nlter    The  system  of  canals  may,  by  variations  in  its  contents,  serve  to 

:;t:u:e:hra,:^^^^^ 

CeM-racMdian  Fluid.-The  greatest  part  of  the  fluid  in  the  cranium  and  in  the 
•n„rctll  is  contained  in  what  is  known  as  the  subarachnoid  space;  that  is  between 
r trer/a  iro  t^^^^^  the       mater,  and  not  between  the  two  layers  ot 

t^e  racTmofd    The  venti-icles  of  the  encephalon  are  in  communication  with  the  cent  al 
fanal  o  •  Zcord  and  are  also  connected  with  the  general  subarachnoid  space,  by  a  nar- 
r  txlngu la   mSco,  situated  at  the  inferior  angle  of  the  fourth  ventricle.    By  this 
a  ra^rerentthe  liquici  in  the  ventricles  of  the  encephalon  and  in  the  -x^-l  -a  of  h 
cord  communicates  with  the  licpid  surrounding  the  cerebro-spinal  axis,  and  the  pressure 

^''l!^^^X^'o^^^^^^o-r^^..-  fl.ia  i.  .nipIymecL^ni^ 

«pLe,  but  it  is  the  most  definite  <^^^XeZ^^^^  fluid  does  not  produce 

The  discharge  of  a  certain  quantity  ot  the  ^epb  o 
any  marked  derangement  in  the  action  ^ftl-J^^^Xo/u    d  without  division  of  the 
allowed  to  flow  spontaneously  through  a  small  tiocar  '^'^T^^^  ^^^^  the  liquid 

muscles  of  the  neck,  tbere  follows  no  serious  nervou  ^-^^^^^^^^^^  afterward 
i.  drawn  out  forcibly  with  a  syringe  ^^^^^^^^^^^^^^^^^^^  due,  not  so  much 

seems  affected  with  general  paralysis.    The  e  P  J  ^g.^3i,^  of  blood, 

to  removal  of  the  fluid  as  ^^^-^^^l^^Llrl  sTdd  n  increase  in  the  quantity  of 
whicli  follow  sudden  diminution  in  the  pesBure    sua  .  i„n  of 

liquid  surrounding  the  cerebro-spinal  axis  P^^u^^;  [^S^^  n  animals, 

tbe  centres.    This  fact  was  demonstrated      J  ^^f^^^^^lfi'.Vr  t  subject,  by 

and  also  by  compressing  ^'^  t  the  eases  of  spina  bifida,  the 

which  the  fluid  was  pressed  ^f^^^^Xu  was  instantly  relieved  by  remov- 

--^"^     ''''' " 

In  all  probability  it  is  secreted  by  the  V^^  ^^^^^-  consideration  are,  in  brief. 

The  general  properties  and  <^«^P°^^*\«^,  ^/^J;",  from  viscidity,  of  a  distinctly 
the  following :  It  is  perfectly  t^a^spa^-^t  «  .°  ^^^^  ^  e  ^^^^^^^ 
saUne  taste,  alkaline  reaction,  and  ^'^f!^  ^  ^3,°^^  „  Jity  and  purely  uiechani- 
by  heat  or  acids.   As  we  should  ^^P^^  ^^f.^^s^o  parts  per  thousand).  It 

cal  function,  it  contains  a  large  proportion      ^^^J^^^  ehloride  of  potassium, 

contains  a  considerable  quantity  of  chloride  «  Z^^^^' ;*  ^^^^  .Edition,  it  contains 
sulphates,  carbonates,  and  all<aline  and  earthy  pho  ph^^^^^^^^ 

traces  of  urea,  glucose,  lactate  of  soda,  fatty  ^ay  be  stated,  in  gen- 

As  a  summary  of  the  function  of  the  "''Pf  ^^''^'^f/'!^  ^        fly  by  equalization  of  the 
eral  terms,  that  it  serves  to  protect  the  cerebro-spinal  axis,        J  y  l 
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pressure  in  tlio  varying  condition  of  tlie  blood-vessels,  accurately  filling  the  space  be- 
tween the  centres  and  the  bony  cavities  in  which  they  are  contained.  That  the  blood- 
vessels of  the  cerebro-spinal  axis  are  subject  to  variations  in  tension,  is  readily  shown  by 
introducing  a  canula  into  the  subarachnoid  space,  when  the  jet  of  fluid  discharged  will 
he  increased  with  every  violent  muscular  efibrt.  The  pressure  of  the  fluid,  in  this  in- 
stance, could  only  bo  affected  through  the  blood-vessels. 


Physiological  Anatomy  of  the  Spinal  Cord. 

The  spinal  cord,  with  its  membranes,  the  roots  of  the  spinal  nerves,  and  the  sur- 
rounding liquid,  occupies  the  spinal  canal  and  is  continuous  with  the  encephalon.  Its 
length  is  from  fifteen  to  eighteen  inches,  and  its  weight  is  about  an  ounce  and  a  half. 
Its  form  is  cylindrical,  being  slightly  flattened  in  certain  portions.  It  extends  from  the 
foramen  magnum  to  the  first  lumbar  vertebra.  It  presents,  at  the  origin  of  the  brachial 
nerves,  an  elongated  enlargement,  and  a  corresponding  enlargement  at  the  origin  of  the 
nerves  which  supply  the  lower  extremities.  It  terminates  below  in  a  slender,  gray  fila- 
ment, called  the  tilura  termiuale.  The  sacral  and  coccygeal  nerves,  after  their  origin 
from  the  lower  portion  of  the  cord,  pass  downward  to  emerge  by  the  sacral  foramina, 
and  they  form  what  is  known  as  the  cauda  equina. 

The  substance  of  the  cord  is  formed  of  white  and  gray  matter,  the  white  matter 
being  extei-nal.  The  proportion  of  white  matter  to  the  gray  is  greatest  in  the  cervical 
region.  This  fact  is  important  in  studying  the  course  of  the  fibres  and  in  view  of  the 
functions  of  the  cord  as  a  conductor.  The  inferior,  pointed  termination  of  the  cord  con- 
sists entirely  of  gray  matter. 

The  cord  is  marked  by  an  anterior  and  a  posterior  medium  fissure,  and  by  imperfect 
and  somewhat  indistinct  anterior  and  posterior  lateral  grooves,  from  which  latter  arise  the 
anterior  and  the  posterior  roots  of  the  spinal  nerves.  The  posterior  lateral  groove  is 
tolerably  well  marked,  but  there  is  no  distinct  line  at  the  origin  of  the  anterior  roots. 
The  anterior  median  fissure,  or  sulcus,  is  perfectly  distinct.  It  penetrates  the  anterior 
portion  of  the  cord  in  the  median  line  for  about  one-third  of  its  thickness  and  receives  a 
highly  vascular  fold  of  the  pia  mater.  It  extends  to  the  anterior  wliite  commissure.  The 
posterior  fissure  is  not  so  distinct  as  the  anterior,  and  it  is  not  lined  throughout  by  a  fold 
of  the  pia  mater,  but  is  filled  with  connective  tissue  and  blood-vessels,  which  form  a  sep- 
tum posteriorly,  between  the  lateral  halves  of  the  cord.  The  posterior  median  fissure,  so 
called,  extends  nearly  to  the  centre  of  the  cord,  as  far  as  the  posterior  gray  commissure. 

Physiologically  and  anatomically,  the  cord  is  divided  into  two  lateral  halves  ;  but  the 
division  of  each  half  into  columns  is  not  so  distinct.  Anatomists  generally  regard  a  half 
of  the  cord  as  consisting  of  three  columns :  The  anterior  column  is  bounded  by  the 
anterior  fissure  and  the  origin  of  the  anterior  roots  of  the  spinal  nerves;  the  lateral  col- 
umn is  included  between  the  anterior  and  the  posterior  roots  of  the  nerves ;  the  poste- 
rior column  is  bounded  by  the  line  of  origin  of  the  posterior  roots  and  by  the  posterior 
fissure.  Some  anatomists  include  the  lateral  with  the  anterior  column,  under  the  name  of 
the  antero-lateral  colunm,  talcing  in  about  two-thirds  of  the  cord.  Next  the  posterior 
median  fissure,  is  a  narrow  band,  marked  by  a  faint  line,  which  is  sometimes  called  the 
posterior  median  column. 

The  arrangement  of  the  white  and  the  gray  matter  in  the  cord  is  seen  in  a  transverse 
section.  The  gray  substance  is  in  the  form  of  a  letter  H,  presenting  two  anterior  and 
two  posterior  cornua  connected  by  what  is  called  the  gray  commissure.  The  anterior 
cornua  are  the  shorter  and  broader,  and  they  do  not  reach  to  the  surface  of  the  cord. 
The  posterior  cornua  are  larger  and  narrow,  and  they  extend  nearly  to  the  surface  at 
the  point  of  origin  of  the  posterior  roots  of  the  spinal  nerves.  In  tlie  centre  of  the  gray 
commissure,  is  a  very  narrow  canal,  lined  by  cells  of  ciliated  epithelium,  called  the 
central  canal.    This  is  in  communication  above  with  the  fourth  ventricle,  and  it  extends 
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bolow  to  tho  filura  termiuale.  Tliat  i>ortion  of  the  gray  connnisBuro  situated  iu  front 
of  tl.is  canal  is  soinotitnos  caUed  tho  anterior  gray  commissure,  the  posterior  portion 
being  known  as  the  posterior  gray  comn.issure.  The  central  canal  is  immediately  sur- 
rounded by  connective  tissue.  In  front  of  tho  gray  commissure,  is  a  mass  of  white 
substance  known  as  tho  anterior  white  commissure. 


n  II  11  III 

Z  fa.6^lX  5,  white  co".."i-u..;  .^  gray  comm>BBU^^^^  j.,,  posterior  cornaa 

P  .1  tn  the  Cray  substance  is  variable  in  different  portions  of 

The  proportion  of  the  ^^ite  to  he  g  ay  su^s  ^^^^^ 

the  cord.    In  the  cervical  region  throughout  the  whole  extent  of 

r:Z'VZZ:^!^^^^---^  —  and  .  e.sts  in  great- 

-"^^^^'s  composed  — Se 

ments,  and  blood-vessels,  the  latter  arranged  ^  ^        jf^^^/^iHy  inl^^ 

very  fine  nerve-fibres,  and  large  ^^^''^'ll^^'^Jl^^^^^^^^      elements,  the  cells  being  much 

cells  and  fibres,  called  the  substantia  g^':^^tmosa.  ^^^.^^ 
.     The  foregoing  description  of  the  ^^",f  J^^nn  the'^^^      axis  and  their  con- 
sary  to  a  comprehension  of  he  ^^^^fJ^Xa  ^  sis  of  our  knowledge  of  its 

nections  with  the  nerve-cells,  which  is  the  '  ^^.^^  l,^^e  already  been  de- 

physiology.  The  connections  between  the  f  J.^^^^^^JJ^^^^em.  The  multipolar 
Libed  in  the  chapter  upon  the  ^--^^-\'^''''''Z°^^^^^^  not  branch  and  are 

nerve-cells  are  supposed  to  present  certain  P>'°l""Sf      ~,  ,,lled  iierve-prolonga- 

directly  connected  with  the  medullated  nerve-fibres.  These 
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tions.  lu  addition,  fine,  branching  poles  are  described  under  tlio  name  of  protoplasmic 
prolongations. 

The  direction  of  the  fibres  in  the  cord  is  one  of  the  most  difficult  and  complicated 
problems  in  physiological  anatomy  ;  and,  especially  as  regards  the  posterior  roots  of  the 
nerves,  it  is  one  which  cannot  as  yet  be  elucidated  by  purely  anatomical  investigations, 
but  requires  the  aid  of  experimental  and  pathological  observations.  In  order  to  under- 
stand fully  the  importance  of  this  question,  it  is  necessary  to  bear  in  mind  the  following 
physiological  facts,  which  it  is  desirable,  if  possible,  to  explain  by  the  anatomical  rela- 
tions and  connections  of  the  fibres  and  cells : 

1.  The  cord  serves  as  a  conductor  of  impressions  to  the  brain,  conveyed  to  it  through 
the  posterior  roots,  and  of  stimulus  generated  by  the  brain  and  passing  from  the  cord 
by  the  anterior  roots  of  the  spinal  nerves.  This  action  is  crossed,  the  decussation  taking 
place  mainly  at  the  medulla  oblongata,  for  the  anterior  portions,  and  throughout  the 
whole  extent  of  the  cord,  for  the  posterior  portions. 


^'^mfnr'^ZJr/?„1>T'^'f  "-^  *''«f^*««^  <^»>-d  of  a  chiU  six  months  old,  at  ihemiddle  of  the  Umbarenlarne- 
^^^'J7afjrt:a££^^^^^  "-^  magnified  20  £uZtlT  %j 

(Gerlach  )  '  thefihrm%n  the  gray  Huhntatice  is  rendered  ummMlly  distinct. 

":,sst°ta 'coVm^^^^^^^^^^^  <Sr'?T" '  "^l  ™<"^ '  f  P"'"'""^        =  /■  ""terior  white 

canalwith  i^Ls  Pnlf^.Zm?     .  ,■     '"sciculi  of  the  autenor  eormia  and  the  anterior  columns:  g,  central 

thrgrayco^Li^sm^riVont^  T^  transverse  fasoicul?  of 

2.  Independently  of  its  action  as  a  conductor,  the  cord,  disconnected  from  the  rest  of 

ronn!?       -'f    '''''''  ^  "^'•^^-ce^ti-e,  by  virtue  of  its  gray  matter  and  the  fibres 

connected  with  the  cellular  elements  of  this  substance. 

nr«r^'""i?  "  T^"*^         1'°'°^''  ''•■^  ""^""''^  of  positive  demonstration,  we  are 

prepared  to  study  the  anatomical  relations  of  the  fibres  and  cells.    In  this,  we  shall  con- 
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tout  ourselves  with  the  following  very  receut  description,  quoted  in  full  from  Gerlach, 
vSLremboir about  all  of  our  positive  knowledge  upon  tl.e  eubject,  presented  ,n  tbe 
de^es  manner  possible.  This  extract,  the  translation  of  which  is  almos  hteral,  should 
be  rcfu  ly  studied  by  those  who  desire  to  learn  what  is  known  at  ti>e  present  day 
witr  ega  J  to  the  pbjsiological  anaton.y  of  the  cord.  As  a  preparat.on  " 
rwouldl  well  to  closely  examine  Fig.  223,  which  gives  a  general  view  of  the  different 
nnvt«  nf  tho  cord  shown  in  a  transverse  section : 

'  "Wit  the  p-esent  methods  and  means  of  investigation  at  our  command,  we  can 
scarcely  ie  an  exact,  detailed  description  of  the  course  of  the  fibres  m  the  spmal  cord 
soaicciy  givo  nbvsioloirv  of  this  organ.    Investigations  up  to  this  time  afford 

l  leSuh  f\S;;'L:ras  regards  the  course  of  the  fasciculi  of  tl.e  ante- 

r iol  roots  has  a  tolerably  definite  basis ;  and,  on  the  other  hand,  with  regard  o  the  fas- 
cicuH  gdng  to  the  spinal  cord  through  the  posterior  roots,  is  quite  incomplete  and  un- 

u^he  fasciculi  of  the  anterior  roots,  after  their  entrance  into  the  coi^,  pass  diagonally 

interior  cornua,  these  are  ''^     '^^^^^^^''^J^^^^^^  decussate  with  corre- 

.spinal  cord,  in  a  direction  from  without  ^^^^^j^J^^^^^f^^^  direction  and 

into  two  portions.    The  lateral  portion,  the  .T'^  ^^^^         bundles,  in  the 

passes  through  the  -^^tantla  gelatmosa,  dmdm^^^^^^^^^  ^^^^^^ 
manner  mentioned  above,  to  take  part     t'i?  ~  ,  portion  of  them  ascend- 

nerve-fibres.  mnt  fihres  nasses  to  that  portion  of  the 

u  The  median  (larger)  portion  of  the  f     '^^.^^l  irternally  and  posteriorly ;  and 
posterior  column  which  bounds  the  f  ^^^^^^^  ee^atjno^a  m^^^  P  ^^^^.^  ^^.^^^ 

Lrving,  takes  here  a  vertical  *°  f '^^Vhe  m'dirnToXior  root-fibres  then  under- 

upward,  but  perhaps  downward  as  ^^"^  J.^^l^f^^V^t,!  direction,  and  pass  to  tbe 
go  another  deflection,  by  which  they  agam  ^^^^  l^J^^^^^^^^^  portion  and  in  part 

gray  substance  of  the  posterior  cornua,  P^^*  ""^f^  f/^^o  the  farther  course  of 
ly  [he  inner  border  of  the  ^^^stantia  gelatinosa.  W^^^^^^  ,,^on 
the  posterior  root-fibres,  it  is  impossible  '^J'^^l^TZ  ^'oans  of  distinguishing  the 
that  the  present  methods  of  ^'^^''^f  Ration  do  no  affo^^  .^^.^^  cornua,  or 

posterior  fibres  from  the  nerve-tubes  m  f\;f2fteTorToLns  to  ascend  to  the  brain. 
•  those  passing  from  the  gray  substance  into  the  V^'^'Z  'Zl^t\us  the  posterior  cornua 
The  numerous  divisions  which  tiie  posterior  root-fibies  penet.at  g 
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immediately  undergo  indicate,  however,  that  a  portion  of  them  is  lost  directly  in  the  fine 
nerve-plexus  of  the  gray  substance.    But  at  the  same  time  there  are  numerous  fibres 
which  extend  forward,  and  others  whicli  take  a  more  or  less  wavy  course  toward  the 
median  line.    The  first,  perhaps,  can  be  regarded  as  posterior  root-fibres,  which  pass  in 
a  forward  direction  in  the  nervous  plexus ;  the  latter,  on  the  other  hand,  belong  to  the 
commissural  fibres,  which  cross  the  median  line  in  the  gray  substance  in  front  of  and 
behind  the  central  canal.    In  my  opinion,  the  fibres  which  penetrate  the  posterior  com- 
missure are  not  to  be  regarded  as.  belonging  directly  to  the  posterior  roots,  but  are  to  be 
considered  as  fibres  which  pass  backward  to  go  either  to  the  vertical  fasciculi  of  the  gray 
substance  or  to  pass  to  the  brain  in  the  posterior  columns.    If  this  idea  be  correct,  and 
it  is  sustained  by  analogous  conditions  in  the  anterior  coi'nua,  the  following  view  may  be 
given  of  the  course  of  the  fibres  of  the  posterior  roots  which  penetrate  the  gray  sub- 
stance :  '  A  portion  of  the  posterior  root-fibres,  immediately  after  their  entrance  into 
that  portion  of  the  gray  substance  which  contains  a  nerve-plexus,  is  lost  in  this  plexus ; 
another  portion  extends  farther  forwai-d,  and,  in  proportion  as  the  fibres  pass  forward^ 
they  likewise  take  part,  by  constant  divisions,  in  the  formation  of  the  nerve-plexus.  This 
plexus,  in  which  larger  and  smaller  aerve-cells  are  interspersed  as  it  were  as  knotted 
points  (KnotenpunUe),  is  in  direct  connection  with  the  plexus  of  the  anterior  cornua. 
From  these  cells  nerve-fibres  arise,  which  cross  the  median  line  in  the  gray  commissure 
in  front  of  and  behind  the  central  canal,  then  curve  backward  to  pass  up  to  the  brain,  in 
part  in  the  vertical  fasciculi  of  the  posterior  cornua,  in  part  in  the  posterior  columns, 
between  both  of  which  numerous  connections  may  exist  which  are  as  yet  inextricable.' 
This  view  involves  a  complete  decussation  in  the  spinal  cord,  through  the  fibrous  elements 
of  the  posterior  roots  passing  into  this  part.    Whether  this  be  in  reality  a  complete  or  a 
partial  decussation  in  this  situation,  a  part  of  the  fibres  arising  from  the  nerve-plexus 
passmg  simply  backward  without  crossing  the  median  line,  cannot  be  determined  by 
definite  anatomical  investigations ;  but  pathological  researches,  as  well  as  the  experi- 
mental results  of  that  most  competent  observer,  Brown-S6quard,  are  decidedly  in  favor 
ot  a  complete  decussation. 

"Finally,  it  must  be  admitted  that  two  points  especially  are  evident: 
"  1.  In  the  direction  of  the  nerve-fibres  which  enter  through  the  posterior  roots,  the 
gray  substance  has  more  numerous  connections  than  in  those  which  pass  to  the  spinal 
cord  through  the  anterior  roots. 

"2.  The  morphological  distinction  determinable  between  the  anterior  and  the  pos- 
terior roots  is,  that  the  former  take  their  origin  directly  from  the  nerve-cells  by  means 
ot  the  nerve-prolongatioms,  while,  in  the  latter,  it  is  only  indirect  through  the  nerve-plexus 
with  the  protoplasmic  prolongations,  and  in  this  wise  they  are  in  communication  with 
tne  nerve-cells. 

General  Properties  of  the  Spinal  Cord. 
In  treating  of  the  fonctions  of  the  spinal  cord,  we  shall  consider,  first,  its  general 
properties,  as  shown  by  direct  stimulation  of  its  substance  in  difl^erent  situations:  next 
Its  functions  as  a  conductor ;  and,  finally,  its  action  as  a  nerve-centre. 

Ihe  first  indication  that  the  diff-erent  columns  of  the  cord  were  possessed  of  difi-erent 
i!'!  1'  ^^a""-  ^''""'^  '°       experiments  of  Magendie.    This  observer,  however,  was 
T-^fT  11  "^^^onclnAon,,  particularly  with  regard  to  the  anterior  columns; 
out  he  stated  distinctly  that  the  posterior  columns  are  sensitive :  "  If  we  lay  bare  the 

f  "'^'^  «^  P"^'^  posteriorly,  the  two 

^Ui  y,  ,f,  on  the  other  hand,  we  make  the  same  trials  upon  the  anterior  portion  th« 
ZtlT  °'  ""t"^'^  ''''''''  '^PP^^^'^*-"  ^^'^^  time,  numerous  b  e™ 
t^ons  of  the  cord,  with  varymg  results.    These  observations  we  do  not  propose  to  d  scu  s 
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fully  iu  detail,  but  shall  rolbr  simply  to  certain  of  then. 

the  advautag;  of  a  knowledge  of  the  reflex  phenomena  follow mg  mtation  ot  the  co.d, 

■  .  ,        i.  1  +  .Vnn  into  ronsideration  m  such  experiments. 

^^''tSri  Svlau  atTh      sr  of  numerous  experiments  performed  upon  horses, 
In  ISbl,  ^^^'ll'^l^l^^^         ^  cats,  stated  that  the  antero-lateral  columns 

cows,  sheep,  g^'^ts,  rabb  ty ags.j^^^  .^^ 

of  the  cord  were  ^^^-^^^^^^  ha s  d  were,  that  direct  stimulation  of  these  portions  of  the 
ilf        is  Xio^tr  means  or  by  feeble  galvanic  shocks,  pro- 

cord  m  hvmg  ammals,  y""^^^"  /  .      ^pon  irritating  the  posterior  columns, 

ducod  no  contracfon  of  muscles  ^"/J^^^^^'^la  pai^  and  reflex  movements 
either  by  mechamcal  or  '  the  results  were  negative  when  the 

deep  portions  of  the  properties  as  the  posterior  roots  of  the  nerves,  espe- 

"Tv  J^tirro  ts  :Z!Z  L!lX  was  most'marked,  gradually  diminishing  in 
^lZ  lo^:rrTe^ea^  Hne;  but  the  deep  portions  of  the  cord  were  everywhere 
found  completely  i^^^-^^^^^tSorofohauveau  have  a  most  important  bearing  upon 

theSo-^cCr^-r^^^ 

logiJal  writers,  although  they  have  ^een  adm^it  d  by  som^e  exp  xn^  ,,marM^,^, 

euss  first  ^^^V^  ^^.^^^^^^S  ^^^^  P^P^^,  «^ 
in  their  negative  results,    we  snau  usu  „,,^,npri  directlv  to  it  to  certain  muscles, 

the  cord  which  enables  it  to  conduct  a  ^^j^^^^^^^^^^^^^^^^^^^  of  a  reflex  character, 

producing  convulsive  ^--^  ^^f,^^^^^^^^^^  of  which  an  irritation  directly 

Wfl  shall  aoplv  the  term  sensibihty  to  the  property  uy  vii  ui 

:p;,Ld  L  r,e,.d  to  the  *™,n  and  produce,  ^rrlLo-later.!  C.1«»B. 

tory  results  of  experiments  we  ^^^''''^^'^''^^^^^  occasion  to  note  the 

conditions  as  nearly  physiologica  ^^P^^^'^^^^.  /^^^...^  j^ldiately  following  the  very 
diminished  sensibility  of  the  roots  of  t^«^;P;?^'jf  ^f^X  ,oted  that  the  sensibility 
severe  operation  of  opening  the  spmal  «7^^^'Xrd  aL7the  animal  had  been  allowed 
increased,  probably  approaching  the  -^^l^*-^-^;  ^tS^.l^ions  about  two  hours  after 
a  few  hours  of  repose.    For  this  of  the  galvanic  current  beyond 

the  first  operation.  To  avoid  the  suspicion  of  an  ex^^^^^^^^^^  .J^^,,^^  first  made  by 
the  portion  of  the  cord  which  we  desn-ed  to  stimulate,  '^^  '^  experiment  is  the 

simply  scratching  the  parts  with  the  pomt  of  a  needle.    The  toliowi  g 
:^flf  several,  i^  all  of  which  the  results  were  l  en^^^^^^^^  ^^^^.^^ 

=t:^thei^s^s^^r::  — - 


wound  was  tnen  cioseu.         vi.^.-^--^-  ^ 

ence  of  ether,  and  it  lasted  about  t^ree-quai-ter  of  j  hour  ^^^^^^  ^^^^  ^^^^^ 

About  two  hours  after  the  firs  °P^^;'^*^°^';^^^^  and  the  properties  of  the 

the  Long  Island  College  Ho.p.t^.^2^^^^^^       XTuowing  observations  were  then 


the  Long  isiana  vyojic^o 

anterior  and  posterior  roots  were  demonstrated, 
made  upon  the  spinal  cord : 
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The  external  surface  of  the  posterior  columns  was  irritated  by  scratching  with  the 
point  of  a  needle.  This  produced  pain,  the  more  marked  the  nearer  the  irritation  was 
brought  to  the  origin  of  the  posterior  roots.  The  sm-face  of  the  cord  was  almost  insen- 
sible at  the  median  line.  A  feeble  galvanic  stimulus  was  then  applied  by  moans  of  a 
pince  electrique,  with  the  same  results.  The  deep  portions  of  the  posterior  columns 
were  then  irritated,  but  without  elFect. 

The  cord  was  then  divided  transversely,  and  mechanical  and  galvanic  stimulus  were 
appUed  to  the  cut  surfaces. 

The  surface  of  the  upper  end  of  the  cord  was  irritated  with  the  needle,  and  the  needle 
was  plunged  deeply  into  its  substance,  without  effect.  The  same  negative  results  foUowed 
application  of  the  galvanic  stimulus. 

The  lower  end  of  the  cord  was  then  elevated  with  a  hook,  and  the  surface  of  the 
anterior  columns  was  irritated  by  the  needle  and  by  galvanism.  The  invariable  effect 
was  convulsive  movements  in  the  lower  extremities,  without  pain.  The  same  irritation 
was  applied  to  the  deep  portions  of  the  anterior  columns  with  like  results;  viz  con- 
vulsive movements  in  the  lower  extremities,  following  the  irritation  unmediately  ' 

The  above-mentioned  phenomena  were  fuUy  verified  by  repeated  experunents  and 
the  animal  was  then  killed  by  section  of  the  medulla  oblongata.  ' 

The  general  movements  accompanied  by  evidences  of  pain  were  readily  distinguish- 
able from  the  local  convulsive  movements  with  no  pain. 

This  experiment  fully  confirms  the  observations  of  Ohauveau  with  regard  to  the  pos- 
terior columns,  but  it  shows,  in  opposition  to  Ohauveau,  that  the  anterior  columns  are 
excitable,  both  at  the  surface  and  in  the  deep  portions.  The  recent  observations  of 
Vulp.an  are  also  opposed  to  the  results  obtained  by  Ohauveau  with  regard  to  the  antero- 
lateral columns.  From  a  number  of  carefully-executed  experiments,  Vulpian  draws  the 
following  conclusions : 

"  1.  The  gray  substance  is  absolutely  inexcitable. 

"2.  The  anterior  fasciculi  possess  a  certam  degree  of  motor  excitability 

"  3.  There  is  no  doubt  that  the  posterior  fasciculi  are  very  excitable.    They  are 

\  Trd  rrVrf°""°*"'/'  ''''  '^^^  ^^-P^^  excito-motor  i^  the 

cord  be  divided  transversely  and  separated  from  the  encephalon.    It  is  the  same,  but 

;  fascicuT"  "  °'  t°  the  post;rior 

-  PorLfoVtU  l'^'''  """i^"  experiments  showing  the  excitability  of  certain 
:  Cvr'antoli^'  ''''''  the  purely  negative  results  obtained  by 

oue^fol^nfT^'  of  the  most  definite  and  reliable  experiments  of  others,  bearing  upon  the 

The  gray  substance  is  probably  inexcitable  and  insensible  under  direct  stimulation, 
ain  their  snW  7  ^""'        ^^^^'^^iWe,  but  are  excitable  both  on  the  surface  and 

meS  n  o  '      ^  stimulation  of  these  columns  produces  convulsive  move- 

Tan  frrT       ^^'f  -movements  are  not  reflex  and  are  not  attended  with 

pam_    1  be  lateral  columns  are  less  excitable  than  the  anterior  columns 

posteriori       f  i'""'*'  °^  *h^P°«t'^"°'-  is  very  sensitive,  especially  near  the 

Cen  bTe  !!    1  ''''  ^'^^  ^''^  P^"-^  «f       P-^sterior  columns  are  probably 

insensible,  except  very  near  the  origin  of  the  nerves 

cord  n?^r'  conclusions  refer  only  to  the  general  properties  of  different  portions  of  the 
'     pert  es  oTthe  '  ^"•^°^^t™"  ^  tl^at  we  demonstrate  the"  enera 
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G7b 

•     7  o     fie  Cord  —The  antero-lateral  oolumnB  of  tlie  cord, 
Trammimon  of  Motor  SUmnlu  ^n  tne  imitation,  an.l 

in  both  the  white  and  the  ^^^^^^^f^  ^c^^^^^^^^  l-Hphery.  This  statement  may 
they  conduct      -«tor  Btunulu  ft  ^^^^^  ^^.^J^^^.^        qualification.    If  the 

he  accepted,  as  the  re  uit  »f J^^^^^^;  ^  removed  for  a  certain  length,  the  amma 

posterior  columns  «  the  c^^^^^^^^^^  ^    f^^^  On  the  other  hand,  if  the  antero-  ateral 

retains  the  power  of  ^o'.'^^f  /  "     .  the  power  of  voluntary  motion  is  lost  ahB..- 

columns  of  the  cord  be  divided  on  bo^Wes^^o  1         ^^^^  ^^^^  ^^^^^  ^^^^  ^^^^.^^ 

lutely  in  all  parts  ^^tt  t  do"  "  -  ^  the  relative  importance  of  the  white 

would  he  an  interesting  point  to  deter        i  transmission  of  motor  stimulus; 

and  the  gray  substance  of  ^Hh  certainty  divide  the  gray  matter 

but  this  has  thus  far  beenimpo  s  b  e  J^  ^^^^'  ^^.^tance  intact,  nor  can  we 

of  the  anterior  columns  ^^-^P^^*  ^  .^'"J,  t^I  gray  As  far  as  experiments  go,  however, 
divide  the  white  substance  without  injui.ng  the  gi  ay.  ^  ^       ^^jte  substance, 

ly  seem  to  show  that  t--^^^^^ tru'  th  s  tSon'  We  shall  refer  far- 
hut  that  the  gray  matter  plays  an  ^P^^^ant  ^^^^^    ^ansmission  of  sensory  impressions, 
ther  on  to  the  action  of  the        -^^^^^^^^^^^  ™he  results  of  direct  experimenta- 

It  is  evident,  from  anatomical  fac  s  as  jeli  as  ^^^5^  ^the  anterior 

tion,  that  the  fibres  of  conduction  -{'^^^^Tf^^lZ^^^^^^^^  "  "° 

roots  of  the  nerves,  through  the  sp"^al  coid,  f .  om  aho  ^^^^^^^^ 

other  medium  for  the  t-^Xr^/JJ^^gL  ^  ofi>  below  the  section  are  para  yzed. 
divided,  all  the  muscles  ^-^^'  '^^^^"^  IZ^Zsoimo 

From  the  brachial  enlargement  of  the  ^o^^'  ^J^^'  .  ^^^^^  eoming  trom  the  lumbar 
iies,  and  the  inferior  -^remities  are  supij^d  m^^^^^^  ,,3,  ,l,eidated 

enlargement.    The  direction  of  these  mo  or  t  bies  ^^^^^     ^.^  .^^^ 

only  by  experiments  upon  ^Y^-^^;^:^^;^te  l'Si  yS  of  the  lower  extremities.    If  the 
the  dorsal  region,  there  is  '^^•^\"^^^'^°™PflX  Jiniuring  the  anterior  columns,  volun- 
ateral  columns  be  divided  in  tbis  situa^n,  Xd  fut  are  not  abolished.    If  the 

tary  movements  of  the  lo^^^^^J^^^^f.rceiS  region,  there  is  a  diminution  m  the  . 
anterior  columns  be  ^^^^'^f'^]^^^^^^^^^  when  the  section  is  made  m 

voluntary  movements,  but  this  is  by  "'^^  "^^^^^ '°  .  -^,3  in  the  upper  cervical  region,  the 
Ihe  dorsll  region ;  but,  if  the  ^^^^^^j'^^^^^^^^^^  show  that  the  situation  of  the 
paralysis  is  almost  or  quite  complete.    The^  ^.,,1  „^d  in  the  cervical  re^on 

chief  motor  conductors  o  the  cord  ^fg'^^^  ^^imulus  takes  place  through  fibr  s 
In  the  dorsal  region,  while  conduction  of  ttie  H^o  transmission  is  main  y 

contained  both  in  the  anterior  and  m  tl;^  1^^'  ^  ^'^,1,  less  important.    In  the 

through  the  anterior  columns,  the  lateral  f^^j^^onduction  takes  place  chiefly  by 
cervS  region,  the  conditions  are  ^.^^^^f ;/^^J,t'%'ownward,  therefore,  the  motor 
m  lis  of  the  lateral  columns.    Passing  aW  ;  but  progres- 

XTs  are  situated,  in  the  c^^^^^^^^^^ 

sSe^ss::rsis:i^cinefly.t^ 

Eecent  observations  have  not  «-ta;j^^/^;^7the  movements  of  the  thorax  The 
cord  contain  fibres  which  preside  ^V^'^^^l  J^^^^^  If  the  lateral  column  be  divided 
experiments  of  Yulpian  upon  this  point  a  ^  11-^}^^^^^^^^^  there  is  considerable  eniee^ 
npon  one  side  at  about  the  third  or  f.urrti^^^^^^^^^^^^^^^ 

bLent  of  the  muscles  of  the  thorax  upon  tlie  cone  P        b     ^^^^.^^  extremity.  This 

the  side  corresponding  to  the  section 
crying,  the  movements  are  very  markea. 

^       r^rrl  -Well-established  anatomical  and 

Decussation  of  tU  Motor  ^'>-^fZ^itX  -^--^V^^''^  ^'^^-^'^'''^  «^ 
pathological  facts  show  conclusively  that  theie 
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conductors  of  the  cord  ;  so  that  tho  stimulus  of  volition  generated  in  one  lateral  half  of 
the  brain  always  passes  to  the  opposite  half  of  the  body.  If  a  lesion  occur  in  the  brain 
upon  one  side,  so  as  to  produce  total  paralysis  of  motion,  the  opposite  side  of  the  body  is 
paralyzed,  while  voluntary  motion  is  absolutely  intact  on  the  side  corresponding  to  the 
injury.  In  the  anterior  pyramids  of  tho  medulla  oblongata,  tho  decussation  of  the  fibres 
is  easily  demonstrated  anatomically.  In  view  of  these  facts,  concerning  which  there  is 
no  difference  of  opinion,  it  only  remains  to  show  by  physiological  experiments  that  decus- 
sation actually  takes  place  at  the  medulla  oblongata,  and  to  submit  to  the  same  method 
of  inquiry  the  following  important  question :  Assuming  that  crossing  of  motor  fibres  takes 
place  at  the  medulla,  is  this  the  sole  seat  of  decussation  of  these  fibres,  or  does  it  also 
take  place  in  certain  portions  of  the  cord  below  ? 

The  question  of  decussation  at  the  medulla  oblongata  is  easily  answered.  In  the  first 
place,  we  have  the  crossed  action  in  hemiplegia  and  the  easy  anatomical  demonstration 
of  the  decussating  fibres.  The  experimental  confirmation  of  these  facts  is  not  so  simple, 
for  the  reason  that  animals  survive  operations  upon  the  medulla  oblongata  for  a  very 
short  time.  As  far  as  can  be  learned,  however,  from  the  latter  mode  of  inquiry,  the  con- 
clusions drawn  from  anatomy  and  pathology  are  fully  sustained.  If  the  medulla  be 
exposed  in  a  living  animal,  and  "if  a  section  is  made  longitudinally  just  at  the  place  of 
the  decussation  of  the  anterior  pyramids,  so  as  to  divide  completely  all  of  the  decussating 
elements,  we  find  that,  although  the  animal  lives  some  time  after  the  operation,  it  has  no 
voluntary  movement  at  all  in  any  of  the  limbs,  which  are  almost  always  the  seat  of  con- 
vulsions." (Brown-Sdquard.) 

The  question  of  decussation  of  motor  fibres  in  the  cord  itself  is  one  which  can  be 
settled  only  by  physiological  experiments,  as  the  course  of  the  decussating  fibres,  if  they 
exist,  cannot  be  demonstrated  anatomically.  It  is  remarkable  that  Galen  submitted  this 
point  to  experimental  investigation,  by  dividing  the  cord  longitudinally  in  the  median 
hne  in  the  lumbar  region.  This  operation  was  not  followed  by  loss  of  voluntary  power 
in  the  lower  extremities,  showing  that  the  motor  fibres  do  not  cross  the  median  line,  at 
least  in  this  portion  of  the  cord.  Eecent  experiments  upon  the  cervical  portions  of  the 
cord  show  that  there  is  a  very  slight  decussation  of  motor  fibres  in  this  situation.  The 
first  observations  pointing  to  this  conclusion  are  those  of  Brown-S6quard.  "There  is 
always,  even  in  mammals,  after  a  transversal  section  of  the  whole  or  a  lateral  half  of  the 
spinal  cord,  at  least  some  appearance  of  voluntary  movements  in  the  side  of  the  injury, 
and  always  also  a  diminution  of  voluntary  movements  in  the  opposite  side;  so  that,  in 
animals,  there  seems  to  be  in  the  spinal  cord  a  decussation  of  a  few  of  the  voluntary 
motor  conductors.  As  there  seems  to  be  no  such  decussation  in  man,  at  least  according 
to  several  pathological  facts,  we  shall  not  insist  upon  its  existence  in  animals." 

Van  Hempen  has  repeated  and  extended  the  very  remarkable  experiment  of  Galen, 
with  the  most  satisfactory  results.  This  observer  made  a  median,  longitudinal  section 
of  the  cord  in  dogs  and  rabbits,  at  the  site  of  the  fifth,  sixth,  and  seventh  cervical  ver- 
tebra. "  This  experiment  was  followed  by  partial  paralysis  of  voluntary  movements  in 
the  posterior  extremities,  so  that  the  animal  thus  operated  upon  moved  the  posterior 
imbs  and  was  able  to  change  his  position,  without,  however,  being  able  to  raise 
himself" 

As  there  is  some  difference  in  tho  results  of  observations  upon  different  animals,  and 
as  decussating  motor  fibres  have  never  been  demonstrated  in  man,  it  is  impossible  to 
apply  the  above  experiments  without  reserve  to  the  human  subject ;  but  they  show, 
nevertheless,  that,  in  mammals,  the  motor  columns  of  the  cord  probably  do  not  decussate 
in  the  dorso-lumbar  region;  that  partial  decussation  occurs  in  the  cervical  region;  and 
that  the  decussation  is  completed  in  the  anterior  pyramids  of  the  medulla  oblongata.' 

Transmission  of  Sensory  Impressions  in  the  Gord.—E&v\j  in  the  physiological  his- 
ory  ot  this  portion  of  the  nervous  system,  Longet  made  a  number  of  experiments,  which 
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i   •      ^^,.rr,■na  nf  +lip  pord  were  tlio  conductoi'B  of  sensory 
seemed  to  show  that  the  PJ  ™  f  ^^^^^^^^^^^  trans..ittod  the  n.otor  stin- 

impressions  to  the  bram,  ^^'^^^^  ^^l  TlZ^lns  dh-ectly  to  the  cord  itself.  Longet  dis- 
^'"v.  ?T  ""iLTmlde^TdS  Setntportioi  of  the  cord,  for  the  reason  tl.. 
credited  ^^--^^^X-^^t'  Jpe  atio/of  exposing  the  cord  and  of  removing  the  dura 
he  supposed  that  the  ^^^vous  action  sufficient  to  render  the  evidence, 

mater  -J.f  scarcely  appreciable.    The  conclusions  drawn  fro. 

ot  sensibility  m  the  ^oj^"^  accepted  by  nearly  all  physiological  writers,  and  it  was 

T:Z:Z7:LTj:^^ot  -s  effected  solely  by 

generally  admitted  tuat,  uie  l^ot,,  j^gen. 

tte  pcerior  ~  "-^^^  co  r^^^^^  »'=>™""'  "'T^'' 

Bible  and  moxcitable,  and  tlie  conaucuo  ^  ^  .  ^  opposition  to  those 

t,e  white  substance  _  The  views  o  ^on    ^^^^^^^^^^  ^  that  sensory 

of  Bellingeri,  who  claimed  m       3'      ^"^^^f^^^l  ^  the  gray  substance  of  the  cord, 

"zzz^^sL^         .l,..  ....  or po. 

'"i\r«:frL,.»— ^^^^^^^ 

cttes  of  to  cord  w«3  »e,J  moomplete,        '        f  ,„  <li,ect  Btimulatta  ;  but 

sensory  impressions  to  the  bram  ?  conductor  of  sensation  ? 

2.  Does  the  entire        Bubstanc  of  the  c^^^d^^^^^^^^      ^^^^^^^^  p^^^^^i,,  eol- 

3.  Do  both  the  gray  matter  of  the  coid  ^f  l^'^J     .    .^^     the  other? 

umns  act  as  conductors,  or  does  either  one  ac  the  most  positive 

conductors  of  sensory  impressions.  .        ^    ^^le  of  hut  one  construction.  If 

The  experimental  answer  to  the  first  q^es  ^on  i^  c ap         ^^^^^^^^  ^^^^^^.^^ 

the  white  substance  of  both  P-^^^™  ^^^^^^^^  sLown  by  experiments  npon  ani- 

extremities  is  not  dimmished,  at  least  as  tar  a  On  the  other  band,  if 

mals,  in  which  these  fl^^' ^^'^^^^^^  ,Wte  columns,  sensibihty  is 

ever;  portion  of  the  cord  be  divided  except  ^^^^  P°J^^^^^  these  results  cannot  be 
completely  lost  in  the  parts  below  the  sectaon^^  experiments  showing  the  conducting 
colled  in  question,  especially  show  that,  whatever  may  be  the 

properties  of  the  gray  substance  ''{^^'^Z  tC  do  not  serve  as  conductors  of  sensory 
functions  of  the  posterior  white  columns,  they 

impressions.  ^  nn^itive  answer  from  the  results  of  expen- 

se second  question  adm  ts  of  an  equaUy  posit  ve^^^^^^  ^^^^^.^^  ^„1,,,,3  o 

mental  inquiry  If  the  entire  substance  o  the  co  d,  P^^^^.^.^.^^  ,^  ,,,,^3,  4  in  all 
white  matter,  be  divided  transversely,  as  7^^^^"'  ;;^ting  of  the  transmission  of  motor 
parts  below  the  section;  but,  as  laavef  a^^^  '^^l  Experiments  show,  farther- 
stimulus  by  the  cord,  voluntary  -^-f^lteJ^^^l  by  the  gray  substance.  "  H  the 
more,  that  sensory  impressions  are  ^^^^^^^^^^^  ,  ^I^^i  cord  are  divided  transversely 
anterior,  the  lateral,  and  the  P-*-'^- at  a  d^^^^  ot  one  or  two  inches,  and 
at  the  dorsal  region,  one  set  at  one  fl^^^^f^^^J  ,  that  the  only  channel  of  commu- 
the  third  also  at  the  same  distance  ^'or^'^\^^'2sonnm  is  the  gray  matter,  of  which 
nication  between  the  posterior  limbs  and  ^^J^^J^^          as  the  anterior  and  he 

However,  several  P-^s  ha^^sr^^^^^^  " 
posterior  gray  cormm,  and  also  more  01  les 
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posterior  limbs  oi'e  still  sensitive,  though  evidently  less  than  in  the  normal  condition." 
(Brown-Sequard.) 

It  is  impossible  to  divide  the  gray  matter  of  the  cord  alone,  without  injuring,  more  or 
less,  the  white  substance;  but,  when  the  gray  matter  is  divided  with  very  slight  injury 
of  the  white  substance,  sensibility  in  the  parts  below  the  point  of  section  is  totally 
destroyed.  As  regards  the  part  of  the  gray  substance  specially  concerned  in  the  trans- 
mission of  sensory  impressions,  the  results  of  experimental  investigation  have  not  been  so 
definite ;  but  Brown-Sdquard  is  of  the  opinion  that  the  transmission  takes  place  chiefly 
in  the  gray  matter  surrounding  the  central  canal,  while  it  may  also  occur  to  some  extent 
in  other  portions. 

The  answer  to  the  third  question  is  deduced  from  the  answers  to  the  first  two.  The 
gray  matter  and  the  white  substance  of  the  cord  do  not  participate  in  the  transmission 
of  sensory  impressions,  this  being  efi"ected  by  the  gray  substance,  especially  its  central 
portion,  to  the  exclusion  of  the  white. 

The  precise  otfice  of  the  posterior  white  columns  of  the  cord  is  still  a  matter  of  con- 
jecture. If  these  parts  be  insensible,  except  on  the  surface  and  near  the  posterior  roots 
of  the  nerves,  and  if  they  take  no  part  in  the  transmission  of  sensory  impressions  to  the 
brain  (which  seems  to  have  been  conclusively  proven),  what  is  their  function  ? 

The  anatomical  relations  of  the  posterior  white  columns,  the  results  of  experiments 
upon  living  animals,  and  certain  well-marked  pathological  phenomena,  point  very  strongly 
to  a  connection  between  these  columns  and  the  coordination  of  muscular  movements. 

Probable  Function  of  the  Cord  in  Connection  with  Muscular  Codrdination. — Anato- 
mists have  not  been  able  to  trace  satisfactorily  the  direction  of  all  of  the  fibres  contained 
in  the  posterior  columns ;  but  it  is  probable  that  at  least  some  of  these  fibres  serve  as 
longitudinal  commissures,  and  connect  together  the  nerve-cells,  extending  for  a  greater 
or  less  distance  both  upward  and  downward  in  the  cord.  This  anatomical  arrangement 
is  rendered  probable  chiefly  by  the  results  of  experiments. 

If  the  posterior  columns  be  completely  divided,  by  two  or  three  sections  made  at  inter- 
vals of  from  three-fourths  of  an  inch  to  an  inch  and  ^  quarter,  the  most  prominent  effect 
is  a  remarkable  trouble  in  locomotion,  consisting  in  a  want  of  proper  coordination  of 
movements. 

In  the  remarkable  disease  known  under  the  name  of  locomotor  ataxia,  there  is  a  very 
peculiar  condition  of  the  muscular  system,  in  which,  while  the  power  of  the  muscles  is 
but  slightly  diminished,  the  movements  of  progression  show  great  deficiency  in  coordi- 
nating power,  frequently  attended  with  more  or  less  disturbance  in  the  sensibility  of  the 
parts  afi"ected.  These  symptoms  are  associated  with  structural  disease  of  the  cord,  gen- 
erally limited  to  the  posterior  columns  and  the  posterior  roots  of  the  spinal  nerves. 

Many  years  ago,  before  locomotor  ataxia  had  been  generally  recognized  by  patholo- 
gists, Todd  made  the  following  remarkable  statement  with  regard  to  the  posterior  col- 
umns :  "  I  have  long  been  impressed  with  the  opinion,  that  the  oflice  of  the  posterior 
columns  of  the  spinal  cord  is  very  different  from  any  yet  assigned  to  them.  They  may 
be  m  part  commissural  between  the  several  segments  of  the  cord,  serving  to  unite  them 
and  harmonize  them  in  their  various  actions,  and  in  part  subservient  to  the  function  of 
the  cerebellum  in  regulating  and  coordinating  the  movements  necessary  for  perfect  loco- 
motion." Todd  farther  states  that  this  view  is  supported, by  the  phenomena  observed  in 
cases  of  disease  "  distinguished  by  a  diminution  or  total  loss  of  the  power  of  coordinating 
movements.  ...  In  two  examples  of  this  variety  of  paralysis,  I  ventured  to  predict 
aisease  of  the  posterior  columns,  the  diagnosis  being  founded  upon  the  views  of  their 
tunctions  which  I  now  advocate ;  and  this  was  found  to  exist  on  post-mortem  inspection ; 
and  m  looking  through  the  accounts  of  recorded  cases  in  which  the  posterior  columns 
were  the  seat  of  lesion,  all  seemed  to  have  commenced  by  evincing  more  or  less  disturb- 
ance of  the  locomotive  powers,  sensation  being  afiected  only  when  the  morbid  change 
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of  structure  oxtondod  to  and  more  or  less  involved  the  posterior  roots  of  the  spinal 

,  n,l,1  that  the  views  of  Todd  have  been  in  the  main  confirmed 

t  is  only  tax ia  that  have  lately  been  so  fully  described  by 

"tf  ,  "T'L^rm  1  e  r^cH  i  is  ,nore  than  probable  that  the  posterior  columns 
pathologists;  ^^^^''^^^^^^^  segments  of  the  cord,  and  that  they  play  an  uu- 

contam  fabi-es  "J  the  a  j    ^,^,^ents.    The  general  function  of  coor- 

in  connection  with  the  cerebellum. 

J^ecussationoftne  Sensory  Oon^uotors  f  tU  C^^^^^^^^ 

the  conductors  of  the  motor  stimulus  j^^^^^^. 

As  early  as  1822  Foddra  made  a  ^o^^;^^-^l  ^^^^^^^^  enXn  was  destroyed,  and 

region,  exactly  in  the  median   ne.       ^^JT^  only  possible  to 

in  part  motion  upon  the  two  sides      ^J^^     ^^^.^  other,  it  is  evident  that 

of  motion.  i„„„cant;r.n  nf  the  sensory  conductors  in  the 

The  next  experiments  bearing  upon  the  ^"^^^^^^^^^^  upon  the  spinal 

cord  are  those  of  Van  Deen.    Among  the  nun^i ous  ob  ei  v^t  ^^^^.^^ 
cord  by  this  physiologist,  are  one  or  two     whi°h  h«  noted  ^^^^^^^ 
one  lateral  half  of  the  cord  in  the  f-g'/f  l^^^^^^  .iie  on  which  the 

animal  had  no  real  loss  of  sensibihty  in      P°  ^^^^^^^^         J-^       distinctly  state,  as  a 

arguments  in  favor  of  the  crossed  action^        .pathological  facts  show  that,  after  section 
Experiments  upon  living  animals  as  ^^^^^^i'l™^  sensibility  upon  the  cor- 

or  injury  confined  to  one  lateral  half  of  he  ^^^/^^^^i  ,  condition  of  well- 
respondlig  side  of  the  body  is  -"-^--^.^^^f^^S^^^  by  Fod^ra.  in  1822. 

marked  hypera3sthesia.    This  -^"^^f  ^^^^^^^^^^  very  much  extended,  by 

This  observation  has  been  confirmed,  ^^^^^l^^Z..  have  also  been  observed  in  the 
Brown-S6quard.    Oases  presenting  the  ^^^^^^I'^^^Zili  by  disease, 
human  subject,  when  one  side  of  the  <^!^^^Jl^ll'^^^^^        -Wch  follows  section  of  the 
Physiologists  are  at  a  loss  to  explam  the  ^^yP^J^f^^^'       -^3.    The  exaggeration  of 
sensory  conluctors  of  the  cord,  but  *  -J^*^^^^^^^^  to  increase  the 

sensibility  is  not  due  to  section  «f  f^'-^'^^^f  ^^7;™J,,%y  Vulpian,  it  is  sufficient  to 
impressibility  of  the  remaining  fif-'f^'^^.^^^.^^a  to  observed 
,.ek  with;  P^n  oue  o  ,  .ypera^sthesia  from  in.ury 

—:.r:::;;:r^;e  crossed  a.^^^^ 

In  treating  of  the  cord  as  a  conductoi  ot    W  ^  ^^^^^  also  seen,  in  con- 

that  this  function  is  performed  by  the  gray  f  ^--^^^  J^.^^,  that  this  is  efiected  by 
nection  with  the  phenomena  of  conductors,  except  by  virtue  of 

the  antero-lateral  columns,  which  do  not  '^^^  f    ^,tter  with  certainty  without 

their  gray  matter.   As  it  is  impossible  to  divide  the  giay 
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injuring  the  white  substance,  and,  as  we  are  fully  acquainted  with  the  motor  properties 
of  the  cord,  we  are  prepared  to  comprehend  the  effects  upon  conduction  of  sensory  im- 
pressions which  foUow  division  of  one  or  the  other  lateral  half.  In  our  detail  of  experi- 
ments, we  shall  not  consider  the  phenomena  of  hyperaasthesia,  but  confine  ourselves  to 
the  loss  or  diminution  of  sensibility. 

Brown-S6quard  was  the  first  to  demonstrate,  decussation  of  the  sensory  conductors  in 
the  cord  itself;  and,  although  his  experiments  upon  this  subject  are  almost  innumerable, 
and  his  writings,  scattered,  voluminous,  and  sometimes  not  free  from  the  obscurity  due 
to  unnecessary  refinement  and  elaborateness  of  detail,  the  main  facts  can  be  expressed  in 
a  very  few  words;  and  he  may  justly  be  said  to  have  created  the  physiology  of  the  sen- 
sory conductors. 

Brown-S6quard  repeated  the  experunents  of  Galen  and  of  Foddra,  dividing  the  cord 
longitudinally  in  the  median  line,  producing  complete  paralysis  of  sensation  upon  both 
sides  in  all  the  parts  below  the  section.  By  this  operation,  if  the  section  had  been  made 
accurately  in  the  median  line,  the  only  fibres  that  could  be  divided  were  those  passing 
from  one  side  of  the  cord  to  the  other. 

The  second  experimental  proof  of  the  decussation  of  sensory  fibres  consists  in  trans- 
verse section  of  one  or  the  other  of  the  lateral  halves  of  the  cord.  If  one  lateral  half  of 
the  cord  be  divided,  sensibility  is  abolished  in  the  parts  below  the  section,  upon  the  oppo- 
site side  of  the  body.  In  an  article  published  in  1858,  Brown-S§quard  details  very  suc- 
cinctly an  experiment  showing  this  fact,  though  his  first  experiments  were  made  in  1849. 
He  denuded  the  cord  in  the  lumbar  region  in  a  vigorous  dog,  and  made  sections  upon  one 
side,  progressively  deeper  and  deeper,  from  without  inward.  When  the  section  included 
about^  one-third  of  the  lateral  half,  the  sensibility  seemed  slightly  augmented  upon  the 
opposite  side.  This  section  involved  only  a  part  of  the  lateral  white  column  and  a  smaU 
portion  of  the  anterior  cornu  of  gray  matter.  When  the  section  was  extended  so  as  to 
involve  about  two-thirds  of  the  lateral  half,  the  sensibility  was  notably  diminished  upon 
the  opposite  side.  When  the  section  extended  to  the  median  line,  the  sensibUity  was 
very  much  diminished ;  and,  when  it  extended  just  beyond  the  median  line,  it  was  entirely 
abohshed  upon  the  opposite  side.  These  observations,  and  others  of  the  same  nature 
show  conclusively  that,  in  the  animals  experimented  upon  at  least,  there  is  a  decussation 
of  the  greatest  part  of  the  sensory  conductors  in  the  cord  itself. 

The  course  of  the  fibres  in  their  decussation  is  indicated  by  farther  experiments  which 
show  that  the  sensitive  fibres  from  the  posterior  roots  of  the  nerves  "pass  along  the  pos- 
terior columns  only  a  little  way,  and  leave  them  to  enter  the  central  gray  matter  "  It  is 
undoubtedly  in  this  gray  substance  that  they  pass  from  one  side  to  the  other,  probably 
through  the  ceU-prolongations.  The  fact  that  the  fibres  pass  in  the  cord  a  short  distance 
belore  they  decussate,  and  that  they  pass  downward  as  well  as  upward,  is  well  shown  by 
the  following  experiment : 

"  H  we  divide  transversely  a  lateral  half  of  the  spinal  cord  in  two  places,  so  as  to  have 
three  pairs  of  nerves  between  the  two  sections,  we  find  that  the  middle  pair  has  almost 
the  same  degree  of  sensibility  as  if  nothing  had  been  done  to  the  spinal  cord,  while  the 
two  other  pairs  have  a  diminished  sensibility,  the  upper  one  particularly  in  its  upper 
roots,  and  the  lower  one  in  its  lower  roots  ;  which  facts  seem  to  show  that  the  ascending 
nores  of  the  upper  pair,  and  the  descending  fibres  of  the  lower,  one,  have  been  divided 
before  they  had  made  their  decussation. 

pr,f"  ]^  P^'""  °^  between  two  sections,  its  sensibility  is  almost 

entirely  lost,  as  then  the  transversal  fibres  are  almost  alone  uninjured  (most  of  the  ascend- 
ing and  descending  being  divided),  which  fibres  are  employed  for  reflex  action,  and  hardly 
wr  tiie  transmission  of  sensitive  impressions."  (Brown-S6quard.) 

in  Jt^  "^P«'-™ental  facts  just  cited  conclusively  show  decussation  of  sensory  conductors 

othZl  "P°^  '  ^"'^       l^f^^  ^'^e"  sufficiently  confirmed  by 

other  experimenters  to  render  the  fact  certain.    It  is  possible  that  the  crossed  act  on  may 
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not  bo  90  con>plet6  in  some  other  classes  of  animals,  which  would  -^^^^^^t  f  j  ^^/(J^f^^^ 
obtained  by  those  who  have  denied  decussation;  but  cases  of  disease  of  the  cord  m  the 
human  subject  all  go  to  show  that  the  crossed  action  is  complete  m  man. 

Summary  of  the  Action  of  the  Spinal  Cord  as  a  Conductor. 

The  antero-lateral  columns  of  the  cord,  comprising  th^t  portion  included  between  the 
antSr  me  lian  fissure  and  the  origin  of  the  posterior  roots  of  the  nerves  are  msensible 
to Ti  rct'nSioB,  and  serve  as  conductors  of  the  motor  stimulus  from  the  bram  to  the 
,    nfr^atTof  the  nerves    If  these  columns  be  divided,  voluntary  motion  is  lost  in  all 
low  re?e^^  i^^^      the  rest  of  the  cord  be  divided,  leaving  the  antero-lateral  col- 
umns intact  the  power  of  voluntary  motion  remains.   Throughout  the  greater  part  of  the 
cri    h  ra  tion  is  direct,  and  division  of  the  antero-lateral  columns  upon  one  side  pro- 
d^es  p   aly     of  motioA  upon  the  corresponding  side  of  the  body.    There  is  a  decussa-  . 
ti^n  of  the  motor  fibres  at  the  medulla  oblongata,  and  probably  a  partia  decussation  in  t 
the  cord  itseTf  n  the  upper  cervical  region.    In  the  dorsal  region  and  below,  the  motor  | 
condu  ting  fibres  are  situated  chieflyinthe  anterior  columns;  but,  in  the  cervical  r^on, 
Jhese  fibres  pass  to  the  sides  and  are  contained  chiefly  in  the  lateral  columns.    The  con- 
tctln  ^f  moto^timu^^  effected  exclusively  by  the  white  substance, 

^"^rgr":irSr"^2rrrthe  medium  of  transmissionof  s^o^iu. 
.ressLns  to  the  brain.  This  is  effected  chiefly  by  the  gray  matter  surroundmg  the  centra 
cS  L  it  may  take  place  to  some  extent  in  other  portions.    If  the  -  ^  f^'^J  ^^^^^^^ 
?.  ?WklPrl  with  but  s  iRht  injury  to  the  white  substance,  sensation  is  lost  m  aU  paits 

Lllw^^^^^^^^^^^        Tl^e'white  substance  does  not  conduct 
to  the  brain,  either  in  the  antero-lateral  or  the  pos  enor  '^.f^J^^J^L^^eS^t^^^ 

cord  for  a  short  distance  upward  and  downwaid.    iney  ujb  i 

corresponding  side  of  the  body.  ,    .  ,    •„„!  „„t;on  nf  the  cord  are  the  fol- 

The  anatomical  points  bearing  upon  the  physiological  action  of  the 

:  .         ,        „,  anterior  erav  cornua  directly  and  are 

The  fibres  from  the  anterior  roots  P^net  ate  the  anterior  g  ay  ^^^^^  ^^^^ 

fibres  to  the  bram.  ,1irPPtions    Some  of  them  pass  to  the 

The  fibres  from  the  posterior  roots  ake  ^^^^.^^//^tnr'some  extending  upward  and 
gray  substance.  A  portion  passes  to  experi- 
'others  downward.  The  decussation  which  -  ^^.^  f  ^''^^  idouhtedly  takes  place 
ments,  has  not  been  satisfactonly  fo" owed  by  -^f^^^^'^;.^^'^,  ^he  fibres  themselves, 

t:tc:^r:i^s^^'^^  ''''' 

the  posterior  roots  are  connected.  , 
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Action  of  the  Spinal  Cord  as  a  Nerve-  Centre. 

It  has  long  been  known  that  decapitation  of  animals  does  not  immediately  arrest  mus- 
cular action ;  and  the  movements  observed  after  this  mutilation  present  a  certain  degree 
of  regularity,  and,  of  late  years,  have  been  shown  to  bo  in  accordance  with  well-defined 
laws.  Under  these  conditions,  the  regulation  of  such  movements  is  effected  through  the 
spinal  cord  and  the  nerves  connected  with  it.  If  an  animal  be  decapitated,  leaving  only 
the  cord  and  its  nerves,  there  is  no  sensation,  for  the  parts  capable  of  appreciating  sensa- 
tion are  absent ;  nor  are  there  any  true  voluntary  movements,  as  the  organ  of  the  will  is 
destroyed.  Still,  in  decapitated  animals,  the  sensory  nerves  are  for  a  time  capable  of 
conducting  impressions,  and  the  motor  nerves  can  transmit  a  stimulus  to  the  muscles ; 
but  the  only  part  capable  of  receiving  an  impression  or  of  generating  a  motor  stimulus  is 
the  gray  matter  of  the  cord.  If,  in  addition  to  the  removal  of  all  of  the  encephalic 
ganglia,  the  cord  itself  be  destroyed,  all  movements  of  voluntary  muscles  are  abolished, 
except  as  they  may  be  produced  by  direct  stimulation  of  the  muscular  tissue  or  of  indi- 
vidual motor  nerves. 

We  must  regard  the  gray  matter  of  the  brain  and  spinal  cord  as  a  connected  chain  of 
ganglia,  capable  of  receiving  impressions  through  the  sensory  nerves  and  of  generatmg 
the  so-called  nerve-force.  The  great  cerebro-spinal  axis,  taken  as  a  whole,  has  this  gent 
eral  function ;  but  some  parts  have  separate  and  distinct  properties  and  can  act  inde- 
pendently of  the  others.  The  cord,  regarded  as  a  conductor,  connects  the  brain  with  the 
parts  to  which  the  spinal  nerves  are  distributed.  If  the  cord  be  separated  from  the 
bram  m  a  living  animal,  it  may  act  as  a  centre,  independently  of  the  brain ;  but  the 
encephalon  has  no  communication  with  the  parts  supplied  with  nerves  from  the  cord,  and 
It  can  only  act  upon  the  parts  which  receive  nerves  from  the  brain  itself 

It  has  been  pretty  clearly  shown  that,  when  the  cord  is  separated  from  the  encephalon 
an  impression  made  upon  the  general  sensory  nerves  is  conveyed  to  its  gray  substance' 
and  IS  transformed,  as  it  were,  into  a  stimulus,  which  is  transmitted  to  the  voluntary 
muscles,  givmg  rise  to  certain  movements,  independently  of  sensation  and  volition 
This  impression  is  said  to  be  reflected  back  from  the  cord  through  the  motor  nerves- 
and  the  movements  occurring  under  these  conditions  are  called  reflex.  As  they  are 
movements  excited  by  stimulation  of  sensory  nerves,  they  are  sometimes  called  excito- 

on.,!!'  '"^'^  may  properly  be  applied  to  any  generation  of  nerve-force  which 

occurs  as  a  consequence  of  an  impression  received  by  a  nerve-centre ;  and  reflex  phe- 
nomena are  by  no  means  confined  to  the  action  of  the  spinal  cord.    The  movements  of 

the  cord.  The  movements  of  respiration  are  reflex,  and  these  are  presided  over  by  the 
medulla  oblongata.  Movements  of  the  intestines  and  the  involuntary  muscCeneraUy 
are  reflex,  and  they  involve  the  action  of  the  sympathetic  system  of  nerves.  ImSoos 
made  upon  the  nerves  of  special  sense,  as  those  of  smell,  sight,  hearing,  etc  give  r LTto 
er  am  trams  of  thought.    These  involve  the  action  of  the  brain,  but  s«ll  th  /are  reflex 

he  m-,?ti:rf  operations  of 

he  mind  w  th  ex  ernal  impressions  as  an  exciting  cause  ;  but  it  is  evident,  from  a  little 

Reflection  that  this  is  often  the  case.    This  fact  is  illustrated  by  operations' of  tie  braL 

which  take  place,  as  it  were,  without  consciousness,  as  in  dreams    It  has  been  cleX 

er  in  ""^^  ^  P<=^«°^  ^'^P-^  -'^y  be  made  to  dream  of 

meital  rlfl?''  ?  '  °'  '"^'"^^  ^^^^P^es  of  this  kind  of 

mental  reflex  action  are  sufficiently  numerous  and  well-authenticated 

J  rom  the  above  considerations,  it  is  evident  that  the  term  reflex  may  be  nrnnm-i^  ■■ 

n  CO     c,o,    ith  many  phenomena  involving  the  action  of  thrsympa'th  trs'y^  ^^^^^ 

the  bram  ;  but  it  is  generally  understood  as  applying  especially  to  involuntary 


move- 
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u^eats  occurring  without  consciousness,  as  the  result  of  impressions  made  upon  the  affe- 
rt  ne^v's  aM  involving  the  independent  action  of  the  spmal  cord. 

.    in    7    Tr>  nnd  1833   Marshall  Hall  described 

EeM  Action  of  tU  ^^^t^i^.  ■^^^<^^'^^^  -  ^  '\ 

minutely  the  movements  which  ^"^^^  1'''?':     ,    .  ^,1^^,,    l.enoniena  under  the  head  of 
.timulationofthesensoryne^-^^^^^^^^^^  Since  this  publica-  , 

"  the  rellex  function  ot  '^."i^"  of  some  of  the  older  physiologists,  \ 

tion,  a  new  interest  has  been  f^^^*^^^  ^^^^^^^^^^  1^  J  1,,,^  mentioned  more  or  less  defi-  i 
V^'^'^fZ^Z^Xo^^^^^^  knowledge,  it  has  often 

mtely.    In  the  ^'      J  ^^^^  foreshadowed  by  the  earlier  writers ;  and  b.bh-  , 

been  the  case  t'^^^'l'^f  ^^""V'^^l^"  literature  of  the  cord  as  a  nerve-centre  forms  no 
ographical  research  b^ows  tha  tbe^  Some  of  the  allusions  to  the  cord  as  a  centre 

exception  to  this,  -^'-f^^l^^'^ll  '^l^''^  vague  and  indefinite ;  but,  on  the  other  hand, 
of  reflex  action,  made  a^nor  to  1833  a  ^^^^^^^^  by  Legallois,  as  early  as 

certain  cxcito-motor  actions  weie  veiy  ^L^omena  and  showed  their  relations 

1812.    Marshall  Hall  gronped  and  classified  these  P^e°°°^^^J  ^     .^^^     t^^e  discoverer 
to  the  cord  as  an  independent  centre  ;  but  he  ^^^^  ^J^^.^e^^^^^  really  new. 

of  reflex  action,  and  his  ^-l^^^'^^^^  ^^'^^^^^^^^  familiar  to  every 

The  experiments  of  Marshall  Hall,  pubhshed  in      ^  .^nd  18d^, 

physiplogis't,  as  supplying  nearly  all  f  are  the  fSllow- 

which  he  assumed  to  have  experimentally  demonstiated  Dy  .^^  ^^.^^ 

i,g:  A  decapitated  animal,  the  only  part  of  ^^^^P;^^^^  Lm  all  extend  im- 
the  spinal  cord,  will  make  no  movements,  rf;^^ ^^ves  of  a  decapitated  animal  is 
presses.    An  impression  made  upon  the  ^^^^^^^  ^™  J,,,  ,ise  to  reflex 

•eflected  by  the  cord,  through  the  motor  '^^^'^^J'  ^Jf^J^t  simulation  of  the  surface. 
Hiovements.  H"  the  cord  be  destroyed,  no  -;«Td  °d  n"  r  flex  movements  can  take 
If  the  centripetal  and  the  centrifugal  nerves  Jmded,  no  r^^  observations 
place.    Experiments  upon  decapitated  ^-^^J^^^^^^^'^^^^  injury  to  the  cord, 

upon  acephalous  fcBtuses  and  in  cases  ^P^^^^^^^^^  ^y  ^ody  are  explained  by  the 
All  of  the  involuntary  movements  observed  in        ^^^^^^     ^  the  main,  con- 

theory  of  reflex  action.  These  ^^^-Tf^T^-ffi^ri  cation  ;  and,  by  some  writers 
firmed  by  Mmie.  in  the  --d^^^^^^  ^2^^,,,,^  ^iVen  to  both  Mailer  and 
the  credit  of  the  discovery  of  the  mecnanism 

MarshaU  Hall.  „r,t  condition  of  science  enables  us  to  take  with 

Erom  the  point  of  view  which  t^V^^^'^'^,*  ^"^f  ^^^^^^        the  accuracy  of  the  obser- 
.egard  to  the  reflex  action  of  f  Tdvan  e'hat  have  been  made  by  more 

vations  of  Marshall  HaU,  and  to  f  ^  ^^'^^^  our  inquiry,  to  ascertain  the  exact 

recent  observers.    It  is  important,  as       f  j^y  for  muscular  movements ;  and 

condition  of  decapitated  animals  as  regards  Hall  thought  that  an 

upon  this  point  there  is  some  ^^fferen  of  any  voluntary  move- 

animal  (a  frog,  for  example)  after  f,,.  ^s  exciting  cause,  an  external 

,nent,  or  of  any  movement  -^-f  /ij^^f  these  are  the  animals  most  com-, 

impression.    We  take  the  example  of  ftogs,  because 

moniy  used  by  experimenters.  .       ^^^^^  vigorously  after 

AU  who  have  experimented  "P^/l^^^^^^J^f  l^ont  ^^      movements,  so  called,  or 
decapitation;  and  the  question  .a.etl.  r  the  eh  J^^^^^^  ^^.^^  ,  ,  „ 

an  eicito-motor  action,  is  more  difiicult  to  ^^^^^^^^J^^^  ^,en  decapitated  the 

It  would  be  nnphilosophical  to  assume  that  heca   e^^       ^^.^      ^^.^^^^^  th 

n^ovements  are  due  to  external  -P-  ^^"^  ^^^^^^^  .Editions.  The  obvious  -ecessi  y  of 
possibility  of  spontaneous  i,upressions  or  of  irritation  ol  the 

the  argument  is  to  remove  all  possibility  of  ^^^e"!^'    j|  own  experiments, 

cord  it'self.  Upon  this  point,  we  ^^^J^^'llf^^^^^  intact,  if  we  wait  for  froo. 
If  a  frog  be  decapitated,  so  as  to  leave  only  the  spm 
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one  to  three  minutes  until  the  effects  of  the  shock  and  local  irritation  have  subsided,  if 
•we  then,  when  the  animal  has  become  perfectly  quiet,  cover  it  with  a  bell-glass,  and 
finally,  if  we  remove  all  possibility  of  jarring  the  table  on  which  the  animal  is  placed, 
there  is  no  movement  of  muscles.  In  making  an  experiment  of  this  kind,  we  occasionally 
see  movements  which  are  due  to  a  very  feeble  impression,  such  as  a  breath  of  air  or  a 
jar  from  the  street,  but  which  is  perfectly  evident  to  the  observer  ;  and,  when  a  move- 
ment is  once  made,  this  gives  rise  to  another  impression,  and  thus,  successive  actions  of 
the  muscles  may  take  place.  The  movements  in  jumping  are  so  simple  that  they  seem, 
sometimes  under  these  conditions,  to  be  voluntary.  The  effect  of  feeble  excitations  is 
also  very  marked  in  animals  poisoned  with  strychnine ;  but,  even  here,  we  do  not  have 
movements  unless  an  impression  be  first  made  upon  the  sensory  nerves.  When  we 
come  to  experiments  upon  the  mammalia,  there  can  hardly  be  any  question  of  this  kind ; 
for  here,  as  the  rule,  no  movements  are  observed  after  the  encephalic  ganglia  have  been 
removed,  unless  the  sensory  nerves  be  pretty  strongly  stimulated.  Analogous  phenomena 
are  observed  in  the  lower  extremities,  in  cases  of  paraplegia  in  the  human  subject. 

The  next  important  question  to  determine  is  with  regard  to  the  nature  of  movements 
excited  by  external  stimulation  in  decapitated  animals,  especially  fi-ogs  ;  for  some  of  these 
movements  are  so  regular  as  to  appear  to  be  connected  with  sensation  and  volition.  The 
experiments  of  Pfliiger  upon  this  point  are  very  remarkable.  These  have  been  repeatedly 
confirmed,  and  there  can  be  no  doubt  with  regard  to  their  accuracy.  Pfliiger  carefully  re- 
moved from  a  frog  the  entire  encephalon,  leaving  only  the  spinal  cord.  He  then  touched 
the  surface  of  the  thigh  over  the  inner  condyle  with  acetic  acid,  to  the  irritation  of  which 
frogs  are  peculiarly  sensitive.  The  animal  thereupon  rubbed  the  irritated  surface  with  the 
foot  of  the  same  side,  apparently  appreciating  the  locality  of  the  irritation,  and  endeavor- 
ing, by  a  voluntary  effort,  to  remove  it.  The  foot  of  this  side  was  then  amputated,  and 
the  irritation  was  renewed  in  the  same  place.  The  animal  made  an  ineffectual  effort  to 
reach  the  spot  with  the  amputated  member,  and,  failing  in  this,  after  some  general  move- 
ments of  the  limbs,  rubbed  the  spot  with  the  foot  of  the  opposite  side.  Although  this 
experiment  does  not  always  progress  precisely  in  the  manner  described,  it  has  succeeded 
perfectly  in  so  many  instances  as  to  lead  some  physiologists  to  conclude  that  sensation 
and  volition  are  not  entirely  abolished  by  removal  of  the  encephalon,  at  least  in  frogs. 

The^  remarkable  phenomena  just  detailed  are  to  be  regarded  from  two  points  of  view : 
first,  with  reference  to  their  bearing  upon  the  question  of  the  existence  of  perception  and 
volition  in  the  spinal  cord  of  the  frog ;  and  second,  the  question  of  the  application  of 
these  phenomena  to  the  physiology  of  the  cord  in  man  and  the  higher  classes  of  animals. 
The  conditions  of  the  experiment  in  the  frog  are  simply  these  :  Instead  of  exposing  the 
surface  to  a  single  and  instantaneous  stimulation,  the  excito-motor  effects  of  which  are 
observed  as  a  direct  response  to  the  irritation  and  immediately  cease,  we  have,  by  the 
application  of  acetic  acid  to  the  surface,  a  prolonged  impression  upon  the  sensory'nerves, 
which,  by  virtue  of  the  anatomical  connections  between  the  different  parts  of  the  cord' 
is  probably  dispersed  throughout  the  entire  spinal  axis.  That  powerful  impressions  may 
be  thus  dispersed,  there  can  be  no  doubt,  as  we  shall  see  farther  on.  The  phenomena 
under  consideration  certainly  point  to  an  appreciation  by  the  cord  of  the  locality  of  a 
powerful  impression,  and  this  could  be  manifested  in  an  animal  only  by  an  apparent 
muscular  effort  to  reach  the  irritated  spot ;  but  we  can  hardly  reason  from  this  fact  that 
m  man  and  the  higher  animals,  the  spinal  cord  shares  with  the  brain  the  power  of  appro- 
ciatmg  what  we  know  as  sensation  and  of  generating  the  stimulus  of  true  voluntary 
movement.  If  a  sudden  and  very  powerful  painful  impression  be  made  upon  the  surface 
in  man  under  normal  conditions,  the  hand  may  be  instantly  applied  to  the  affected  part 
apparently  before  we  really  appreciate  the  pain  or  have  time  to  make  a  distinct  effort  of 
the  will;  but  the  connections  between  the  different  parts  of  the  cerebro-spinal  axis  do 
not  perm.t  us  to  isolate  the  action  of  the  cord.  Certain  it  is  that,  in  the  higher  animals 
after  removal  of  the  encephalon,  and  in  experiments  upon  decapitated  cHminTls  and 
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patients  suffeHn,  fo.  po-plcf  a  t.ero 

entirely  ^^^^^^  already  incidentally  alluded 

It  .8  easy  to  f^^^^/^;^^^^^^^^^  upon  nervous  action,  occurring  in  decapitated 

that  the  ^;^X;Xn  ,t  cord  as  a  nerve-centre.   In  an  animal  in  which 

animals,  are  due  ^^  f  '^l'^^  f  '^vL,  as  they  are  after  decapitation,  especially  if  the 
"J^tetTsrd  wi Ts      hnine  or  opium,'all  movements  immediately  cease  when 
r  ll  is  de  troyed    Ttat  tie  gray  matter  of  the  cord  is  the  part  concerned  as  a  centre 

S^^tX  —  Bueceed,'hy  strongly 

^:!=::ir:^iti:r?p^^^ 

to  the  manifestations  of  reflex  phenomena  depending  upon 
the  action  of  the  cord  are  very  simple  and  easily  "^J^^^;^*"?*;-  roots  of  the  spinal 

In  the  first  place,  it  is  necessary  that       ^  .-"^^^/.^^^.f^^Xt  the  impression  to 
nerves  should  be  in  communication  with  the  cord,  m  o  der  to  concl  1^^ 

this  nerve-centre.    If  all  of       ^f^^''' '■^'  '^'^^^^^^^^ 

nication  between  the  periphery  and  the  centre,  and     "^^'^^^J''^"  strychnine, 
3..face.    WhentheexcitabUity  ofthe^ 

a  single  posterior  root  is  Bufficient  to  conduc  an     P  ^  of  the  impres- 

rise  to  violent  contractions  of  all  the  "i"^^^^^^^^^^  ^.    -^^  point  of  entrance  of 

sion,  under  these  conditions  of  increased  '^1  been  simply  decapitated, 

the  posterior  root,  throughout  the  ^^^^.^^^^^^^^^^^  feeble  single 

a  similar  diffusion  of  impressions  ;W  f  ^^^J  P^^t,^  J,  the  subjacent  muscles 
impressionbemade  upon  any  part  of  the  gener  '        ^^^^         ^^^1^      if  ,t  he 

only  are  the  seat  of  contraction  ;  but  it  the  imp  ^  ^^^^^  ^^^^ 

prolonged,  as  when  we  apply  a 

impression  may  be  diifused  throughout  the  cold  p^^^^^^^^^^^ 

oular  system.  We  have  already  ;^7;^;^^^;;^,tnn  the  course  of  a  nerve  is  conducted 
sensory  nerves,  that  an  impression  made  at  any  po  stimulating  the 

to  the  centre. '  Reflex  movements  -'^y;  .^^^rpo  terbr  Joots  of  the  spinal  nerves, 
sensory  nerves  in  their  course  or  by  ^^^^'^^J^'J^^^^^^^  integrity,  in  order  to 

We  have  already  stated  that  the  «°^^^°?^f^^\'!^"'_         transform  it,  as  it  were,  into 
receive  an  impression  made  upon  the  -^^f  ^^^^^^^^^^^^^  muscular  contrac- 

a  stimulus,  which  is  reflected  back  by  ^^^f^n  thi  connection  with  the  cord 

tion.    It  is  also  evident  tl^^\«- Xt/^  *°  " 

and  be  in  a  condition  to  conduct  the  f  ^^^^^^^^^^^^  ,  marked  degree  by  separating 

The  reflex  excitability  of  the  spinal  cord  «  -^^-^^^^^^  the  same  is  true  for  the 

this  portion  of  the  cerebro-spinal  axis  f^om  he  encep^  ^^^^^^  It 
lower  portion  of  the  cord,  when  .%«^f  °^ ;^™t.  ^  „f  this  fact;  and  the  phenomena 

isdiflirultto  find  an  -tiroly  satisfactory  x^^^^^^^  ,,,,i,nity  of 

observed  under  these  conditions  are,           ^  ;  of  the  cord. 

portions  of  the  general  surface  '^'^'^^ ''''  ''' ^^^^^^ 

Inexperimentsuponthe  ower  anima  s,  therefl^^^^^^^  Takc.for 

intensity  in  the  tetanic  condition  observed  ^7°;^°;°ftrychnine.  No  reflex  movements 
example,  a  frog  decapitated  and  f^^^^f.^^'^^^^tr^  nerves ;  but  the  slightest  irrita- 
occur  unless  an  impression  be  made  upon  the  sensory  n 
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tion,  such  as  a  breath  of  air  or  a  slight  jar,  throws  the  entire  muscular  system  into  a 
condition  of  violent  tetanic  spasm.  The  same  phenomena  are  observed  in  cases  of  poison- 
mg  by  strychnme  or  of  tetanus  in  the  human  subject.  This  fact  is  important  in  its  rela- 
tions to  the  treatment  of  these  conditions ;  for  it  is  evident  that 
in  such  cases,  the  exhaustion  duo  to  the  violent  spasms  may  be 
moderated  by  carefully  avoiding  all  unnecessary  irritation  of 
the  surface. 

It  was  shown  a  number  of  years  ago,  that  the  inhalation 
of  antesthetic  agents  may  abolish  all  of  the  ordinary  reflex  phe- 
nomena. Whether  this  be  due  to  an  action  upon  the  cord  itself 
or  to  a  paralysis  of  the  sensory  nerves,  it  is  difficult  to  determine. 
OrdinarUy,  in  animals  rendered  insensible  by  anfesthetics,  the 
reflex  acts  of  respiration  continue ;  but  these  may  also  be  arrested 
as  has  been  observed  by  all  who  have  experimented  with  anass- 
thetics,  especially  with  chloroform.  A  common  way  of  deter- 
mining that  an  animal  is  completely  under  the  influence  of  ether 
is  by  an  absence  of  the  reflex  act  of  closing  the  eyelids  when 
the  cornea  is  touched. 

It  now  only  remains  to  show  that  the  phenomena  of  reflex 
action  observed  in  experiments  upon  the  inferior  animals,  espe- 
cially frogs,  are  appUcable  to  the  human  subject,  and  to  indi- 
cate the  muscular  actions  which  depend  upon  the  cord  as  a 
nerve-centre. 

It  is  only  necessary,  after  what  has  gone  before,  to  indicate 
in  a  general  way  the  phenomena  observed  in  the  human  sub- 
ject which  illustrate  the  reflex  action  of  the  cord.    It  is  a 
common  observation,  in  cases  of  paraplegia  in  which  the  lower 
portion  of  the  cord  is  intact,  that  movements  of  the  limbs  fol- 
low titillation  of  the  soles  of  the  feet,  these  movements  taking 
place  independently  of  the  consciousness  or  the  will  ot  the  subject 
experimented  upon.    Acephalous  foetuses  will  present  general 
reflex  movements  and  movements  of  respiration,  and  .will  even 
suck  when  the  finger  is  introduced  into  the  mouth.  Observations 
wJlf^cSSr"*  °f       ^i^'l       80  numerous  and  familiar  that  they  need  not  be 
cited  m  detail.    Experiments  have  also  been  made  upon  crimi- 
nals after  decapitation ;  and,  although  the  reflex  phenomena  are  not  so  weU  marked  and 
cannot  be  excited  so  long  after  death  as  in  cold-blooded  animals,  they  are  sufBciently  distinct 
It  IS  difficult,  in  studying,  in  the  human  subject,  the  ordinary  phenomena  of  move- 
ments  in  the  voluntary  muscular  system,  to  isolate  the  reflex  phenomena  from  those  acts 
mvolvmg  sensation  and  volition.    In  many  persons,  titillation  of  the  soles  of  the  feet  pro- 
auces  violent  contractions  of  muscles,  which  camiot  be  arrested  by  an  effort  of  the  will,  and 
h  s  may  even  be  followed  by  general  convulsions.    When  we  unexpectedly  touch  an  irri- 

Ztl^  T  "'^^^''^^  -  quickly  that  we  may  suppose 

hat  th  s  takes  place  before  we  really  appreciate  the  painful  sensation,  and,  if  the  imprest 

Slv  Jn,V  inovements  more  or  less  general ;  in  operating  upon 

S  eve    r  r  "    ''^"""^  ""P"^^^'^^  ''^  ^^^^^  movements,  as  the  closing 

c  r  full?  i!J  r  '  '''''  ''^'^  movements  may  be  produced  by 

Most  0?  the  t        '  f  T  =        ''''''  '^^^'^'^^^^  '^-^  -ight  be'eited 

cons  dlrl      1  *™°'?^^ol"°ta>-y  movements  are  reflex;  but  these  have  been  or  will  be 

"np  S  ilnoT/"'"  deglutition  depend  upon 

4i  Son  r  '  ri  K  n^ombrane  of  tlie  pharynx,  etc.    The  movements  of 

-^tT^ZT^I^^^^  '-^-'P-        general  sensory  nerves,  du  o 

oxygen,  as  we  have  shown  m  treatmg  of  respiration.    The  ejaculation  of  semen 
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is  also  reflex.  Important  reflex  actions  take  place  ^-^gj^^^-y^Pf  J;^^^^^^  ZJto  con- 
as  the  movements  of  intestines  vaso^^^^^^^^^^  o  ■  ^^^^^^^^ 
sidered  fully  nnder  the  head  of  the  ;y™P^^^;;;VJ  ^  the  movements  of  the 
heart,  the  contracUonB  o  '^^  ^'^^^^^^  the  cereiro-spinal  system, 
iris  etc.,  are  -J^^^J^^f,^^^^;  ^^^^^^  as  a  nerve-centre,  there  are  undonhtedly  many 
As  regards  the  farthei  act  on  oi  r                                      cerebro-.pinal  axis ;  but 


CHAPTER  XXI. 

Tfl-j?   ENCEPnALIG  GANGLIA. 


^olnfs  in  the  physiological  anatomy  '^[''^^  ^'^^Z^^mIZLu.  in  the  lower  animalB-Pathological  fact, 
[he  cerebrum-Functions  of  the  <='^-brum-Kxt.^^^^^^^^^^      development  of  the  cerebrum  in  the  lower  animals  I 
bearing  upon  the  functions  "V^'f,^  ^^^^^^^^^^^^^  different  indi^iduals_Location  of  the  faculty  of  artjc  | 

Development  of  the  cerebrum  in  different  ,obes-The  cerebellmn-Some  points  in  the  phys.o-  ^ 

ulate  language  in  a  ^^^^"''t^ed  portion  of  the  «^^^^^^^^  eerobeUum-General  properties  of  the  cerebeUum-  \ 

logical  anatomy  of  the  cerebellum-™  . 
Functions  of  the  <=«'-'^boUum-Extirpatton  of  the  c^^^^  g,„erative  amction-Development  of  the  cerc.he  - 

tionsof  the  cerebeilum-Conncct,on  °f  /^^^^^•^"^^.J^^^.phLn.Corpora  striata-Optic  thalami-Tubercula 
,um  in  the  lower  ^^^-'^-'^^'^f'^^l'l'^CtlZ^  oblongata-Physiological  anatomy  of  the 

quadrigemina,  or  optic  '"^^^-^f^f^f^^J^  „t«a-^^^  of  "^'""S"'"  """^  respu-afon- 

medulla  oblongata-Funct.ons  ot  «  °  ^"l*^"^  ~  reflex  acts-RoUing  and  tui-ning  movements  fol- 

Tn.  anatomy  of  the  encephalon^  S:SX::SLrsrri::ot" 
tage  only  by  a  very  mmute  and  ^^^^^^f  ^'^^^f       ,      J,es  npon  the  nervons  system, 
some  of  the  elaborate  anatomtca  works  or  m  ^P^^^^^  anato.ny  of  the 

We  shall  not  consider  under  a  d.stmct  e^^^^^^;  \^    ,  fg^orant  of  the  exact 

brain,  for  the  reason  just  given,  n.^rent  of  miny  of  its  pSts  and  their  physi- 

connection  between  the  structure  and  '^'•^•^^Sen^en^^^^^^^ 

ology.  We  know  that  the  gray  substance  is  ^^P^^^^^^;^  "PP'^'^'J'  derating  the  so-called 
iiTessions  received  by  the  P-P^^  ^j;"^^^  axis  by  the 

nerve-force.    ^^V^-^^^'^^- ^'^'"'^^'^^^'^^^  the  cord  or  by  the  cranial 

sensory  conductors,  passing  to  the  1^^^^^'  f  ^  \72se  of  general  sensibility.  The 
uerves.  and  by  the  nerves  of  ^V^'^^-'^^^^Z^.l  i  generated  in  the  brain  and  is  con- 
stimulus  which  gives  rise  to  J^^'J^^^^^^j^^^'^^^^^^^^  We  have  seen,  also,  that  the 
veyed  by  the  motor  nerves  to  tl^«  JP^f  ^  ^  action.    In  addition,  parts  of  the 

sr:c:?:=rni^^^^^^ 

°^1^^C.alon,  or  what  is  ordinarily  -^^^h  Sr:^?^^ 
ganglia,  or  collections  of  gray  ^^^^^^^^^^^^^  the  general  system. 

Lt  columns  of  the  cord,  wtth  the  motox  ^^<^  ^^^^^^^^^^^  are  more  or  less  ^om" 

tain  of  these  ganglia  have  separate  and       "^cM'^"  .  .  .^^stance,  the  physio- 

pletely  understood;  while  there  -e,  in  addu  on  masse  o  ^^>^^_  d 
fogical  relations  of  which  are  as  yet  ^^^^J  ^^^^J^^^U  hemispheres,  nndoubtedly  ba^ 

Confining  ourselves  strictly  to  the  limits  ot  posit 
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the  following  parts  of  the  cncophalon  as  distinct  ganglia:  1.  The  gray  matter  of  the 
cerebral  hemispheres ;  2.  The  gray  matter  of  the  cerebellum;  3.  The  olfactory  ganglia  ; 
4..  The  gray  matter  of  the  corpora  striata;  5.  The  gray  matter  of  the  optic  thalami ;  6. 
The  tubercula  quadrigemina  ;  7.  The  gray  matter  of  the  tuber  annulare,  or  pons  Varolii ; 
8.  The  ganglion  of  the  medulla  oblongata.  In  addition,  the  following  parts  have  been 
made  the  subject  of  physiological  investigation  or  speculation,  with  results  more  or  less 


Fig.  m.— Vertical  section  of  the  encepJtalon.  (Hirschfeld.) 
1,  meduMa  oblongata;  2,  tuber  annulare;  3,  cerebral  peduncle;  4,  cerebellum;  5,  aqueduct  of  Sylvius  •  6  valvp 
T,lty,if'°'=  ?'  quadrigemina;     pineal  gland;  %  inferior  p'ed.mcle;  10,  suplZVedulal 

11  midd  e  portion  of  the  great  cerebral  tissure  ;  \%  optie  thalamus;  IS,  13,  gray  iommisfm-e  -  14  choroid 

^""^'J'  18,  bulb' of  the  fornix;  19^ 'anterior  per 

9i  f^tTT  V  m'        "o  T?}'  <=?"™"°is ;  21,  optic  nerve ;  22,  'anterior  commiBsure  of  the  cerebrum  • 

2H°/™7  °' M""?™;  24,  section  of  the  fornix  ;  25,  septum  lucidnm;  2«,  2T,  28,  corpus  callosum  ;^iioll 
?his  secUon?  °^    '  cerebrum.   The  olfactory  ganglia  and 'corpora  striata  are  not  showi  in' 

definite :  The  peduncles  of  the  cerebrum  and  of  the  cerebellum  ;  the  pineal  gland  ;  the 
corpus  callosum  ;  the  septum  lucidum  ;  the  cerebral  ventricles  ;  and  the  pituitary  body. 
We  have,  however,  little  if  any  positive  information  concerning  these  parts,  except  as 
regards  their  general  anatomical  relations  ;  and  their  physiology  really  amounts  to  httle 
more  than  a  history  of  the  vague  speculations  of  the  ancients  or  the  fruitless  experiments 
of  modern  observers.  It  is  to  be  hoped  that  future  anatomical  investigations,  chiefly  in 
following  out  the  course  of  the  fibres  of  the  encephalon  and  their  connections  with  the 
cells  of  the  different  collections  of  gray  matter,  will  throw  light  upon  the  functions  of  this 
part  of  the  cerebro-spinal  axis  ;  but,  at  present,  all  physiologists  wiU  admit  that  we  have 
received  very  little  aid  from  this  source.  In  our  anatomical  descriptions,  therefore,  we 
shall  confine  ourselves  to  those  points  that  are  strictly  physiological. 

Weight  of  different  Parts  of  the  Brain  and  of  the  entire  Ence2}halon.—Ko&t  of  the 
tables  of  the  weight  of  the  healthy  adult  brain  of  the  Caucasian,  given  by  different  ob- 
servers, show  essentially  the  same  results,  the  differences  amounting  to  only  one  or  two 
ounces  for  the  entire  encephalon.  The  average  given  by,Quain  is  49|-  ounces,  avoirdu- 
pois, for  the  male,  and  44  ounces  for  the  female.  This  is  the  general  result  obtained  by 
combining  the  tables  published  by  Sims,  Clendinning,  Tiedemann,  and  Reid.  The  num- 
ber of  male  brains  weighed  was  278,  and  of  female  brains,  191.  In  males,  the  minimum 
weight  was  34  ounces,  and  the  maximum,  05  ounces.  In  170  cases  out  of  the  278  the 
weight  ranged  from  46  to  53  ounces,  which  may  be  taken  as  the  general  average '  In 
temales,  the  minimum  was  81  ounces,  and  the  maximum,  66  ounces.  In  125  cases  out 
ot  the  191,  the  weight  ranged  from  41  to  47  ounces. 
44 
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Ouain  assumes,  from  various  researches,  that,  in  new-born  infants,  tl.e  bram  weigL^ 
11-G5  o^ces  r  he  male,  and  10  ounces,  for  the  female.  In  both  sexes  "  he  we,ght  ot 
11  00  '    J.         up  to  tlie  seventh  year,  then  more  slowly  to  between 

the  bram  generally  '^^^^^^^fj^^^^^  to  between  thiity-ono  and  forty,  at  which 

sixteen  and  twenty,  '^^^^^am  mo. e  s  ow  y  _      ^^^^^  ^  ^^^^ 

::::;::£;^"^:^si;n^^ 

obsLttLnTupoX  bvatns  of  lifty-three  males  and  thirty-four  females,  between  the  a., 
of  twenty-five  and  fifty-five,  are  as  follows : 


DlTlslons  of  the  encephalon. 


Average  weight  of  the  cerebrum  

AveraKe  weight  of  the  cerebellum 

Averaie  weilht  of  the  pons  and  medulla  oblongata 

Average  weight  of  the  entire  encephalon  . 


Males. 


43-98  oz. 
6-2S  " 
0-98  " 


50-21  oz. 


Females. 


38-75  oz. 
4-76  " 
1-01  " 


44-52  oz. 


The  proportionate  weight  of  the  cerebellum  to  that  of  the  cerebrum,  in  the  male,  is 

is  about  lOSO,  that  of  the  gray  matter 
being  1034,  and  of  the  white,  1040  admirable  work  upon  anatomy,  and  the 

points  are  to  be  found. 

So^e  Points  in      P^^siolo^al  Ana^or^^  I 
The  direction  of  the  fibres  in  the  .^"^^P^^!^.";- the  diiferent  parts 
gray  substance,  the  course  of  ^^^^^  the  deeper  gangha,  and 

of  the  gray  substance  of  t^e  cerebrum,  the.  cerebe  ^  ^  .^^^^n  and  the  cord, 
finally  the  avenues  of  communication  ^^^t^'^^'^  ^^^'^  "^till  so  uncertain  and  obscure, 
are  points  of  exceeding  intricacy  ;  and  many  o  hem  a.  ^^^^'^  ^^  physiological 
that  they  cannot  as  yet  be  connected  ^'^f J^^^J^^.taTn  ganglionic  masses,  the 
iuquiry.    All  that  we  can  do  at  present,  is  to  ^  Ld  to  show,  as  far 

separate  functions  of  wMch  have  been  more  or  less  a^^^^^^ 

as  possible,  their  anatomical  relations  'I'^fj'^J^^f^^^^  positive  physio- 

The  separate  collections  of  g^'-^  ^a  ter  conc^ni^^^^^^  ^^^^  ^^^.^^^^^^ 

logical  knowledge  are,  the  gray  matter  of  the  '^^^^^^^  .^^^  ^  the  medulla  oblongata, 
the  corpora  striata,  optic  thalam,  tuber  over  the  sense  of  smell,  and 

To  these  may  be  added,  the  o^^^^^orj^.^^ra^^^^^^^  ,,it,  vision, 

the  tnbercula  quadrigemina,  or  optic  l^^^/'  ~  ^ith  their  mode  of  connec- 

The  minute  anatomy  of  the  nerve-fibres  ^^^^*;^^.^^'^;';;;,;ffirient  minuteness  under  the 
tion  with  each  other,  have  been  a  ready          ^^^^^^^^^^  here  discuss  chiefly  the 

head  of  the  general  structure  f ,2  connected  with  the  periph- 
direction  of  the  fibres  through  w^  «-  enc  P^  ^^^^  ,f  the 

ery,  the  fibres  connectmg  the  difi-eicnt  gangna  w  p^^^^ 
larger  ganglia,  certain  commissural  fibres  ^  of  the  encephalon,  it  is 

'in  The  wealth  of  literature  pertaining      the  minu^^^^^^^     J      ^^.^^        ,  ^iree 
somewhat  difiicult  to  separate  and  define       ^^^^  ,  certain  extent,  the  mos 

bearing  upon  physiology.  Perhaps  the  --^f^f ^jf^^J.laered,  are  those  of  Luys ;  but 
satisfactory  observations  upon       -rious^^  Ta^titude 'that  seems  hardly  justi- 

this  author  describes  the  course  of  the  fibres  witn  u 
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fied,  in  all  instances,  by  tbe  facts,  in  view  of  the  inevitable  difficulty  and  uncertainty  of 
some  of  the  processes  employed ;  and  the  graphic  and  admirable  delineations  by  which 
the  work  is  illustrated,  though  professedly  schematic,  present  a  degree  of  ideality  which 
inspires  some  distrust  with  regard  to  the  accuracy  of  the  general  conclusions.  According 
to  Luys,  the  fibres  of  the  encephalon  have  several  directions,  as  follows : 

The  gray  matter  of  the  cerebral  hemispheres,  as  we  shall  see  farther  on,  is  composed 
of  a  mass  of  nerve-cells,  connected  together  by  their  prolongations  into  a  plexus,  which, 
in  its  tnrn,  is  connected  with  the  fibres  of  the  white  substance.  From  this  cortical  cellu- 
lar plexus,  white  fibres  arise,  which  may  be  divided,  according  to  their  direction  and 
destination,  into  two  classes  :  The  first  class  consists  of  curved  commissural  fibres,  which 
pass  into  the  white  substance  to  a  certain  depth  and  return  to  the  gray  matter,  connect- 
ing thus  the  gray  substance  of  adjacent  convolutions.  The  existence  of  these  fibres 
and  their  direction  are  well  established.  The  second  class  consists  of  fibres  which, 
arising  from  the  gray  substance  of  the  convolutions,  connect  these  with  the  corpora 
striata  and  the  optic  thalamic  These  may  be  called  the  converging  fibres;  and  their 
general  direction,  as  far  as  it  has  been  ascertained,  is  as  follows  : 


FiQ.  226 


■Diagrammatic  re/prestntation.  of  tka  direction  of  the  fibres  in  the  om'ebrum.  (Le  Bon.) 


Arising  from  the  internal,  concave  surface  of  the  corticEl  substance  of  the  cerebrum 
ennr„Tr^'°^u  side  by  side  with  the  curved  commissural  fibres' 

irrl!  !       ^^-^^toward  the  corpora  striata  and  the  optic  thalami.    The  limits  of  th^ 
form       hr'i      ^^Pf  f  °°  °f       commissural  and  the  converging  fibres  contribute  to 
he  con! 'r  ^^^    °'       T*"'"''*"  °^  If  ^ the  course  of 

the  cerelum  na   t  t      1    "^T"""  ^he  fibres  from  the  anterior  region  of 

cerebrum  pass  backward  and  form  distinct  fasciculi  which  converge  to  the  gray  sub- 
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.  •  f      Tl,o  fibres  from  tho  raiddlo  portion  converge  regularly  t.. 
stance  of  tho  corpora  striata.    The  libres  uou  ^.^^^^^  ^^^^^^  ^^^^^ 

the  middle  region  of  ^^^^f  f  ™^^;;;f;nnd  diBtribute  themselves  in  the  posterior  portion 
terior  portion  pass  ^'^^^^'^^Z^^  convolutions  of  the  hippocampi  and  the  fascia 
of  the  optic  thalami.    The  hb  cs  n oi 

dentata  are  lost  in  the  commissural  fibres  connecting  the 

addition  to  these  convergmg  hhies  and  the  c  commissural  fibres  which 

^•^^--r— ^^^^ 

InTthe  optic  thalami  of  the       fj^'^^.  substance  of  the  hemispheres  to  the 

Certain  of  the  fibres  converging  l^^^J/^"^^^^^,,^  ^j^,  tl,e  cells  in  the  gray  mat- 
corpora  striata  and  optic  thalamr  -  P-^^^  ^e  ^o  ;la  striata  and  optic  thalami  to 
ter  of  these  parts.  «  l-r  fib  s  pass  th  o^^^^  ^^^1^^^^  ^^^^^^^^^^  through  the 
become  finally  connected  with  the  nwes  o  Following  the  antero-lateral 

Sulla  oblongata,  with  the  -1"^-/ i^^/^^.^.^Vto  he  — ^ 
columns  of  the  cord  from  below  ^  Certain  of  these  ascending 

ia  the  median  line,  and  pass  from  the  medu  a  to  « eord,  ascend 
fibres,  which  are  nearly  all  contmuatrons  of  he  ^n^*         .  g^,,,  .^eend  in  the 
to  the  brain  by  passing  deeply  ^^-j;f,\  J^^^.CJ;:^:^  the  tubercul^ 
cerebral  peduncles,  or  crura  cei-ebn;  ^^^^  f^^^f^^^        they  become  more  and  more 

r "  fn=W  ^^^^^^  ~ 

account  of  the  points  that  are  -^^^'^"^X^l'^^^^^  have  been  definitively 

confine  our  description,  as  far  as  possiWe,  to  anatom    ^^^^  ^^^^^^  ^  ^^^^^^^^ 
settled  and  are  now  generally  accepted    ^^^^^^^  ^^t^cate,  that  we  canno  re  y 

of  the  fibres  and  tl^-'  ^^^^^ 

entirelyupon  purely  anatomical  mvestiga^^^^^^  pathological  observations.  When 

be  controlled,  as  far  as  possible  by  P^P  o/°f      conclusions  to  be  deduced  from  expen- 
anatomical  researches  are  du-ectlyopp  sed^^^^^^^^^^ 

ments  upon  living  animals,  m  view  of  ^^^^Si^^l^  incomplete.  We  know,  as  the  resn  ts 
be  reasonable  to  assume  that  they  are  ^^^T^ZZ  is  conducted  from  the  brain  by  the 
of  experiments  upon  ammals,  that  the  ^e  '^nd^^^  fibres  decussate  at  the  medulla 
anteillateral  columns  of  the  cord,  ^^l^J^^^^^f  ^  observations,  chiefly  in  cases  of 
oblongata.  This  fact  has  been  verified  Pf^'^^^^^^^^^^i  etc.  We  know  that  impres- 
njur;to  the  brain-substance  f^^^^n"  me  P  ^t  o  "le  -ci  that  the  sensory 

sions  are  appreciated  as  ^^^^.^^^^^^^^^^J'^  .^on,!  paralysis  of  boA 
conductors  also  decussate ;  as  is  ^^^^^^^.^^^lent  therefore,  that  sensory  conductors  pass  to 
as  a  consequence  of  brain-lesions.  It  is  evident  thereto   ,  ^^^^^^^^ 
L  bil,  but  their  precise  coui-se  is  ^^^^^11^^^^^^         are  transmitted  by  the  gray 
the  actio;  of  the  cord  as  a  ^^f -^^i^^^J^conlci  between  the  cells  of  the  difleren 
substance  alone,  and  it  is  r^'^^Jj  ^^t^^^^^^^  to  the  brain.    The  physio  ogical  f act  o 
centres  that  these  ^^^^^Z  confirmed  by  pathology,  but  its  mechanism 

Z  ^Z^^-^  ^-^r  '^rr  ~^^e  cer^mm,  cerebellm. 

;::^x:::Mfxs:t  ^^^^^^^^^^  — 

those  divisions  of  the  encephalon. 

Tlie  Cerebrum. 

r^f  the  encephalon  will  answer 
The  anatomical  description  which  -<^.^--itonired  with  the  cerebrum.    As  we. 
for  most  of  the  points  of  Pl^^^^f  ^^-^^^  ,ht  f^uSths  of  the  encephalic  mass.  Its 
have  seen,  the  cerebrum  constitutes  more  than 
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gray  matter,  which  is  external  and  follows  the  convolutions,  is  from  -j^  to  ^  of  an  inch  in 
thickness.  Writers  have  descrihed  this  substance  as  existing  in  several  layers,  but  this 
division  is  mainly  artificial.  In  certain  parts,  however,  particularly  in  the  posterior  por- 
tion of  the  cerebrum,  the  gray  substance  is  quite  distinctly  divided  into  two  layers,  by  a 
very  dehcate  intermediate  layer  of  a  whitish  color. 

There  is  a  marked  difference  in  the  appearance  of  the  cells  in  the  most  superficial  and 
in  the  deepest  portions  of  the  gray  substance.  The  superficial  cells  are  small  and  present 
a  net-work  of  delicate,  anastomosing  fibres,  resembling  the  cells  of  the  posterior  cornua 
of  the  gray  substance  of  the  cord ;  while  the  deepest  cells  are  large  and  resemble  the  so- 
called  motor  cells  of  the  cord.  Between  these  two  extremes,  in  the  intermediate  layers, 
there  is  a  gradual  transition  in  the  size  of  the  cells.  This  anatomical  fact  points  to  the 
possibility  of  distinct  functions  of  the  cells  belonging  to  the  superficial  aiid  the  deep  layers ; 
viz.,  that  the  larger  cells  are  for  the  generation  of  the  motor  stimulus,  while  the  smaller 
are  for  the  reception  of  sensory  impressions.  This,  however,  is  a  mere  supposition,  inca- 
pable, as  yet,  of  positive  demonstration. 

The  mode  of  connection  between  the  cellular  and  the  fibrous  elements  of  the  ner- 
vous system  has  already  been  considered  and  does  not  demand  farther  mention.  We 
shall  also  pass  over  the  amorphous  matter,  nuclei,  myelocytes,  etc.,  found  in  the  cen- 
tral nervous  matter,  as  these  points  possess  little  or  no  physiological  interest. 

General  Properties  of  the  Cerebrum. — By  the  general  properties  of  the  cerebrum, 
we  mean  the  effect,  or  the  absence  of  effect,  observed  when  the  gray  or  white  sub- 
stance is  subjected  to  dii-ect  irritation.  While  some  of  the  older  writers  state  that  the 
brain  is  both  irritable  and  sensible,  nearly  all  authorities,  up  to  a  very  recent  date, 
have  been  agreed  that  direct  stimulation  of  the  white  or  the  gray  substance  of  the 
greatest  part  of  the  brain  produces  neither  pain  nor  convulsive  movements.  In  numer- 
ous experiments  upon  pigeons,  we  have  invariably  noted  complete  insensibility  and  inex- 
citability  of  both  the  gray  and  the  white  substance  of  the  cerebral  hemispheres.  The 
generally-accepted  view  has  been  that  a  great  part  of  the  substance  of  the  cerebrum  is 
neither  excitable  nor  sensible,  in  the  sense  in  which  these  terms  are  applied  to  the  ordi- 
nary mixed  nerves.  There  can  be  no  doubt  with  regard  to  the  conducting  properties  of 
the  white  matter  of  the  brain,  but  the  nerve-fibres  here  seem  to  conduct  impressions 
conveyed  to  them  by  the  sensory  nerves  and  the  stimulus  generated  by  the  nerve-cells, 
without  being  capable  of  receiving  or  conducting  artificial  impressions  applied  directly  to 
their  substance. 

We  have  said  that  a  great  part  of  the  cerebral  substance  seems  to  be  neither  excitable 
nor  sensible  to  direct  stimulation  ;  but  we  must  make  an  exception  in  favor  of  certain 
portions  of  the  cerebrum,  which  have  lately  been  shown  to  possess  excitability,  their 
action  being  confined  to  particular  sets  of  muscles.  In  1870,  Fritsch  and  Hitzig,  expos- 
mg  the  cerebral  hemispheres  in  dogs,  found  that  certain  parts  of  its  anterior  portion 
responded  to  a  feeble  galvanic  current.  Each  galvanization  produced  movements  re- 
stricted to  particular  sets  of  muscles;  but  it  was  difficult  to  say  whether  the  contractions 
were  due  to  stimulation  of  the  white  or  of  the  gray  substance.  Difi-erent  centres  for  the 
sets  of  muscles  were  accurately  determined.  The  centre  for  the  muscles  of  the  neck 
was  located  in  the  middle  of  the  frontal  convolution;  external  to  that,  was  a  centre  for 
the  extensor  and  adductor  muscles  of  the  forelegs ;  and  so  on,  other  centres  for  sets  of 
muscles  being  found  in  the  anterior  portion  of  the  hemispheres.  By  passmg  an  inter- 
rupted current  through  these  parts,  tetanus  of  particular  muscles  was  produced.  In 
other  observations,  when  the  gray  substance  was  removed  at  the  points  mentioned,  there 
was  partial  loss  of  power,  but  not  paralysis,  of  tiie  sets  of  muscles  corresponding  to  the 
centres  operated  upon.  The  authors  regarded  this  as  due  to  a  loss  of  "  muscular  sense  " 
In  these  experiments  the  action  was  always  crossed.  It  was  also  found  that  after  severe 
HoBmorrhage,  the  excitabiUty  of  the  cerebrum  quickly  disappeared,  which  may  account 
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for  tbe  nogativo  rosults  obtained  by  previous  oxporimenters.    No  motor  properties  were 
discovered  in  the  posterior  portion  of  the  corebruiii. 

'jro  exper  ments  just  c  ted  throw  a  new  light  upon  the  proper  .es  ot  ho  cerebral 
sub  taLe    ltls  always  been  found  diffl       to  experiment  upon  the  great  cncephah,. 

rentierwitbout  disturbing  the  physiological  -'^f ^-^^L^^h^t  H^^s.^^:- 
results  of  direct  observations  of  this  kind  more  or  less  indefinite.    Now  that  it  is  ascci 

1  fir  in  ill  probability,  these  centres  readily  lose  their  normal  properties,  as  a  s.m- 
I'ltlne^  and  exposure  of  the  parts,  we  are  less  disposed  to  accept 

te  o^r  exjeiiments,  in  which  the  cerebral  tissue  was  apparently  shown  to  be  mca- 
„nl,lA  of  rcceivinK  direct  artificial  impressions. 

'  Lee  ti  e  first  publication  of  the  remarkable  experiments  to  which  we  have  just 
refer  ed  the  questiin  of  the  excitability  of  certain  parts  of  the  cerebral  hemispheres  has 
a  act  d  a  gre  deal  of  attention  and  has  been  made  the  subject  of  numerous  expen- 
"tnTs  Ti '  notable  of  the  later  observations  on  this  snb  ect  are  those  of  Ferner, 
S  London  by  whom  the  original  experiments  of  Fritsch  and  Hitzig  have  been  fully  con- 
firmecf  AlSoIgh  the  methods  employed  by  Terrier  were  less  delicate  and  accurate  tlian 
of  fheXrman  observers,  the  results  obtained  are  of  great  value.    Many  othe. 

of  the  g.Wa.ic  current  to  ^'^^-f  »  '"^^t'  of  BoX   Having  lo.Iv.ed  e.pori. 

twelfth  of  an  inch  thick,  by  a  section  paiallel  to  «ie  «^  ,1^^ 

In  the  present  condi  ion  of  '^'^^Tclll^Z  ^h^  excitable  centres  of  the  cere- 
say,  in  a  systematic  work  upon  physiology,  ^^^^^^^^^^  ^  the  idea  that 
brum.  That  these  excitable  centres  exist,  there  can  J^^^"^"  experimen- 
the  movements  produced  by  their  galvamzation  are  -  ^  f^f^  ^SH ;  and  his 
tal  facts.    These  observations  have  been  confii^  d  by  H^-g  as  ate  a  ,  ^^^^ 

responding  to  the  excitable  points. 

lunctions  of  the  Cerebrum. 

The  history  of  the  functions  of  *e  ^^f^^^^^,^^ 
ogy  and  is  one  of  the  most  e^^e  -d  ix^^^^^^^^^  J^^^^^^  ,3 

but  its  range  is  so  extensive  that  t  has  °  "S^;^;  ^'^^^  The  study  of  psychology 

only  treated  of  exhaustively  in  special  reatis  s  upon  ps^^^^^^^  experiment. 

has  been  pursued  by  the  method  of  '^^'f'^fl^'^^Z.T.Von  living  animals,  but 
It  comprehends,  it  is  true,  the  acts  ^^^^-^^^^^^^^^^^^^^  thdr  scope  is  restricted, 

the  results  obtained  by  this  ™<^thod  are  comparat  vely  tew  ^^  ^^^^^^  ^^^^^.^^ 

Nevertheless,  they  are  sufficiently  definite  ^-^^^^^  ]l  there  still  remains  m  psy- 
to  the  human  subject  by  a  ^^^^P^^^.^^^/J^^^^^^^^^^^  of  experimental  physiology ;  for 
chology  much  that  may  be  regarded  as  ^^t^^  °  physiologist  as  accidental  expen- 

pathological  cases  are  very  frequently  ^^ff^^'^^^^^^^^^  We  cannot  restrict 

ments  indicating  the  functions  of  part  ^  ^^"^^^  j^te^^  and  we 

ourselves,  however,  to  this  method  m  the  ^^udj  °f  t^^^  ^^^e^^^  anthropology,  and,  finally, 
must  dra^  upon  facts  in  comparative  anatomy  and  ph J  s  o^^^^^^^^^^^^  J^^^^^ 
upon  the  direct  observation  and  ^^f  ^^^f       °„ .^r,  "    ephalon  may  receive  impressions 
The  experimental  physiologist  has  shown  that  the  eneepna 
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and  appreciate  them  as  sensations ;  that  impressions  may  be  here  connected  and  give 
rise  to  various  of  the  phenomena  of  animal  and  intellectual  existence  ;  that  impressions 
are  recorded  by  the  memory ;  and,  finally,  that  certain  parts  are  endowed  with  special 
functions.  But  beyond  this,  psychology  is  a  science  mainly  of  introspective  observation, 
the  facts  contributed  by  the  experimentalist  being  few  and  barren.  The  observer  of  intel- 
lectual phenomena  studies  the  process  of  development  of  the  mind;  he  soon  separates 
the  instinctive  phenomena,  observed  in  the  lower  animals  and  in  the  human  being  witli- 
out  experience,  from  the  acts  which  follow  experience,  observation,  the  recording  of  im- 
pressions by  memory,  and  the  generation  of  ideas ;  he  brings  his  perfected  intelligence 
to  bear  upon  the  process  of  development  of  the  same  kind  of  intelligence  in  the  human 
being  progressing  from  infancy  to  adult  life  ;  and,  finally,  the  psychological  philosopher 
attempts,  by  introspective  observation,'  to  study  the  workings  of  the  perfect  intellect,  his 
only  means  of  investigation  being  the  very  intelligence  he  is  endeavoring  to  comprehend. 

At  the  present  day,  we  are  in  possession  of  a  sufiSoient  number  of  positive  facts  to 
render  it  certain  that  there  is  and  can  be  no  intelligence  without  brain- substance  ;  that, 
when  brain-substance  exists  in  a  normal  condition,  intellectual  phenomena  are  manifested, 
with  a  vigor  proportionate  to  the  amount  of  matter  existing ;  that  destruction  of  brain- 
substance  produces  loss  of  intellectual  power ;  and,  finally,  that  exercise  of  the  intellect- 
ual faculties  involves  a  physiological  destruction  of  nervous  substance,  necessitating 
regeneration  by  nutrition,  here,  as  in  other  tissues  in  the  living  organism.  The  brain  is 
not,  strictly  speaking,  the  organ  of  the  mind,  for  this  statement  would  imply  that  the 
mind  exists  as  a  force,  independently  of  the  brain ;  but  the  mind  is  produced  by  the 
brain-substance  ;  and  intellectual  force,  if  we  may  term  the  intellect  a  force,  can  be  pro- 
duced only  by  the  transmutation  of  a  certain  amount  of  matter.  In  view  of  these  facts, 
which  have  long  been  more  or  less  fully  recognized,  though  not,  perhaps,  very  accurate- 
ly defined  in  words  until  within  a  few  years,  it  is  not  surprising  that  attempts  have  been 
made  to  locate  the  diiferent  mental  attributes  in  particular  portions  of  the  brain.  The 
pseudo-science  of  phrenology  is  the  most  marked  example  of  such  an  attempt ;  but  this 
has  so  slight  a  basis  in  fact,  that  it  does  not,  at  the  present  day,  merit  serious  scientific 
discussion. 

In  treating  of  the  functions  of  the  cerebrum,  we  shall  not  discuss  psychology,  except 
in  so  far  as  physiologists  have  been  able  to  connect  the  mind,  taken  as  a  whole,  with  a 
distinct  division  of  the  nervous  system.  In  this  we  shall  draw  upon  experiments  on  liv- 
ing animals,  facts  in  comparative  physiology,  in  pathology,  and,  to  a  certain  extent,  the 
relations  clearly  shown  to  exist  between  the  development  of  intelligence  and  certain  of 
the  nerve-centres,  in  different  races  of  men  and  different  individuals.  With  regard  to 
the  location  of  particular  functions  in  distinct  portions  of  the  cerebrum,  we  have  but 
little  definite  knowledge,  beyond  the  experiments  already  cited  in  treating  of  the  irrita- 
bility of  the  cerebral  substance,  and  the  probable  location  of  the  faculty  of  speech.  The 
latter  point  will  be  fully  discussed  in  its  appropriate  place. 

Extirpation  of  the  Cerebrum  in  the  lower  Animals.— It  is,  perhaps,  sufficiently  evident, 
from  anthropological  and  pathological  observations  as  well  as  the  study  of  comparative 
physiology,  that  the  intellectual  faculties  reside  in  the  encephalon  ;  but  these  methods  of 
mvestigation  do  not  clearly  indicate  the  special  functions  of  different  parts  of  the  cranial 
contents.  We  have  seen,  in  our  general  sketch  of  the  anatomy  of  the  brain,  tliat  this  is 
by  no  means  a  simple  organ,  and  that  certain  parts,  altliough  they  are  bound  together  by 
commissural  fibres,  have  sufficient  anatomical  distinctness  to  lead  the  physiologist  to  sup- 
pose that  they  may  have  separate  and  peculiar  properties  and  functions.  One  of  the 
most  valuable  methods  of  investigation  of  the  functions  of  these  separate  ganglia  is  that 
of  extirpation  of  one  or  more,  leaving  the  others,  as  far  as  possible,  intact.  This  method 
was  first  employed  with  marked  success  by  Flourens  and  has  since  been  adopted  by 
numerous  experimenters.    It  must  be  remembered,  however,  that  there  is  no  subject  of 
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'"l  'Y^wri:  tZ  ZI  Tor  .L  U  apparent  .»o4.    Tl,c  b»„  aud 

roCMved  wilh  groatei  oautioii.    ino  devcloptn™!  of  tLii  organ  and 

ts  piopoities  m  tne  i  Althougb  we  are  by  no  means 

mtelhgenco  as  d.stoct  m  -^^'JIJ]  ^  the  intelligence  of  n>an  as 

l^cparod  to  the  lower  animals,  it  is  evident  that  this  differ- 

simply  ^7™;^^/;/^t;Xp^^  i,  so  enormous  as  to  render  the  human  mind  hardly 
ence  xn  the  deg  ee     ^^^^    P^^^^^,,^^^^  lo,     the  scale.    But,  when  th. 

comp.u-ab  e  w.  h         jj^'^  i^^.ts,  or  when  the  intellectual  faculties  arc 

dirisredln  activity,  as'in  Certain  cases  of  disease,  the  being  is  reduced  to  a  con- 
=0^1  ^f  —  show  deany  that  the  brain  is  less 

..^ r P  regaL  tl.  ordin^  — - -  ZS'^^^t. 

while,  it  tli6  same  mutilation  1)6  performed  m  biia»  oi  some  oi  >  , 

diminWd  power  ot  voluntary  -''^^'^^l^'^^^ZZi^^^^^^ 

uuphilosopMeal  to  77=. '  *  ^.^^^^  the  uni^nred  animal,  that 

ri^erLs^rpVr:^^^^^^^^^ 

pie,  a  fish  (the  lancet-fish,  AmpMoxus  f^'f^^^^Xe  spina  is  essential, 

of  'animal  life  being  regulated  by  the  gray  ^^^^^^^^^^^^  ,L  br^^^^^^^^      lower  animals 
in  endeavoring  to  apply  the  results  ot  experimems  ui'"" 

stations  of  intelli- 

.0  human  physiology,  to  isolate,  as  far  a.  P""*.  »  *C  ,,c  diffieultie.  of  the  ,nes- 
genee,  from  automatie  movement.  1"  "      ''^^^^^^^  "  t  ner.e-eentres  ot  the 

Ln  and  the  caution  with  wh  eh  a^^  o^^^^^^^^^^^ 

rrleirinlrth'jre—  S-riu^g^  removal  or  in,„r,  of  the  eereh.™  in  d.rect 

remarkable  observations  upon  the      ''^f.^^P"  *  ^e/e.^ary  tere  to  give  his  general 

ments  are  so  familiar  to  P^^^^^f  ^  ,  t  fonnTtLt  the  complete  removal 

conclusions.    As  regards  the  J-";^^^^^^  ,iee,  moles,  cats,  and  dogs),  was 

of  these  parts  in  livmg  ^^^^^^  (^^"SS,  Pgeoiis  lo  ,  ^^^^  ^^^^ 

invariably  followed  by  stupor,  apparent  '^l^f^f^^Zf^,,,,,^  sensibility  and  the 
ordinary  instinctive  acts.    Animals  thus  "^'^^  of  the  special  senses  of 

power  of  voluntary  movements,  but  ^^^^Zf^^^]^^^^  and  voluntary  movements, 
sight,  hearing,  smell,  and  taste.        ^  ,f  their  cerebral  lobes  possessed  sen- 

FJonrens  was  of  the  opmion  that  animals  deprivea^^  ^^^^^^^  voluntary 

nation,  but  had  lost  the  power  of  P^^'^^f  jtu  'h^^^  lost  the  power  of  making 

niove^ents  when  an  irritation  was  ^ill.    ine  of  the  most 

such  movements  in  o^^f  f  J/^^:  ^^^^^ 

remarkable  phenomena  observed  was  ^''''  'l'^^^^^^  ^ot  paralyzed.  Eemov.nl 

ing  ideas.  The  voluntary  ^uscu  ar  sy  tern  wa  eBfeeb^ea  ^  experimented  upon,  enfee- 
of  one  hemisphere  produced,  in  the  l^^l-r  d.ss-  of  ^^^^^^^.^^  ^^^.^ 

hlement  of  the  ™les  ^^^^^  ^rnt  PO^^ion  of  both  hemispheres  was 

or  entirely  retained.    Kemovai  oi  on<-  intpllifrence. 

followed  by  no  very  marked  effect  as  ^^^^f  ^f.^^^f  ^Lorous  experimentalists  and 
'  I  of  Flourons  have  been  repeaitu  uj 


The  observations 
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were,  in  the  main,  confirmed,  except  as  regards  the  special  senses.  Bouillaud,  in  1820 
made  a  Jargo  number  of  observations  upon  pigeons,  fowls,  rabbits,  etc.,  in  which  after 
removal  of  the  hemispheres,  he  noted  the  persistence  of  the  senses  of  sight  and  hearing. 
Longet  finally  demonstrated  the  fact  that  both  sight  and  hearing  are  retained  after  extir- 
pation of  the  hemispheres,  even  more  clearly  than  Bouillaud,  by  the  following  experi- 
ments :  lie  removed  the  hemispheres  from  a  pigeon,  the  animal  surviving  the  operation 
eigliteen  days.  When  this  animal  was  placed  in  a  dark  room  and  a  light  was  suddenly 
brought  near  the  eyes,  the  iris  contracted  and  the  animal  winked;  "but  it  was  remark- 
able, that  when  a  lighted  candle  was  moved  in  a  circle,  and  at  a  sufficient  distance,  so 
that  there  should  be  no  sensation  of  heat,  the  pigeon  executed  an  analogous  movement 
of  the  head."  An  examination  after  death  showed  that  the  removal  of  the  cerebrum 
had  been  complete.  An  anifnal  deprived  of  the  hemispheres  also  opened  the  eyes  at  the 
report  of  a  pistol  and  gave  other  evidence  that  the  sense  of  hearing  was  retained. 

With  regard  to  the  senses  of  smell  and  taste,  it  is  more  difficult  to  determine  their 
presence  than  to  ascertain  that  the  senses  of  sight  and  hearing  are  retained.  It  is  prob- 
able, however,  that  the  sense  of  smell  is  not  abolished,  if  the  hemispheres  be  carefully 
removed,  leaving  the  olfactory  ganglia  intact;  and  there  is  no  direct  evidence  that  extir- 
pation of  the  cerebrum  affects  the  sense  of  taste;  indeed,  in  young  cats  and  dogs,  Longet 
has  noted  evidences  of  a  disagreeable  impression  following  the  introduction  of  a'concen- 
trated  solution  of  colocynth  into  the  mouth,  as  distinctly  as  in  the  same  animals  under 
normal  conditions. 

We  shaU  now  proceed  to  describe,  as  accurately  as  possible,  the  condition  of  an  ani- 
mal after  complete  extirpation  of  the  cerebrum,  as  observed  in  numerous  experiments 
that  we  have  ourselves  made  upon  this  subject,  premising  the  statement  that  these  are 
merely  repetitions  of  observations  made  by  other  physiologists. 

_    A  pigeon,  in  a  perfectly  normal  condition,  is  deprived  of  the  hemispheres,  by  remov- 
ing  the  calvarium  and  carefully  scooping  out  the  parts  with  the  handle  of  a  scalpel 

,tanl?Sv'   t7  'Vr™  !f  hemorrhage  is  soon  arrested  spon^ 

aneously.    The  sht  m  the  scalp  is  closed  with  sutures,  and  the  animal  is  set  at  liber- 
ty.    The  appearance  of  the  animal  after  this  mutilation  is  pecnUar  and  characteristic 
ihere  immediately  supervenes  a  condition  of  stupor.    There  is  usually  no  attempt  at 

•  movement  and,  though  the  pigeon  stands  upon  its  feet,  the  head  is  almost  buried  i^  th 

.  eathers  of  the  neck,  the  eyes  are  closed,  and  the  attitude  is  one  of  absolute  indTfference 
0  sun-ounding  conditions.    The  muscles  seem  to  act  with  just  sufficient  vigor  t7mai" 
'  Sent  sen!  t       '  T*""  •  "       ^"''^  ^-^P       ^^^k'  '^ere  is  evi- 

•  P  r  It  rffici  '  S  P^^ff  T''  -  --l-^  *°  -lease  the 
0?  vol„nV                  '^^^^^^t'                 '^I'd  other  tests,  that  sensation  and  the  power  ' 

•  eci  lon^o^^^^^^^^  T  '^"^"^  *°  ^-^P^'^-d  -PP^-ntly  loses  immediately  all 
of  d i  co^^^^^^^^^^^^^  '^'^^  ^"-^^^tion  has  evidently  produced  a  sensation 
Idea  ofT  ?'"'f.  '°  ^  °"^^°'^1«'-  eff°rfc;  l^as  been  no 
M^pre^^^^^^^^^^  *°          ^  '-^P^*'*'"^  °f       disagreeable  or  pain- 

.ni?/'  ^'''^  to  lenjojjgtrate,  by  experiments  such  as  we  have  just  detailed  that  the 

• «;  Th   ,v'        I  •  r^**""^'  *^"°'-^°^l      idea  of  danger,  simply 

S  f    '  ^'T, ,    f  ™  ^°™'l  1^««  ^^^^  l^e^rd-    As  we  have  already 

hu^^er  al?  experimentally.   The  same  remark  applies  to  the  sensation's  of 

relievin!  tL  V    ^  f  •"'''^  ^"'^      "^^^^  °f  "^^^^^  '^^d  food,  but  it  has  no  idea  of 

Zl  \     l"""  ^"^''^S'  '^^^l'    left  t°  itsel  ,  will  die  of  inanition 

Bpol  noous'L^T  "  deal  of  discussion  among  experimenta  ists  w  th  "™ 

pontaneous  voluntary  movements  in  animals  deprived  of  the  cerebral  hemispheref  The 
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rlPterminini!;  this  point  aro  the  following :  The 
expcnmontal  conditions  ;;-;-;7J°;,,lf ^^^^  has  been  complete ;  for  it 

observer  must  be  certain  that  the  reraova  ^^^^^^     cGvehrvX  substance  has  es- 

has  been  clearly  shown  that,  even  ^^'^^ ,  abolished..  Again,  we  must  be  equally 
caped,  the  functions  ^^^^l^^]^.^^^^^^^^^  act  of  volition  take  place 

certain  that  movements  wh.c  se^  io  ^^J-  the  condition  of  stupor  which  results  frou, 
when  the  animal  has  not  °  f . left  to  itself,  the  condition  of  stupor  pcr- 

the  operation    ^oner-a  ly  when  he  ammd  ^^^^  ^    ^  ^^^^^^^  ^^^^^ 

sists;  but,  when  aroused  by  movements  without  farther  irritation,  soon 

shake  its  head,  and  make  ^^'^LlT  oLZ  the  most  accurate  and  reliable  of  the 
relapsing,  however  mto  Bomnolency.    One  ot  ^.^^^^^  ^^^^^^^^  ^^^^^ 

vecent  observers  of  these  P^-^^^"^^^^^^^^^^  \,  i^^apable  of  a  spontaneous  voluntary 
deprived  completely  ^'^"^^'''''^'''l^i^^^^^^  of  this  opinion.  With  regard  to  a 
effort;  "^^  we  are  mclmed  to  an  unquahfae^^  ^hemispheres  and  the  corpora  stn- 

rabbitfrom  which  V^i^pian  had  x.mo^^^  ,ay  that  this  rabbit  is 

ata,he  makes  the  ^ll^^'^S  ^^'^'^^f '  its  movements,  which  are,  indeed, 

completely  deprived  of  ^P^'^^^^/^J^^;,      Vin  the  same  manner,  are  exclusively 

J^Streiior  excitations,  or  by  interior  inclma- 

-  v:;;:^^  .anety  of  "rrtrt:^' 

of  tl  cerebrum,  it  is  quite  difficult  to  defi-  PJ^^^^^^^^^  really  reflex 

tary  action  depending  upon  ^7^.  ^^*^'^^"^J/f  ';^°those  which  arise  from  a  spontaneous 
volLarymovements  andtodis^ingms^^^^^^^^^^^  ,een  so  admirably 

and,  perhaps,  an  intelligent  f         «^e  w  eoncluding  summary : 

described  in  a  recent  article,  by  Onimns,  ^^^t  we  q  ^^^^^^  the 

u  As  a  summary,  in  the  in  enor  ^^ny^^^^^  movements  that  previously 

cerebral  hemispheres  does  not  ^^^^ll^^J^l^^  ^^^^Uar  characters.    In  the  first  place, 

than  in  the  normal  condition.  „,,p^ntpd  take  place  inevitably  after  certain 

I,  the  second  place,     V^^toVp  "ef  Jt^^     should  swim,  and  that  the 
excitations.    It  is  a  necemty  that  the  fi^og  Pl^«  ,t  will,  in  an  amma 

!r.  ,  ™»k«.  tat  one.    Pl«ed  in  water,  it  contmnes  tne  mo  <.„„tlnncs  to 
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There  is  now  no  room  for  discussion  with  regard  to  tlie  persistence  of  general  sensi- 
bility after  removal  of  the  hemispheres.  The  experiment  upon  a  pigeon  leaves  no  doubt 
upon  this  point,  but  the  susceptibility  to  pain  has  been  much  more  strikingly  illustrated 
in  other  animals.  Vulpiau,  in  describing  the  condition  of  animals  operated  upon  in  this 
way,  illustrates  the  persistence  of  sensibili_^ty  in  rats  and  rabbits,  by  the  violent  cries 
which  follow  painful  impressions.  " 

In  concluding  our  consideration  of  the  observations  upon  inferior  animals,  it  only 
remains  for  us  to  discuss  briefly  certain  late  experiments,  which  have  attracted  a  great 
deal  of  attention  from  the  fact  that  they  seem  to  show  that  spontaneous  volition  exists 
after  complete  extirpation  of  the  cerebrum.    These  experiments  have  been  mbst  ably 
and  satisfactorily  analyzed  by  V ulpian.    Goltz  argues,  from  experiments  upon  frogs  and 
the  movements  executed  after  extirpation  of  the  brain,  that  these  animals  make  intelli- 
gent muscular  eflPorts  when  deprived  of  the  hemispheres  ;  and  the  phenomena  observed 
after  this  mutilation  are  indeed  very  curious.    As  was  shown  by  Vulpian,  in  his  own 
experiments,  frogs  and  fishes  thrown  into  water  will  swim  about  and  the  frogs  wiU  even 
succeed  in  getting  out  of  the  water,  but  then  they  immediately  relapse  into  a  torpid  con- 
dition. ^  We  do  not  conceive  that  these  facts  are  in  opposition  to  the  statement  just 
made  with  regard  to  the  absence  of  spontaneous  volition  in  birds  and  the  mammalia, 
particularly  in  view  of  the  shght  importance  of  the  functions  of  the  cerebrum  as  com- 
pared with  the  spinal  cord  in  the  lower  orders  of  vertebrate  animals.    The  views  lately 
advanced  by  Voit  are  based  upon  an  isolated  experiment  upon  a  pigeon  that  was  kept 
alive  for  five  months  after  the  cerebral  lobes  had  been,  as  stated  by  Voit,  completely 
removed.  At  first  the  pigeon  presented  the  phenomena  usually  observed  after  this  opera- 
tion ;  but  it  gradually  recovered,  until  finally  it  seemed  entirely  normal,  with  the  single 
exception  that  it  never  would  eat,  all  food  being  introduced  forcibly.    Five  months  after 
the  operation,  the  pigeon  was  MUed  and  the  encephalic  cavity  was  found  filled  with  a 
white  substance  containing  dark-bordered  nerve-fibres  and  nerve-cells.  Voit  never  before 
observed  any  thing  like  regeneration  of  the  nervous  substance  or  so  complete  a  restora- 
tion of  the  cerebral  functions;  and  he  regarded  this  as  an  instance  of  anatomical  and 
physiological  regeneration  of  the  hemispheres.    The  objections  to  accepting  this  observa- 
tion with  the  physiological  conclusions  presented  by  Voit  are,  that  it  is  not  only  possible 
but  probable,  that  the  hemispheres  were  not  entirely  removed  and  that  the  posterior 
portion  of  the  encephalon  had  advanced  to  occupy  in  part  the  space  originally  filled  by 
the  extirpated  mass.    While  we  do  not  assume  that  anatomical  and  functional  regenera- 
tion of  the  cerebrum  m  a  pigeon  is  impossible,  it  must  be  admitted  that  such  an  extraor- 
dinary statement  as  that  made  by  Voit  cannot  be  accepted  without  reserve,  merely 
upon  the  basis  of  a  single  observation. 

Pathological  Facts  learing  upon  the  Functions  of  the  Oerelrum.—A  careful  study  of 
he  phenomena  which  attend  certain  pathological  conditions  of  the  brain  in  the  human 
nbject,  such  as  laceration  or  pressure  from  effusion  of  blood,  softening  of  the  nervous 
throwrol'- 1"        r  \° ^ith  the  results  of  experiments  upon  living  animals, 

Cerel'    r       f  ^    ^^^^^  ''''  '^^^^'^^^  °^  ^^^"^''^  P°'-t5°^«  °f  encephalon 

indhe  ;  ^'^"^""■'^'^Se  very  commonly  involves  the  corpus  striatum,  either  directly  or 
nai.ectly  and  then  we  have  paralysis  of  motion  limited  to  the  side  of  the  body  opposite 

up  n  t.  ""^''^""^  "  "^ff-*^^^'  i«  impairment  of  LnsSty 

sensorv  trr?'  ""f  ''"'^  of  the  motoi  and 

cZla  Zt  >  '°    °  ^'^^  t°  «^««-e  lesions 

when  tL  °       ^'""^  hemispheres,  but,  when  this  occurs  am 

When  there  is  no  pressure  upon  the  corpora  striata  or  optic  thalami,  there  is  no  paiivs^s 

We  confil  i  l  '  "  E-^P^"'^^°t^  ^Pon  the  inferior  Tn  ma S 

have  confirmed  the  conclusions  to  be  drawn  from  these  pathological  facts.    In  frog 
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Sir  r  — ;  - ...  a.  ..te .... .  ... 

.opcutcd  ^--]°^-^;"^^^^^^^^^  in  a  Binglo  instance,  but  an  analysis 

ties.  This  pomt  it  ^  f  ^^^^fjj/  ~  i^ai  memory,  tardy,  inaccurate,  and  feeble 
of  a  sufficient  ^^^rr  abliL  o  temper  witl.  a  clnldish  susceptibility  to  petty 

connection  ot  ^^l-;- f^J^^^      S^^^^^  manifestations,  and  a  variety  of  phe- 

or  ^-"^g'^^-y  ;;;^X"^ia  ly  Lble  intellectual  power,  following  any  considerable  d. s<h- 
°°™!!tionTf^^e^^^^^^^^  In  «^-rt,  pathological  conditions  of  the  bram  all  go 

ganization  ot  °    fnnnlties  are  connected  with  the  cerebral  hemispheres, 

show  that  the  intellectual  faculties  ^     ^     ^^^t  stated,  we  have 

As  a  final  argument  drawn  from  pathology  in  tavoi  ot^t^^^^^^    J  . 

only  to  aUude  to  the  size  o  the  ^ya-  -ita  n  ~  «  "^^^^^^^^^^  ^^^^  ,e 
numerous  ^^^ff^f^^^^l  Lctes  ie  ortll  by  Tiedemann,  of  19| 
less  than  one-half  of  t'^°^°^™f;  f  .^'^^J'  '  ^^re,  respectively,  sixteen,  forty,  and 

251,  and  22i  ounces,  in  three  ^^^'^f tic  w 
fifty  years.    A  case  has  been  reported  by  Mr^  ^'''':fJ^'XoL  by  Mr  Marshall,  of  an 
of  II  whose  brain  weighed  ten  "--^^^^^f  .^j/,^^^^      Xf.  Bradley,  in  a  late 
idiotic  boy,  twelve  years  old,  whose  ^^^^J^''^'^;']^'^^^^^^^  description  of  the 

number  of  the  Journal  ofAnaiorny  and  ^''J-  2' ^^^^^^  the  time  of  his  death, 

brain  of  an  idiot,  thirty-five  years  ^^'^^^^  l^^^xl  incSng  the  cerebrum,  cerebellum,  ^ 
when  he  weighed  but  sixty  pounds.   ^1^°  the  cerebellum  to  the 

and  pons,  -^^^f  ^^^^  weight,  the  encephalon 

cerebrum  was  as  1  to  5  5.    In  the  iie-aitny  ,         to  the  cerebrum  is  as  1  to  8^. 

weighs  fifty  ounces,  and  the  proportion  ^I  '^^J^T.M^rn  to  the  cerebrum  in  this 
Mr.  Bradley  calls  attention  to  the  P;°P°'-^^°^  °f  ,t    1^  idiots,  the  weight  of  the 

case,  stating  that  this  is  common  in  *^«XZdt"-  a^^t  th  case  re  orted  by  Bradley, 
bod;  is  generally  much  below  the  -"^^^  ^ft'of  th  entire  body  is  even  greater  than 
the  proportionate  weight  of  the  encephalon  to  that  ot  t  ^^^^  ^^^^^^ 

in  tie  healthy  adult.  If,  for  ^-^^^P^^' J/ aTof  ^vefght,  an  encephalon  of  fifty-s.x 
we  should  have,  for  one  hundred  ^^'I'^^ll^^^'^^  ^.'oient  against  the  fact  that 
ounces.  This  point,  however  <^-^-'%^^^'Ztl^l  Bmall  development  of  the  hemi- 
congenital  idiocy  is  usually  at  ended  ^  ^^^^^^ under-sized,  and  have  but  little 
spheres.    Most  idiots  take  little  or  ^«  I'JJJaevelopment  of  the  body  is  more  or 

muscular  vigor;  and  it  is  probable  that  ^^^^  SJ^^^^  ,^igM  compare  the  weight 

less  a  consequence  of  the  abnormal  cereb  a  condi^o  .^^^^^^^  ^^^^^^^^^  ^^^^^  „f 

of  the  body  in  Mr.  Bradley's  case  with  that  of  a  c  ^^^^^^ 
age;  and,  at  this  P-od  of  1  fe,  accord^^^^^^^^^  ,0-78  ounces,  for  the 

weight  of  the  encephalon  is  45-96  ounces,  loi 

female.  ^  to  the  brains  of  idiots  refer  to  cases  charac- 

The  statements  just  made  with  ^egaidto  tlie  J  ^obably,  by  very  small 

terized  by  complete  absence  of  intelligence,  '^f  .^'^^.^i^Jtances  of  idiocy,  the  body 
deveLp-ent  of 'the  body.  On  the  ^^^^  ^e  J^ceph^^^^^^  is  little  if  any  helow  the 
,eing  of  ordinary  size,  in  which  the  --gh  of  U  o  en   P  ^^^^^^^  ^ 

average.    L61ut  reports  several  cases  of  this  k ma.  renting  "idiocy  of  the 

ity-three  years  of  age,  a  little  f  "-^^orSigenc  ;  no'care  for  cleanhness,"  the 
lowest  degree;  no  speech;  almost  no 

encenhalon  weighed  48-32  oz.   Other  cases  of  idiots  ot  me  mnstvate  the  dift- 

TbSweighed  but  little  less  than  the  norm^^^  ^^^^^^JZo,  and  this  is  particularfy 
culty  of  subordinating  individua  o^^^^^'-^f^^l^  ^/^ch  is  so  complex  and  difficult  of 
marked  with  regard  to  the  brain,  the  structure 


investigation. 
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Comparative  Development  oftlie  Cerebrum  in  the  Lower  Animals. — It  is  only  neces- 
sary to  refer  very  briefly  to  the  development  of  the  cerebrum  in  the  lower  animals  as 
compared  with  the  human  subject,  to  show  the  connection  of  the  liomisplieres  with  intel- 
ligence. In  man,  the  cerebrum  presents  an  immense  preponderance  in  weight  over  other 
I)ortions  of  the  encephalon ;  and,  in  some  of  the  lower  animals,  the  cerebrum  is  even  less 
iu  weight  than  the  cerebellum.  In  man,  also,  not  only  the  relative  but  the  absolute 
weight  of  the  brain  is  greater  than  in  lower  animals,  with  but  two  exceptions.  Todd 
cites  a  number  of  observations  made  upon  the  brains  of  elephants,  in  which  the  weights' 
ranged  from  nine  to  ten  pounds.  Eudolphi  gives  the  weight  of  the  encephalon  of  a  whale, 
seventy-five  feet  long,  as  considerably  over  five  pounds.  With  the  exception  of  these 
animals,  man  possesses  the  largest  brain  in  the  zoological  scale. 

Another  interesting  point  in  this  connection  is  the  development  of  cerebral  convolu- 
tions in  certain  animals,  by  which  the  relative  amount  of  gray  matter  is  increased.  In 
fishes,  reptiles,  and  birds,  the  surface  of  the  hemispheres  is  smooth ;  but,  in  many  mam- 
malia, especially  in  those  remarkable  for  intelligence,  the  cerebrum  presents  a  greater  or 
less  number  of  convolutions,  as  it  does  in  the  human  subject. 

Comparing  the  relative  size  of  the  brain,  its  complexity  of  oi'ganization,  and  the 
increase  of  its  gray  substance  by  convolutions,  with  the  development  of  intelligence  in  the 
animal  scale,  it  is  so  evident  that  the  cerebrum  is  the  organ  presiding  over  the  intellectual 
faculties,  that  this  point  in  our  argument  seems  to  need  no  farther  discussion. 

Development  of  the  Cerebrum  in  Different  Races  of  Men  and  in  Different  Indimduals. 
— It  may  be  stated  as  a  general  proposition,  that,  in  the  different  races  of  men,  the  cere- 
brum is  developed  in  proportion  to  their  intellectual  power ;  and,  in  different  individuals 
of  the  same  race,  the  same  general  rule  obtains.  Still,  this  law  presents  marked  excep- 
tions. Certain  brains  in  an  inferior  race  may  be  larger  than  the  average  in  the  superior 
race ;  and  it  is  frequently  observed  that  unusual  intellectual  vigor  is  coexistent  with  a 
small  brain,  and  the  reverse.  These  exceptions,  however,  do  not  take  away  from  the  force 
of  the  original  proposition.  As  regards  races,  the  rule  is  found  to  be  invariable,  when  a 
sufficient  number  of  observations  are  analyzed,  and  the  same  holds  true  in  comparing  a 
large  number  of  individuals  of  the  same  race.  Average  men  have  an  advantage  over 
average  women  of  about  six  ounces  of  cerebral  substance ;  and,  while  many  women  are 
far  superior  in  intellect  to  many  men,  such  instances  are  not  sufficiently  numerous  to 
invalidate  the  general  law,  that  the  greatest  amount  of  intellectual  capacity  and  mental 
vigor  is  coincident  with  the  greatest  quantity  of  cerebral  substance.  If  we  accept  the 
view,  which  is  in  every  way  reasonable,  that  the  gray  substance  of  the  cerebral  hemi- 
spheres is  the  generator  of  the  mind,  it  would  be  necessary,  in  comparing  different  indi- 
viduals with  the  view  of  establishing  a  definite  relation  between  brain-substance  and 
intelligence,  to  estimate  the  amount  of  gray  matter ;  but  it  is  not  easy  to  see  how  this  can 
be  done  with  any  degree  of  accuracy. 

It  is  undoubtedly  true  that  proper  training  and  exercise  develop  and  increase  the  vigor 
of  the  intellectual  faculties,  and  that  thereby  the  brain  is  increased  in  power,  as  are  the 
muscles  under  analogous  conditions.  This  will  perhaps  explain  some  of  the  exceptions 
above  indicated  ;  but  an  additional  explanation  may  be  found  in  differences  in  the  quahty 
of  brain-substance  in  different  individuals,  independently  of  the  size  of  the  cerebral  hem- 
ispheres. One  evidence  that  these-  differences  in  the  quality  of  intellectual  working 
matter  exist  is,  that  some  small  brains  actually  accomplish  more  and  better  work  than 
some  large  brains.  This  fact  may  be  due  to  differences  in  training,  to  the  extraordinary 
development  in  some  individuals  of  certain  qualities,  to  intensity  and  pertinacity  of  pur- 
pose, capacity  for  persistent  labor  in  certain  directions,  a  fortunate  direction  of  the  men- 
tal efforts,  opportunity  and  circumstances,  etc. ;  but,  aside  from  those  considerations  it 
IS  exceedingly  probable  that  there  are  important  individual  differences  in  the  quality  of 
generating  nervous  matter. 
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In  concluding  this  portion  of  our  argument,  wo  present  a  table  of  an  exceedingly  inter- 
esting series  of  observations  upon  the  comparative  weights  of  the  encephalon     the  Cauca- 
sian, the  negro,  and  the  intermediate  grades  produced  l^y  the  umon  o  the  two  races  Ih. 
observation^  in  this  table  are  hardly  sufficient  in  number  to  es  abhsl.  the  exact  relat.  ,,. 
blween  the  brains  in  the  different  grades  of  color,  but  they  illustrate  pomts  of  pecuhu,- 
interest  n  this  country,  where  the  blacks  are  so  numerous  and  where  the  unmn  ol  t  u- 
two  r  ices  white  and  black,  is  so  common.    We  also  give  a  list  of  some  of  he  well- 
arh  Satld  weights  of  th'e  encephalon  in  men  whose  intellectual  faculties  had  becn 
oi-v  d  dulg  life.    This  latter  list  we  have  prepared  with  great  care  and  have  mtro- 
duc'l  ome  obtervations  not  found  in  most  works  upon  physiology.    In  est.matmg  the 
fnte  eS  power  of  individuals,  it  is  difficult  to  arrive  at  exact  conclusions,  except  w.th 
ela  d^t^^^^^^^^^^      acknowledged  eminence.    Still,  the  statements  are  as  accurate  as  pos- 
ble  and  must  be  taken  for  what  they  are  worth.  Several  of  the  examp  es  given  m  tins 
hst  aii  m"-ked  exceptions  to  the  general  rule,  that  the  mental  vigor  is  m  proportion  to 

necessary  to  enter  into  a  discussion  of  the  relations^  tl,e 
facial  angle  to  inteUigence  in  the  lower  animals  and  in  different  i-aces  of  men.    It  ^^  u 


No.  of  autopsies. 

1 

Grade  of  color. 

24 

White 

25 

f  " 

47 

+  " 

51 

i  " 

95 

1  " 

22 

141 

Black 

405 

Autopsies  of  Clen- 
dinning,  Sims,  Reid, 
and  Tiedemann, 


278 


62-06 
49-05 
47-07 
46-54 
46-16 

45-  18 

46-  96 


^-3 

Bo 


64 
51 
57 
59 
57 

m 

56 


To 
l-i 

•a 


44i 
40 
374 
38^ 

-m 

40 
35f 


Whites  col- 
lated from 
various 
sources. 


49i 


65 


34 


Brains  60  oz.  and 
over. 

Brains,  55  and  un- 
der 00  oz. 

Brains,  50  and  un- 
der 55  oz. 

Brains,  45  and  un- 
der 50  oz. 

Brains,  40  and  un- 
der 45  oz. 

Brains,  85  and  un- 
der 40  oz.  • 

Brains  loss  than 
85  oz. 

1 

4 

11 

7 

1 

1 

10 

12 

2 

2 

13 

19 

12 

1 

2 

10 

22 

11 

6 

1 

1 

15 

50 

21 

7 

3 

10 

9 

5 

42 

51 

38 

3 

2 

14 
28 

104 

171 

94 

17 

1 
1 

7 

99 

1  97 

39 

7 

Cromwell,  aged  69  (not  accepted  by  physiolog.sts)   ^g-O,, 

James  Morris)  *     64'38 

Cuvier,  aged  63  {^Archives  genh-alcs  do  m&dccinc,  1832)  ;  
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Abercrombie,  aged  63  (reported  by  Dr.  Adam  Hunter)   63-00  oz. 

Congenital  epileptic  idiot  (reported  by  Dr.  Tuke)   60-00  " 

EulotJ"  aged  53  ;  above  medium  stature;  executed  for  murder,  in  1871 ;  ivell  versed  in 
languages,  imagining  that  he  had  discovered  new  and  important  principles  in 

philology  (reported  by  Dr.  George  Burr)   59-00  " 

James  Fisk,  Jr.,  aged  ST  ;  killed  in  New  York,  in  1872  ;  illiterate,  but  said  to  possess 
great  executive  ability  ;  notorious  for  colossal  and  unscrupulous  financial  specula- 
tions (reported  by  Dr.  Marsh)   58-00  " 

Boy,  aged  13  ;  healthy  and  intelligent ;  died  from  injuries  caused  by  a  fall  (British  Medi- 
cal Journal,  Oct.  19,  1872)  '  58-00  " 

Spurzheim  {Medico- Chimrgical  Review,  1836)   55-06  " 

Adult  man  ;  an  idiot  since  two  years  of  age  (Wagner)   54-96  " 

Laborer,  aged  22  ;  died  of  fracture  of  the  pelvis  (Wagner)   53-79  " 

Daniel  Webster,  aged  70  (reported  by  Dr.  John  Jeffries)   58-50  " 

Celebrated  mathematician,  aged  54  ;  above  the  ordinary  stature  (Wagner)   53-41  « 

Agassiz,  aged  66  (reported  by  Dr.  M.  AVyraan)   5.3-4O  " 

Executed  criminal,  aged  45  ;  medium  stature  ;  of  less  than  ordinary  intelligence,  and  un- 
cultivated (Lelut)   53-12  " 

Celebrated  clinical  professor,  aged  52  ;  medium  stature  (Wagner)   52-88  " 

Mathematician  of  the  first  rank,  aged  78  ;  medium  stature  (Wagner)   52-62  " 

Executed  criminal,  aged  34  ;  rather  large  in  stature ;  ordinary  intelligence,  but  singu- 
lar and  somewhat  cultivated  (Lelut)   60-09  " 

Dupuytren,  aged  58  (Cruveilhier,  Husson,  and  Bouillaud)  49-68  " 

Day-laborer,  aged  49  (Wagner)   48.35  " 

Executed  criminal,  aged  29  ;  medium  stature  ;  of  scarcely  ordinary  intelligence  and 

uncultivated  (Lelut)   ^g.g^  n 

Executed  criminal,  aged  42  ;  a  little  above  medium  stature ;  intelligence  fine,'  'devel- 
oped, and  slightly  cultivated  (Lelut)   48-81  " 

Idiot,  of  a  very  low  degree  of  intelligence,  aged  37;  a  little  above  medium  "stature ; 

movements  very  active  (Lelut)   48.6'7  " 

Deaf-mute,  aged  43 ;  a  little  above  medium  stature ;  an  idiot,  of  the  lowest  degree  of 

intelligence  (Lelut)   ^g.g^  u 

Executed  criminal,  aged  46;  medium  stature;  of  ordinary  intemgen'ce,' uncultiVated, 

but  proud  and  vivacious  (Lelut)   48-14  " 

Man,  slightly  imbecile,  aged  67;  medium  stature  (Lelut)  48-14  " 

Man,  about  60  years  of  age  (Wagner)            48-14  " 

Celebrated  philologist,  aged  54 ;  5  feet  74-  inches  tall  (Wagner). .  .  .  .  .  .  .  .  '. '. '. .' ." '.  \ .' .' ". '. ' ." '.  4^-90  " 

Executed  criminal,  aged  34  ;  small  stature  ;  intelligence  developed  and  cultivated  (Lelut).  47-79  " 

Man,  about  24  years  of  age  ;  died  of  aortic  insufficiency  (Wagner)   47-69  " 

Day-laborer,  aged  51  (Wagner)  '  4^.44  u 

Man,  34  years  of  age  ;  died  of  pneumonia  (Wagner)  \  \  \ 47-26  » 

Brigand  and  assassin,  aged  32  ;  beheaded  (Wagner)  46-91  " 

Idiot  of  the  lowest  degree  of  intelligence,  aged  24 ;  medium  stature  (Lelut).  46-56  " 

Executed  crimmal,  aged  27;  medium  stature ;  of  ordinary  and  uncultivated  intelligence 

(Lelut)   " 

p     ^  -     '    46-21  " 

Lxecutcd  criminal,  aged  40;  at  least  of  medium  stature;  intelligence  developed  and 


cultivated  (Lelut)   ^^.^j 

46- 
45- 
44- 

T,-.,  -^.c,  aged  39  (Lelut)   44.0^ 

Jmbecile.  with  diffir-nltv  in  mn,,o,r,„„fo  .  „„„^  r.n .    _      ,       .  .  .      '  V  ^ 


Railroad  laborer,  aged  23  (Wagner)  

^ecuted  criminal,  aged  29;  intelligence  hardly  ordinary,  and  unCTi'ltiva'ted  (L61ut)'. ! 


Wood-cutter,  aged  57  ;  died  of  vertebral 
Idiot,  below  the  condition  of  a  brute 


46-21 
50 


caries  (Wagner)  44-0 


90 


le, 

in 


with  difficulty  in  movements;  aged  57;  intelligence  correct,  notwithstand- 


g  Its  slight  development  (L61ut)  , 

Man,  34  years  of  age  ;  died  of  phthisis  (Wagner). 

Celebrated  mineralogist,  aged  77;  above  medium  stature  (Wagner) 43.04 
Mccuted  criminal,  aged  31 ;  small  stature  ;  intelligence  mobile  and  exaggerated  (Ldlui)  *  42-04 
Upholsterer,  aged  60  ;  died  of  phthisis  (Wagner)   ^  . 


38-97  oz. 
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4-  Ki,^  wo  hivft  in  every  instance  consulted  the  autlienli 
In  compiling  the  orcg.^^^^  to  ounces  av.  with  tl. 

reports  o  t  o         ^^^^^^  ^       ^^X,      ,,eount  of  the  important  variations  in  t.., 
greatest  cai  ^    This  w^s  10  ^^^^  ,      j^Hy  as  regards  the  brmns  , 

reports         5,,^Ld  Z^^^^  We  believe  that  our  figures  are  absolutely  correct. 

Ouvier,  Webster  and  I^^PJ^^;^^       ^  ^  i^en,  but  there  can  be  hardly  any 

The  weights  o  the  brams  ot  0  omwell  and  B    o  ^^.^^^^  ^. 

question  that  '^^'^^^'l'^^'^^ ^  individuals  an  absolute  rule  that  tl>e  great- 

this  table  shows  the  impossibility  ot  applying  lo  i^rain-substance.   The  men  of 

est  brain-power  is  connected  w  th  tbe  greatest  -'-^l^;^^.^^;"^"^,,^,  Spurzheim, 
acknowledged  intellectual  ability  m  the  .f  f  ^^J'  ' 

Webster,  Agassiz,  Dupuytren,  and  those  «f  ^^^^^  J/^^^^as^  c^'^^  , 
professors,  etc.    A  bricklayer,  Ouvier,  and  ^^^^^^^^^^^'^^Xnytren,  are  Enloff,  Fi.k, 
as  regards  the  weight  of  the  brain ;  but  above  ^^^^^"^^^^  the  lilt,  is  a 

two  idiots,  a  boy  thirteen  years  o  d,  and  ^  ^ow  ^he  average.    The  ! 

celebrated  mineralogist,  whose  bi^m  is      least  «.x  ounce  ^^^^^ 
advanced  age  of  the  person  referred  o  (-J^^f/^^^^^^^^^^  in  old  persons. 

smaU  weight  of  the  brain,  a  though  the  weight  -  ^^^^^^^^^^^^^  of  healthy 

;;e^^  -ult  of  all  the  -^"1^:^^^^ 
to  individuals.  1 

upon  the  functions  of  parts,  diawn  «f ,  ^^^j,  lower  animals;  and  per^ 
facts  are  not  capable  of  demonstration  Y^f^™  ; pathological  researches  as  comj 
haps  this  is  due  to  a  certam  distrust  of  the  ^^^^  ,^33r,\tions.    As  regards  th| 

paL  with  tbe  exact  results  of  ^''^^^f  ^^^^Xd  o  m the  only  animal  capabll 

Lulty  of  speech,  however,  our  ^If^^^^lll'^^^^  Some  physio- 

of  articulate  language,  and  our  data  aie  ^^^^^^^^       ./^  „f  the  faculty  of  speech  as  no 
logical  writers  are  still  disposed  to         JJ^^/^^^f  "^logy  of  aphasia,  we  are  con^ 
definitively  settled;  but,  from  a  ^'^f^'^^l^^^j;/ /^/t^^^^^^  determined! 
vinced  that  there  is  no  poin  m  the  /'^y-  ology  of  the  ^^^^^.^^^^ 
than  that  the  faculty  of  speech  is  loo  t  'I  n  a  we    debne  _^  _^  ^^^^  ^^^^ 

anterior  lobes.    This  is  the  more  ^^t-^^^^^^^f  ^  ^SL  pm-tion  of  the  brain. ' 
defined  faculty  that  has  been  accurate  y  located  ^  f:^f^  ^  ..ore  o.  less 

Aphasia  is  a  pathological  condition  definition  includes  not 

completely,  of  the  power  of  language,  ^VJ^^^l^ ^T^Tess  ideas  by  speech,  but  cases  in 
alone  those  cases  in  which  pa  lents  ^^^^I'f^ ^^^^^r  ^.^^^^^^  express  ideas  m 
whicb  the  idea  of  language  is  lost  and  ^  ^^^^fj;  ^^h  because  the  subject  is  mca- 

writing.  Certain  cases  of  this  f  ^--^^^Py^^^f.  ^j'f' t1  patient  has  a  clear  idea  of 
pable  of  coordinating  tbe  mnscles  used  ^^J^  -"^J  ^rite  perfectly  well.  In  other 
language  and  of  the  meaning  of  words  and  °/;,^iting.    In  these,  the  idea  of 

casL,  the  patient  can  neither  speak  nor  ^^^lf;fjf;,^  3^e3se,  the  difficulty  is  either  in  he 

language  is  lost.    In  both  of  f  '^^  "'^f  t,e^  o^^^^^ 

organ  presiding  over  the  faculty  of  speech  oi  m  the 
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muscles  concerned  in  nrticiilation.  Thus  regarded,  aphasia  does  not  include  aphonia  from 
laryilgoal  disease,  or  loss  of  speech  such  as  is  observed  frequently  in  hysteria,  in  the  in- 
sane, who  sometimes  refuse  to  speak  from  pure  obstinacy,  or  in  cases  of  paralysis  of  the 
parts  immediately  concerned  in  articulation.  The  whole  history  of  the  disease  points  to 
a  particular  part  of  the  brain,  which  presides  over  the  faculty  of  speech. 

As  a  preliminary  to  the  location  of  the  nerve-centre  presiding  exclusively  over  speech, 
it  is  necessary  to  establish  the  existence  of  the  power  of  articulate  language  as  a  distinct 
faculty;  and  this  is  done  by  cases  of  disease  in  which  this  faculty  seems  to  be  lost,  the 
general  mental  condition  being  unaffected.    Passing  over  the  passages  in  the  writings  of 
the  ancients,  in  which  it  is  stated  that  the  power  of  speech  is  sometimes  lost,  and  even 
some  writers  in  the  beginning  of  the  present  century,  who  connected  this  difficulty  with 
lesions  of  the  anterior  lobes  of  the  brain,  we  come  to  the  observations  of  Dr.  Marc  Dax, 
who,  m  1836,  read  a  paper  before  the  medical  congress  at  Montpellier,  in  which  he  indicat- 
ed impairment  or  loss  of  speech  in  one  hundred  and  forty  cases  of  right  hemiplegia  Dax 
concluded,  from  these  observations,  that  the  faculty  of  articulate  language  occupies  the 
left  anterior  lobe  of  the  cerebrum.    This  memoir,  however,  attracted  but  little  attention 
until  1861,  when  the  discussion  was  renewed  by  Broca;  and,  since  then,  numerous  cases 
of  aphasia  Avith  lesion  of  the  left  anterior  lobe  have  been  reported  by  various  writers.  In 
1863,  M.  G.  Dax,  a  son  of  Marc  Dax,  limited  the  lesion  to  the  anterior  and  middle  portion 
of  the  left  anterior  lobe.    It  was  farther  stated,  by  Broca  and  Hnghlings  Jackson  to  be 
that  portion  of  the  brain  nourished  by  the  left  middle  cerebral  artery.    According  to 
recent  observers,  the  most  frequent  lesion  in  aphasia  is  in  the  parts  supplied  by  the  left 
middle  cerebral  artery,  particularly  the  lobe  of  the  insula,  or  the  island  of  Reil ;  and  it  is 
a  curious  fact  that  this  part  is  found  only  in  man  and  monkeys,  being  in  the  latter 
very  shghtly  developed.    While  we  must  agree  with  most  authors  in  the  statement  that 
the  organ  of  language  cannot  be  absolutely  restricted  to  these  parts,  it  is  none  the  less 
certain  that  they  are  most  frequently  the  seat  of  lesion  in  aphasia 

/^Me  it  is  demonstrated  that  the  cerebral  lesion  in  aphasia  involves  the  left  anterior 
lobe  in  the  great  majority  of  cases,  there  are  several  instances  in  which  the  right  lobe 
alone  is  affected;  and  this  has  led  physiologists  and  pathologists  to  deny  the  absolute 
location  of  the  organ  of  language  upon  the  left  side.  Even  if  we  reject  a  certain  number  of 
cases  of  aphasia  with  the  brain-lesion  limited  to  the  right  side,  in  which  we  may  suppose 
that  the  post-mortem  examinations  were  incomplete,  or  the  impairment  of  speech  was 
Ih^r'^^'V  V  ^™P^^P'^••^ly«i«  of  ^"^««les,  we  must  admit  that,  in  a  few  instances, 
aphasia  has  foUowed  injury  or  disease  of  the  brain  upon  the  right  side.    Aside  from 

Sorll  .T' 1  rr^'^'r*  ^^^^"^  ^^^-^     f^^^^J^  «  greater  amount  of 

ctnll  1,^  hemisphere,  it  is  evident  that,  as  far  as  volmitary  movements  are  con- 

Itnl  V     ."^    >  ""''^  '°  preference  to  the  left;  and  that  the 

motor  functions  of  the  left  hemisphere  are  superior  in  activity  to  those  of  the  right  It 
would  be  interesting,  then,  to  note  the  physical  peculiarities  of  persons  affected  with  left 

of Te  f/.'-  J"--  ^"''"'^  1"°*'^'       '''''     '-^P^^'-^^''-^  ^'^''^^'^^^  ^Pon  lesion 

left  h^m  ^  1  f  .  °  '''''^  consequent  left  hemiplegia,  in  which  the  persons  were 
be  St  i'  ,  .^^^  '^'J  "'•e'  interesting,  as  showing  that  a  person  may  nse 
t  mavl:t  °'  ^P^^'^'^'  '-^^  -0*°^  f"^«tions.    In  this  connecLn, 

Ll  1  ff'  t°        th^^t-  although  most  anatomists  have  failed  to  find  an^ 

marked  difference  m  the  weight  of  the  two  cerebral  hemispheres,  Dr.  Boyd  has  shown 

sphere,  Z         '■''1  .  '''"■^^  '""^  ^^^'"''^  Marylebone,  in  which  the  hemi- 

that  of  tlT.     Z7   f.''^''"f'^^'  invariably  the  weight  of  the  left  exceeded 

to  an  „n      .         "'i?''    '  o'-g^^  of  speech,  we  may  refer 

0  an  account,  by  Dr.  Broadbent,  of  the  brain  of  a  deaf  and  dumb  woman    In  thl  case 

ion  ™"  T  °'  ^^"'^^  -^5^^^*'       the  left  third  frontal  onVr 

Hon  was  of   comparatively  small  size  and  simple  character  " 

45 
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Taking  into  considevation  aU  of  the  P^^o^,icd  ^cts^eann.  ^^^^ 
seems  certain  that,  in  the  great  iBajori  y  »  P^^^^^^'        tl  third  frontal  convolution 

the  faculty  of  articulate  ^-^^^^^X^  of  Z  cerebl,  and  mainly  in  the  , 
and  the  island  o    l  a  .niU.        -terroi^^^^^^  ,     ^^^^       .^^^^^^^^       ^^^^^  ^^^^^ 

parts  nourished  by  the  middle  ^^^'^^'"'^ Z'";  ^        .  ,  ^  j,.      possible  that,  origi- 

to  ho  located  in  the  «o;-«P«°^^°^^       J^^^^^^^S^         the  Jt  lobe  of  the  brain 

Zt  t  ;Z^J^  right-handed_perso.s  may 

=^:^:i.raboution..ef^^^^^ 

with  speech,  simply  from  disuse     ihis  ^^^J' ^^"^     '  ^  Vt^^^t  of  which  is  the  state- 

the  intellect.    In  wiiat  is  ca  icu  inability  to  coordinate  the  mus- 

words  remain,  and  there  is  simply  loss  of  speech  J;"^  ^"^^^^  f  k  hut 

cles  concerned  in  articulate  language.    Patients  ^       ^/^^  ^  "4;^  J^'^e,  the  La  and 

amnesic. 

The  Cerebellum. 

•      A    +^  nnmnrehend  the  functions  of  the  cerebellum,  as  far  as 
It  is  not  necessary,  in  order  to  '^^J'f^^J^^g^      its  anatomical  characters.  The 
these  are  known,  to  enter  into  a  ^^^^^^^^^^^"^^^^^ 

points,  in  this  connection,  that  are        ^f^^^^^^^^^^^  and  white  matter ;  the 

Ing :  the  division  of  the  substance  of  '^^  '^if^^^^^^  fibres  with  the  cerebrum, 

connection  between  the  cells  and  fibres ;  *  ,        the  passage  of  fibres 

and  with  the  prolongations  of  the -l--^^^^  will  he  the  only  ones  that  wUl 

between  the  two  lateral  lobes.    These  points,  theretoie, 

engage  our  attention.  arrangement  of  tbe  encephalon,  the  cere- 

As  we  have  seen,  in  treatmg  of  the  S^^^^^^'Jl  weighs  about  5-2  ounces 

bellum,  situated  beneatb  the  Postenor  lob^s  of  the  cereb;.^.^;^^^  J^.^,,  ,,,,  the 
av.  in  the  male,  and  4-7  ounces  m  the  female.  V    F  separated  from 

cerebrum  is  as  1  to  8^  in  the  -a^^- f/J^  X,  called  the  tentorium.  Like  the 
the  cerebrum  by  a  strong  process  of  the  dura  ,  ^  ^^^^^^^ 

cerebrum,  the  cerebellum  presents  e^*^'"^^  lount  of  the  gray  substance  is  very 
formed  of  white,  or  fibrous  ^^^^-^^^^"^  ,  J'^^^d  is  farther  extended  by  the  penetra^ 
much  increased  by  numerous  fine  ^^on.oi.^ons  and  ^^^^  ^^^^^^ 

tion,  from  the  surface,  of  arborescent  P'-°''^^'f  ,f  J -'J.^^iarly-dentated  mass  of  cellular 
late;al  lobe,  embedded  in  the  white  '  Z^olntL  are  more  numerous  an 

matter,  called  the  corpus  den tatum.  JJ^;  these  convolutions  are  present  m 

the  gray  substance  is  deeper:than  '^^'^''''J'''^^^^^     ti,e  cerebrum  is  smooth.  _ 
many  of  the  inferior  animals  in  which  the  *"rface  ot  tn  developed  in  man 

"The  cerebellum  consists  of  two  lateral  ^^^^^^^^^^  iTemisphe-s  -  subdivided  iu^ 
than  in  the  inferior  animals,  and  a  -^d'an  lobe  1  h  ^^^^^  ^1^^  ^^^^^^^^^^^^  ,  m 
smaller  lobes,  which  it  is  unnecessary  ^/l^f^™^^^^  laterally  by  the  superior  peduncle^, 
front  and  below  by  the  medulla  ^^1'"]^^ '^'^^^^^^^^  cLity,  called  the  fourth  veu- 
and  superiorly  by  the  cerobcl  um  itself  -  a    .  ,ith  the  direction  of  the 

tricle.    The  crura,  or  peduncles,  will  be  descrioeu 

fibres.  ^  .      convolutions  presents  certain  pecuharit.es. 

The  structure  of  the  gray  substance  of  the  convoi 
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This  portion  is  divided  quite  distinctly  into  an  internal  and  an  external  layer.  The  inter- 
nal layer  presents  an  exceedingly  delicate  net-work  of  fine  nerve-fibres,  which  pass  to 
the  cells  of  the  external  layer.  In  the  plexus  of  anastomosing  fibres,  are  found  numer- 
ous bodies  like  free  nuclei,  called  by  Robin,-  myelocytes.  The  external  layer  is  some- 
what like  the  external  layer  of  gray  substance  of  the  posterior  lobes  of  the  cerebrum 


I'lo.  22-.~CereleUum  cmd  medulla  oblongata.  (Hirschfeld.) 
1, 1,  corpus  (lentatum;  2,  tuber  annulare;  3,  section  of  the  middle  Beduncle  •  i  d.  d  d.  j.  a  <■     •     .-u  v 


and  19  more  or  less  sharply  divided  into  two  or  more  secondary  layers.  The  most  exter- 
nal portion  of  this  layer  contains  a  few  small  nerve-cells  and  fine  filaments  of  connective 
tissue  ;  and  the  rest  of  the  layer  contains  a  great  number  of  large  cells,  rounded  or 
ovoid,  with  two  or  three,  and  sometimes,  though  rarely,  four  prolongations.  The  mode 
of  connection  between  the  nerve-cells  and  the  fibres  has  already  been  described  under 
the  head  of  the  general  structure  of  the  nervous  system. 

Course  of  the  Fibres  in  the  CereMlum. -Most  anatomical  writers  give  a  very  simple 
description  of  the  course  of  the  nerve-fibres  in  the  cerebeUum.  From  the  gray  sub- 
stance of  the  convolutions  and  their  prolongations,  the  fibres  converge  to  form  finally  the 
three  crura,  or  peduncles  on  each  side.  The  superior  peduncles  pass  forward  and  up- 
ward to  the  crura  cerebri  and  the  optic  thalami.  These  connect  the  cerebellum  with  the 
cerebrum.  Beneath  the  tubercular  quadrigemina,  some  of  these  fibres  decussate  with  the 
-0  esponding  fibres  upon  the  opposite  side;  so  that  certain  of  the  fibres  of  the  superior 
cluncles  pass  to  he  corresponding  side  of  the  cerebrum,  and  others  pass  to  the  cere- 
ijral  hemisphere  of  the  opposite  side.  ' 

the^on-.'^v r-^''^r°''!,'"''.  ^'^''■"^  hemispheres  of  the  cerebellum,  pass  to 

the  pons  Varolii,  where  they  decussate,  connectmg  together  the  two  sides  of  the-cere- 

'■JtmtatZ  ^"rf-"  °^^°°Sata  and  are  continuous  with  the 

sital  cord       '         '  '       continuations  chiefly  of  the  posterior  columns  of  the 

isifir»'^7''°^!.''''''^'  P'l^'^iological  significance  of  the  direction  of  the  fibres 
•X  eTt^r^^^^^^^^  and  generally-accepted  anatomical  investigations,  S 

ently  evident.    By  the  superior  peduncles,  the  cerebellum  is  connected,  as  are  all 
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,  V         T    wHi,       ppi-ebrum ;  by  the  middle  peduncles,  the  two  lateral 
of  the  g^J^Slm,  b^^^^^^^^^  ^^^^^    and,  by  the  inferior 

halves  of  the  cerebellum  -^-/^^"^^^  ^//^^^^h,  p,,terior  columns  of  the  spinal  cord, 
peduncles,  the  cerebellum  ^^  ^^J^^^^X.ti,^^  the  cerebellum,  that  its  connection 
r     ;::::::Z:ZZT^^^o.^  .  .  pomt  of  .eat  mterest  and  importance. 

physiologists,  with  regard  ^'^  ^pon  the  cerebellum  in  living 

.uade  the  first  elaborate  and  -^^^^^^^^^^^^  .^rrftation  of  the  cerebellum 

animals,  noted  -  ^^^^/^^^  ^^^.^^l./ons  ;  and  the  same  results  have  followed  the 
a  one  produced  J^^^^  P^^^^^  ^^^^^  ^ho  have  investigated  this  question  practically, 
observations  f'  ^      £  and  mutilated  the  cerebellum  in  pigeons  and  have 

We  have  ourselves  fiequently  e^posea  a  ^^^15^      From  these  facts,  we  must 

never  observed  any  evulence  of .  exc  abdxty  or  Ben  ib^h  7-  stimulation,  at  le».t 

conclude  that  the  cerebellum  :s  mexcxtable  '^^^J^^^'^^^  ''^  inipossible,  however,  that 
as  far  as  has  been  shown  by  direct  observations  It  ^^°°V^nrticularly  in  view  of 
M^^e  ;xperiments  may  reverse  this  ^-jf  J^-^^  ;h^^  certain 

the  recent  observations  of  Fritsch  ^^^^7;,^^^  ^^^^'tahmt;  Tf  the  encephalic  centres 
parts  of  the  cerebrum  are  excitab  e,  that  the  e.c  U^  y^  ^^^^^^ 
Lpidly  disappears  in  living  a--     as  th  result  of  pam  a^^^^^  ^^^^^^ 

fn  rnX'^S  ;?c:rS;:f  ~  and  in  the  Eallopian  tubes,  in  females, 
foUowing  irritation  of  the  cerebellum. 

Functions  of  the  CereheUum. 

There  are  stiU  ...  widest  di^rences  of 
the  functions  of  the  cerebeUum,  mamly  fo   the  --^e  a     apparently  contradicted  by 
lower  animals,  though  in  ^^^^-^     .^^^^nutiec^^^^^^^^^      should  be  no  such  discrep- 
pathological  observations  upon  the  carefully-observed  cases  of  disease  or 

ancy  between  well-conducted  experiments  and  caref^lj 

injury ;  for  it  is  certain  that  the  functions  ^^^'^^^l^        ti,^,.    it  is  necessary, 
ences'i'n  different  animals,  at  least  ^  XriyTng^ndlrrecting  the  res^ 
therefore,  for  the  physiologist  by  carefully  ana^I  ^^g         pathological  observations  the 
by  direct  experimentation  and  by  applying      ^  ™  ^^^^  the  real  or  apparent  con-« 
facts  elicited\y  these  experiments,  to  endeav  r  t^^^^  exceptions  to 

tradictions;  for,  as  we  have  often  If.X  Xas.es  o? animals  are  subordinated-,  and 
the  laws  to  which  the  functions  of  ^^^^^^^^^^  1,,,  ,l^ays  be  found,  as  our  posi- 

observations  and  experiments,  under  which  the  pbe- 

tive  knowledge  advances,  to  present  J^^-.^^^- f„,,tions  of  the  cerebellum  it  may 
nomena  have  been  observed    ^o  apply  this  idea  to  m  ^  directly  and  exclusively 

be  safely  assumed  that  it  is  impossible  -  *  /^^J^^.™  J,,^als,  and,  in  man,  to  pos- 
over  muscular  coordination  m  birds        ^J^^  possesses,  not  only  a  higher 

sess  different  functions.  With  -^-^  j«  ^^^^f^tS  than  ^he  inferior  animals  hu  ;s 
degree  of  development  of  certain  ^^tellectu.d  acu^^^^^  ^^^^^  „^d  m  the 

endowed  with  others,  such  as  the  ^YZfjT^TinnctloJ of  the  muscular  system  are 
higher  orders  of  animals,  the  S«"^^^^\.7P^;;;';;,erally-accept  views  of  the  functions 
essentially  the  same.  To  take  one  ot  '^'^^^J^J^J.^^^^^^^  in  birds  and  mammals 
of  the  cerebellum,  if  this  be  the  centre  for  "''^^c;;^;;"^^^  ^^^itional  functions  not  found 
it  has  the  same  oiBce  in  man,  although  t  in.'^y  desir.ability  of  •  brmgmg 

l^::  S  the  scale  of  animal  life,  ^^^^f  ^  Xiogi  al  observations,  we  shall  fir^ 
into  accord  the  results  of  <^^P^'™?f,  ^f^^Lufy  0  extirpation  of  the  cerebellum  m 
study  carefully  the  phenomena  which  follow  injury 
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Extirpation  of  the  Cerehellum  in  the  lower  Animals. — In  birds,  and  in  certain  mam- 
mals in  which  the  operation  has  been  successful,  the  more  or  less  complete  extirpation 
of  the  cerebellum  is  followed  by  well-marked  phenomena,  which  present  always  the  same 
character  but  are  somewhat  dilferently  interpreted  by  various  experimenters.  Experi- 
ments of  this  kind  were  first  made  by  Flourens ;  and  the  accuracy  of  his  observations 
has  never  been  successfully  controverted,  whatever  may  have  been  said  of  his  physiolo- 
gical deductions.  Indeed,  there  are  few  if  any  important  points  in  the  phenomena  fol- 
lowing partial  or  complete  removal  of  the  cerebellum  that  escaped  the  attention  of  this 
most  accurate  observer. 

Laying  aside,  for  the  present,  the  deductions  to  be  made  from  experiments  upon  ani- 
mals, we  may  quote  the  following  phenomena  noted  by  Flourens  and  by  all  who  have 
repeated  his  observations  upon  the  cerebellum  : 

"  I  extirpated  the  cerebellum  by  successive  layers  in  a  pigeon.  During  the  removal 
of  the  first  layers,  there  only  appeared  slight  feebleness  and  want  of  harmony  in  the 
movements. 

"  At  the  middle  layers,  there  was  manifested  an  almost  universal  agitation,  although 
there  was  not  added  any  sign  of  convulsion  ;  the  animal  executed  sudden  and  disordered 
movements  ;  it  heard  and  saw. 

"  On  the  removal  of  the  last  layers,  the  animal,  the  faculty  of  jumping,  flying,  walk- 
ing, and  maintaining  the  erect  position  being  more  and  more  disturbed  by  the  preceding 
mutilations,  lost  this  faculty  entirely. 

"  Placed  on  the  back,  it  was  not  able  to  recover  itself.  Far  from  resting  calm  and 
steady,  as  occurs  in  pigeons  deprived  of  the  cerebral  lobes,  it  became  vainly  and  contin- 
ually agitated,  but  it  never  moved  in  a  firm  and  definite  manner. 

"  For  example,  it  saw  a  blow  with  which  it  was  threatened,  wished  to  avoid  it,  made 
a  thousand  efforts  to  avoid  it,  but  did  not  succeed.  If  it  were  placed  on  its  back,  it  would 
not  rest,  exhausted  itself  in  vain  efforts  to  get  up,  and  finished  by  remaining  in  that  posi- 
tion in  spite  of  itself. 

"  Finally,  volition,  sensation,  perception,  persisted  ;  the  possibihty  of  making  general 
movements  persisted  also  ;  but  the  coordination  of  the  movements  in  regular  and  definite 
acts  of  locomotion  was  lost." 

The  above  are  the  phenomena  observed  after  total  extirpation  of  the  cerebellum 
Voluntary  movement^  sensation,  general  sensibility,  and  the  special  senses,  seem  to  be 
intact;  but  there  is  always  a  loss  of  the  power  of  equilibrium,  and  the  movements  exe- 
cuted are  never  regular,  efficient,  and  coordinate.  Flourens  farther  states  that  animals 
operated  upon  m  this  way  retain  their  intellectual  and  perceptive  faculties. 

It  is  exceedingly  important  now  to  note  the  effects  of  partial  removal  of  the  cerebel- 
lum, as  these  bear  directly  upon  cases  of  disease  or  injury  of  this  organ  in  the  human 
subject,  ra  which  its  disorganization  is  very  rarely  complete.  We  may  Dlustrate  this, 
also,  by  citing  two  of  Flourens's  typical  experiments  : 

"  I.  I  removed  by  successive  layers,  all  of  the  upper  half  of  the  cerebellum  in  a 
young  cock. 

"  The  animal  immediately  lost  all  stability,  all  regularity  in  its  movements  ;  and  its 
tottering  and  hizarre  mode  of  progression  reminded  one  entirely  of  the  gait  in  alcoholic 
intoxication. 

"  Four  days  after,  the  equilibrium  was  less  disturbed,  and  the  progression  was  more 
nrm  and  assured. 


Fifteen  days  after,  the  equilibrium  was  completely  restored. 
"  II.  I  removed,  in  a  pigeon,  about  the  half  of  the  cerebellun 


cerebellum ;  and  I  removed  this 

organ  completely  in  a  fowl. 

"At  the  end  of  a  certain  time,  the  pigeon  bad  regained  its  equilibrium;  the  fowl 
ma  not  regain  it  at  all:  the  latter  lived  nevertheless  for  more  than  four  months  after 
we  operation." 
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f '  '""L  ,*rl    0.r^?n  r;rl^  wMd.         been  ,»r,  ».,ne,««.  durin, 

beeo  tbe  .be  oerebellnm  oris,  from  b»mor,i.ec  and 

Tbe  only  d  fflculticB  m  J  ,t„n  is  cjposed  b,  .littlng  n,,  tbe 

'"V'Td'tbe  Xrinm  .r^olt  rros^^^  portion,  penetrating  jn.t  above  .be 
scalp,  ami  the  caivanum  ib  i  ^  ^         ^y^^  median 

eat,  but,  ^vhen  the  movements  are  very  "•^•^S'^^^' '  ^ 

r^^^rj^^SoriSbTZS  tlT  Lpb...  a  iittie  b„ad 

*r„t  t":  ee,ebel,nn„  wbiie  tbe,  adn.it  .be  -''"'Z'JX^':^r:,on  a.nnai,  low 
We  .hall  eliminate  from  tbe  present  d,.ea...on  tbe  !f  !™^"Jt,      m  aceord 

,„  tbe  .eale,  .„cb  a.  Irogs  and  ii.be.  (altbongb,  m  some  ot  ^l^'^lLnare  oLelve.  .0  an 
witb .be  ob,er„.ion.io,t  cited  npon "J"™";^*^^^^^^^^  r„ebell„m  in  anto,,!. 
l„terpre...ion  ot  .he  phenomem.  ^^^^     the  h.man  snbjee..  The 

in^hieb.hemmcnlarand  „fl  ,„  "i^^^     a,  in  any  ejperimen.. 

resLsot  .bis  mnidation  are  "/f  j*^;^^^^^^^ 

npon  living  animals,  f  •  ^'^^^/^  °  i,f  ^^^^^^^^      is  removed  from  a  bird  or  . 

When  the  greatest  part  oi  tne  wuoio  v  ,.pi.fect]v  normal  condition  and  no 

„al,  the  animal  heing,  ^^-^^-f^t^r  c^o^I^y  and  invariably  observed 
other  parts  bemg  ^^J^;^^' ^^'/Xtary  movements.  The  intelligence,  general  and 
except  certain  modifications  of  the  wmntary  gij^pie  faculty  of  voluntary  motion, 

specLl  sensibility,  the  ^-^oUnt.ry  ^o.^^^^^^^  ^coordinate ;  the  animal 

remain.    The  movements  are  always  -^^^^^^^^^^  impossibility  of  making  regular 

cannot  maintam  its  equilibrium ;  and,  ;';';°'^JJ  °  ^  tl^e  power  of  coordinating 
movements,  it  cannot  feed.  This  want  of  ^<^^1^^^;^^^  '^^^  „P,^e  the  most  absurd 
the  muscles  of  the  general  voluntary  ^^med  to  hese  experiments,  are  entirely 

and  remarkable  postures,  which  to  ^X-ro^  of  coordination,  of  "muscular  sense,"  au 
characteristic.  Call  this  want  of  eq^^l»'  ^Jj^s,  that  regular  and  coordinate  mus- 
indication  of  vertigo,     what  we  will,  the  ^^^^  ^  ^^wer 

cular  action  in  standing,  wa  kmg,  oi  Aj'^S^^^^^^  ^ore  or  less  automatic,  as  m 

remains.    It  is  well  known  that  -^^^  "^^^^^^  f  ^ell  as  nearly  all  voluntary 

standing,  and,  to  a  certain  extent,  ^^T'^^^"^/'  .  tC^^^^^^  and  this,  and  this  alone,  is 
movements,  require  a  certain  coordma  on  o  the  muscle 

abolished  by  extirpation  of  tbe  ^^^^"^  ^/^J  .TsTrders  of  movement,  but  this  is  the 
cular  canals  of  the  internal  ear  P^f  -^J^^^^^^^^^  of  the  spinal  cord,  which 

only  mutilation,  except  division  of  the  anterioi  wniLe 
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produces  any  thing  resembling  the  results  of  cerebellar  injury.  Certain  important  coordi- 
nate muscular  movements  are  well  known  to  be  dependent  upon  distinct  nerve-centres. 
The  acts  of  respiration  are  presided  over  exclusively  by  the  medulla  oblongata.  Deglutition 
probably  has  its  distinct  nerve-centre,  as  well  as  the  movements  of  the  eyes.  The  centre 
regulating  the  coordinate  movements  in  speech  is  situated  in  the  anterior  cerebral  lobes. 
None  of  these  peculiar  movements  are  affected  by  extirpation  of  the  cerebellum. 

If  there  be  a  distinct  nerve-centre  which  presides  over  the  codrdination  of  the  general 
voluntary  movements,  experiments  upon  the  higher  classes  of  animals  show  that  this 
centre  is  situated  in  the  cerebellum.  It  may  be  either  in  the  entire  cerebellum  or  in  a 
certain  portion  of  this  organ,  but,  if  it  be  confined  to  a  restricted  part,  this  has  not  yet 
been  determined.  If  the  cerebellum  preside  over  coordination,  as  a  physiological  neces- 
sity, the  centre  must  be  connected  by  nerves  with  the  general  muscular  system.  If  this 
connection  exist,  a  complete  interruption  of  the  avenue  of  communication  between  the 
cerebellum  and  the  muscles,  we  should  naturally  expect,  would  be  followed  by  loss  of 
coordinating  power.  From  the  anatomical  connections  of  the  cerebellum,  it  appears  that 
the  only  communication  between  this  organ  and  the  general  system  is  through  the  pos- 
terior white  columns  of  the  spinal  cord.  We  have  seen  that  these  columns  are  not  for 
the  transmission  of  the  general  sensory  impressions,  and  there  is  no  satisfactory  evidence 
that  they  convey  to  the  encephalon  the  so-called  muscular  sense.  As  regards  general 
sensibility  and  voluntary  motion,  we  cannot  ascribe  any  function  to  the  posterior  white 
columns,  except  that,  when  they  are  divided  at  several  points,  we  invariably  have  want 
of  coordination  of  the  general  muscular  system.  When  the  posterior  white  columns  are 
disorganized  in  the  human  subject,  we  have  loss  or  impairment  of  coordinating  power,  even 
though  the  general  sensibility  be  not  affected,  as  in  the  disease  called  locomotor  ataxia. 

Confining  ourselves  still  to  the  interpretation  of  experiments  upon  living  animals,  and 
leaving  for  subsequent  consideration  the  phenomena  observed  in  cases  of  disease  or  injury 
of  the  cerebellum  in  the  human  subject,  we  are  led  to  the  following  conclusions : 

There  is  a  necessity  for  coordination  of  the  movements  of  the  general  voluntary  system 
of  muscles,  by  means  of  a  nerve-centre  or  centres. 

Whatever  other  functions  the  cerebellum  may  have,  it  acts  as  the  centre  presiding 
over  equilibration  and  general  muscular  coordination. 

The  cerebellum  has  its  nervous  connections  with  the  general  muscular  system  through 
the  posterior  white  columns  of  the  spinal  cord,  a  fact  which  is  capable  both  of  anatomical 
and  physiological  demonstration. 

If  the  cerebellum  be  extirpated,  there  is  loss  of  coordinating  power;  and,  if  the  pos- 
terior white  columns  of  the  cord  be  completely  divided,  destroying  the  communication 
between  the  cerebellum  and  the  general  system,  there  is  also  loss  of  coordinating  power. 

When  a  small  portion  only  of  the  cerebellum  is  removed,  there  is  slight  disturbance 
of  coordination,  and  the  disordered  movements  are  marked  in  proportion  to  the  extent 
of  injury  to  the  cerebellum. 

After  extirpation  of  even  one-half  or  two-thirds  of  the  cerebellum,  the  disturbances  in 
coordination  immediately  following  the  operation  may  disappear,  and  the  animul  may 
entirely  recover,  without  any  regeneration  of  the  extirpated  nerve-substance.  This  im- 
portant fact  enables  us  to  understand  how,  in  certain  cases  of  disease  of  the  cerebellum  in 
tlie  human  subject,  when  the  disorganization  of  the  nerve-tissue  is  slow  and  gradual,  there 
may  never  be  any  disorder  in  the  movements. 

We  present  the  above  conclusions,  as  in  our  own  mind  positive  and  definite.  It  is 
proper  to  state,  however,  that  the  definition  of  the  function  of  the  cerebellum  is  one  of 
the  points  stated  by  many  physiological  aiithors  as  doubtful  and  unsettled  ;  and  this  is  so, 
mamly  because  some  writers  have  been  unable  to  harmonize  the  experimental  facts  above 
(letailcd,  with  cases  of  disease  or  injury  of  the  cerebellum  in  the  human  subject.  AYo 
conceive  that  this  has  frequently  been  due  to  an  imperfect  study  of  the  pathological  facts 
Winch  we  now  propose  to  discuss.  ' 
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Pathological  Facto  beaming  upon  the  Functions  of  the  CereMlum.Searly  all  writers 
upon  the  physiology  of  the  nervous  system,  while  tliey  agree  that  extirpation  of  the  cere- 
bellum in  the  lower  animals  produces  irregularity  of  movements  are  arreste<]  as  .^re 
in  their  deductions,  by  tlie  foUowifig  quotation  trom  Andral,  in  Lib  report  of  ninety-three 

cases  of  disease  of  the  cerebellum :  ,  .  ,  p      t  ,11 

"  A  more  remarkable  alteration  of  movement  is  noted  in  the  observation  of  M.  Lalle- 
mand  The  patient  staggered  on  his  legs,  and  often  came  near  falling  forward.  In  tlj.s 
case  the  only  one  which  tends  to  confirm  the  opinion  of  physiologists  who  regard  the 
cerebellum  as  the  organ  of  the  coordination  of  movements,  the  cerebellum  was  entirely 
transformed  into  a  sac  filled  with  pus."  „    ,  ,    •  . 

The  bare  statement,  such  as  is  generally  made,  that  Andral  collected  nmety-tbree 
cases  of  disease  of  the  cerebellum,  only  one  of  which  tends  to  show  that  this  is  the 
omm  of  muscular  coordination,  is  sufficient  to  arrest  any  physiologist  in  the  conclu- 
sions that  would  naturally  be  drawn  from  experimental  facts;  and  many  writers  bave 
expressed  themselves  as  uncertain  upon  the  question  of  the  function  of  tbe  cerebellum 
Befo  e  we  go  any  farther,  we  wish  to  settle,  once  for  all,  tbe  physiological  bearing  o 
ZZ:i    and,'witb  thi's  end  in  view,  have  carefully  studied  analyzed 
them    Out  of  the  ninety-three  cases,  fifteen  were  observed  by  Andral  and  seventy 
llU  ai-e  quoted  from  various  authors.    An  analysis  of  these  -ses  with  reference  o 
coitions  Ukely  to  complicate  the  effects  of  the  cerebellar  disease,  etc.,  is  given  m  the 
following  table : 

Analysis  of  AnclraVs  Mnety-three  Cases  of  Disease  of  the  CercMlum. 

{Six  Cases,  odscrved  ly  Andral. ) 

]  case. 
".     ■  .       .    1  " 
■    1  " 
.    3  " 


Hemiplegia  ;  death  in  fifty  hours 
Hemiplegia ;  sudden  death       .       ■       •  • 
Hemiplegia  ;  death  in  two  days 
Hemiplegia;  associated  with  cerebral  hismorrhage 


(Seventy-eight  Gases,  quoted  from  various  Authors.) 

Hemorrhage  into  the  cerebellum  ;  quoted  from  Serres 
„  u  "  quoted  from  Dance 

,1  ci  "  quoted  from  Bayle 

„  a  "  quoted  from  Guiot 

„  it  "  (Serres);  hemiplegia 

„  11  «  (Gazes);  coma 

„  «  «  (Morgagni) ;  found  dead 

(Sfidillot)  ;  died  in  fifteen  minutes 
"•  (Cafford) ;  died  suddenly      .  ,  ,  . 

Hemorrhage  (Miehelet);  apoplexy  two  years  before  death;  found  an  old  elot  m  the 
right  lobe  of  the  cerebellum    .       .       •  ;„to  the  cerebrum  as  well 

Haemorrhage  (quoted  from  various  authors) ;  hemorrhage  mto^  the  eereb^ 

as  the  cerebellum  „    ,"     •  i,„„„ 

Atrophy  of  the  left  cerebral  and  the  right  cerebellar  hemisphere  •  • 
C  ses  of  disease,  with  paralysis  ;  quoted  from  various  augers  .  .  • 
Cases  of  abscess,  with  paralysis  ;  quoted  from  various  authors  •  • 
Cyst  (Il6camier) ;  convulsions  _ 
Abscess  (Laugier);  convulsions  .       •       "    _       ;  ;o6rdination  • 

Abscess,  involving  the  entire  cerebellum  ^^^J'^^jf J  ^^^^^^^        „oted  in  the  move- 
Cases,  quoted  from  various  authors,  m  which  no  J'  cerebellum    .  • 
ments ;  the  disease  was  confined  to  one  lateral  lobe.of  the 

>  in  these  six  cases,  there  was  h<emorrhase  >f  "  t^^^XttyZ  the  on.y  one  showing  want  of  coordination, 
a  This  is  the  single  case,  noted  by  Andral,  out  of  the  ninety  wreo, 
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Cases  of  tumor,  quoted  from  various  authors,  in  which  there  was  paralysis       .       .15  cases. 

Cases  of  tumor,  associated  with  disease  of  the  cerebrum  7  " 

Cases  of  tumor,  associated  with  convulsions ;  the  descriptions  are  very  indefinite      .    9  " 

{Nine  Gases,  olaened  ly  Andral.) 

Softening ;  hemiplegia  and  convulsions  1  case. 


Softening ;  hemiplegia  arid  subsequent  haemorrhage  

Softening;  hemiplegia  and  hiBmorrhage  

Softening ;  agitation,  like  convulsions,  of  the  members  

Cyst ;  paralysis  and  convulsions  

Tubercle  ;  hemiplegia  

Five  small  tubercles  in  one  hemisphere  of  the  cerebellum ;  movements  normal  . 
Tuberculous  mass,  the  size  of  a  hazel-nut,  on  one  side  of  the  cerebellum  ;  movements 


normal  ..............  1  " 

Cyst,  the  size  of  a  hazel-nut,  on  one  side  of  the  cerebellum ;  movements  normal       .  1 — 9  cases. 

Add  cases  of  haemorrhage,  previously  cited,  observed  by  Andral,       ....  6  " 

Add  cases  quoted  from  various  authors   78  " 

Total  cases  collected  by  Andral                                                      .  93  cases. 


In  six  cases,  quoted  from  Serres,  marked  *,  "  there  were  observed  all  the  signs  of  vio- 
lent apoplexy  ;  nothing  in  particular  is  said  with  regard  to  disorders  of  movement."  In 
the  case  quoted  from  Dance,  marked  t,  the  patient  was  struck  with  apoplexy.  In  the 
case  quoted  from  Bayle,  marked  X,  the  patient  suddenly  lost  consciousness,  had  convul- 
sive movements  on  the  third  day,  and  died  in  coma,  on  the  fifth  day.  In  the  case  quoted 
from  Guiot,  marked  §,  there  was  "  no  lesion  except  effusion  of  blood  in  the  median  lobe 
of  the  cerebellum.  The  individual  who  was  the  subject  of  this  observation  had  had  an 
attack  of  apoplexy.  Before  his  attack,  he  had  for  some  time  a  tottering  gait  {demarche 
cTiancelante),  and,  after  the  attack,  remained  hemiplegia  on  the  right  side." 

Let  us  now  carefully  review  these  ninety-three  cases  of  Andral,  which  have  been  held 
in  terrorem  over  those  who  have  ventured  to  argue,  from  experiments  upon  animals,  that 
the  cerebellum  is  the  coordinator  of  the  muscular  movements,  and  see  how  many  may 
properly  be  thrown  out  of  the  question  ! 

We  can  discard  the  first  six  cases,  observed  by  Andral,  in  Avhich  there  was  hemiplegia, 
speedy  death,  and  in  three  of  which  there  was  cerebral  htemorrhage ;  for  we  could 
hardly  observe  want  of  coordination  in  hemiplegics  or  in  cases  compUcated  with  cerebral 
disease.  We  can  discard  the  six  cases,  quoted  from  Serres,  in  which  there  was  violent 
apoplexy,  as  well  as  the  case  quoted  from  Dance,  with  apoplexy,  and  the  case  quoted 
from  Bayle,  with  coma  and  convulsions.  It  is  evident  that  these  cases  are  useless  in 
noting  the  presence  or  absence  of  coordinating  power.  We  can  discard  two  cases,  (Serres) 
with  hemiplegia ;  one,  (Gazes)  with  coma ;  one,  (Morgagni)  found  dead ;  one,  (S6dillot)  died 
in  fifteen  minutes  ;  one,  (Cafford)  died  suddenly ;  and  one,  (Michelet)  apoplexy  two  years 
before  death,  and  an  old  clot  in  the  right  lobe  of  the  cerebeUum.  This  last  case  is  in 
accord  with  experiments  on  animals  ;  for  we  have  seen  that  the  coordinating  power  may 
be  restored  after  loss  of  one-half  of  the  cerebellum.  We  can  discard  nine  cases  quoted 
from  various  authors,  in  which  there  was  cerebral  as  well  as  cerebellar  hcemorrhage;  two 
cases  of  paralysis,  with  atrophy  of  one  hemisphere  of  J;he  cerebrum  and  one  hemis- 
phere of  the  cerebellum  ;  nine  indefinitely-described  cases,  with  paralysis  ;  three  cases  of 
abscess,  with  paralysis ;  one  case  of  cyst  and  one  of  abscess,  with  paralysis  ;  fifteen  cases 
of  tumor,  with  paralysis ;  seven  cases,  associated  with  disease  of  the  cerebrum  and 
paralysis  ;  and  nine  very  indefinitely  described  oases,  associated  with  convulsions.  Of  the 
remaining  cases  observed  by  Andral,  we  can  discard  one,  with  hemiplegia  and  convul- 
sions; one,  with  hemiplegia  and  subsequent  haamorrhage;  one,  with  hemiplegia ;  one  case 
of  cyst,  with  paralysis  and  convulsions  ;  and  one,  of  tubercle,  with  hemiplegia.    AVe  can 
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also  discard  one  case  of  five  small  tubercles  in  one  ^^-^'^^^'^^'^  fj^; '^f^^^^^ 
of  a  tuberculous  mass,  the  size  of  a  bazol-nut,  upon  one  s.de  ;  and  T l     Veltl  oi  ot' 
of  a  hazel-nut,  upon  ^ne  side.    These  last  cases  do  not  present  ^^^^^^^  f '^^^  °< 
the  cerebellar  substance  to  lead  us  to  expect  any  disorder  m  the  movements. 

Sus  fa  we  hav  discarded  eighty-five  cases,  leaving  eight  to  be  analyzed  Of  these 
iJiustarwena  giujpiy  stated  that  the  movements  were  uuaiiected,  and  that 

"fne  :f"S'e  late  S  lob  soSe  cerebellum  was  the  seat  of  abscess."  In  view  of  this 
barstateLtTd  of  the  fact  that,  in  animals,  recovery  of  coordinating  power  takes  place 
then  hTof  ke  cerebellum  has  been  removed,  we  may  throw  out  these  cases  as  mcon,- 
riie  Smust  l  e  remembered  that  the  abscesses  were  probably  o  slow  development; 
and  if  they  Id  not  destroy  a  sufllciently  large  portion  of  the  cerebellum  to  -A-nce  he 
li-d  nat  ng  power  permanently,  it  is  not  probable  that  the  functions  of  his  organ  wou^d 
be  it  aU  affeited,  as'  there  would  be  no  shock,  such  as  occurs  m  the  sudden  removal  of  . 

'"^ZZolZZ:^  tbree  cases  ;  and,  in  all  of  tbese,  the  movements  we  more 
or  ll  affected.   These  cases  we  shall  now  study  as  closely  as  is  possible  from  the  deta.ls 

rl™  I     The  first  case  is  quoted  from  Guiot.    There  was  no  lesion,  except  an  effu- 

upon  the  peduncles.      ^^^^^^^'^  .^me  time  a  staggermg  gait  {une 

an  attack  of  apoplexy  Before  '^"'^Jf '  f '^'i  ,  remained  hemiplegic  on  the  left 
demarche  chaneelante),  and,  after  the  attack,  he  ^'J^^^^  amount  of 

side  "    From  these  meagre  details,  it  seems  probable  that  there  was  a  cer  ai 
S^ulty  of  coordination  although  the  de-iption  is  not  as^defin.  ^^^^7^. 

Case  II.-The  second  case  was  observed  by  ^^y'^ "  ^^^^^  from  severe  head- 

of  age,  was  brought  into  the  Maison  royale  de  sante,  having  «f       """^  j^^^- 
fche  vertigo,  etc',  for  fifteen  days,  which  ^^^^^^^^^^^ 

the  first  three  days  in  the  hospital    '  he  was  m  ^-^^^^^^^  'so  Irus.ues 

Hients  of  the  members,  on  the  right  as  well  as       left  side  we  i,,tion  be- 

and  disordered  that  they  resembled  ^^-^-'fr^ZlT^^^^^^^^ 
came  disturbed,  and  he  died  in  asphyxia.      .^P^^  P°^*^;^'^^  ^^,,1,,,!  hemispheres; 
found  general  injection  of  the  meninges  ^  -  -^^^S^^^^^^        f  t\e  left  hemisphere 
a  moderate  quantity  of  serum  in  the  ventricles  ,  ^^^^f  '"7j^^.„^^  „ 
of  the  cerebellum  in  its  posterior  this  case  was  a  certain 

The  only  marked  symptom  relatmg  to  ^^^^"J"  ^^-^^  the  patient  was  in 

amount  of  irregularity  and  convulsive^  action  o  tje  ^^J^^J^ J^^^  coordination-theory; 
bed.  The  case  is  not  strong  in      hearings,  eithe  for  o    g  ^^^^^^^ 

for  there  must  have  been  a  great  '-^"^^^^^V.J  ^f  eTuUibration  or  of  coordination  in  a 
would  certainly  be  difficult  to  note  disturbance  of  equdibratio 

patient  confined  to  the  bed.  „ii„,„„rid  and  is  taken  by  Lallemand  from 

The  third  case  is  quoted  by  Andral  from  Lallemand,  antt 

Delamare.  .  ,    fortv-six  vears  of  age,  of  a  good  tempera- 

Case  III.-"M.  Guerin,  vicar  at  ^^^^.^^^'^^  of  a  dull  pain,  which 

ment,  strong,  and  corpulent,  with  a  f^""!  ;°7l,e  experienced  attacks  of  ver- 

finally  became  acute,  under  the  frontal  bone    Joi  a  yea  ,         ^^^^^  ^^^^  ^^^.^^ 

tigo  and  vomiting,  without  fever.    He  ^^^llistl  a^^d  d^^^^^ 

forward.    The  treatment  employed  was  ^^^^^^^^^^^^^^  ,^tirely  healthy,  but  the  en- 

On  post-mortem  examination,  ^'^^^^^iTZ^^^  about  the  half  of  an 

velop  of  the  cerebellum  was  collapsed,  folded,  ana  ^ 

egg-shell  full  of  a  brown  and  fetid,  ly-^v'^^'l^'^ZtrnM  difllculty  in  equilibration  or 
This  case,  as  far  as  the  description  goes,  shows  marlcea 

coordination.  forcKoing  analysis  of  Andral's  cases,  he  wiU 

If  the  reader  have  carefully  studied  the  toregoin^ 
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see  that  eighty-five  may  be  thrown  out  altogether,  leaving  but  eight;  and,  of  those  eight 
cases,  five  are  so  imperfectly  described,  and  the  disorganization  of  the  cerebellum  is  so 
restricted,  that  they  may  also  be  disregarded.  The  ninety-three  cases  are  thus  reduced 
to  three.  Of  these  three  cases,  in  two,  it  is  uncertain  whether  or  not  there  were  defi- 
ciency of  coordinating  power ;  and  in  one,  the  diificulty  in  equilibration  or  coordination 
was  distinctly  noted.  This,  we  conceive,  disposes  of  the  much-quoted  ninety-three  cases 
of  Andral ;  and  they  are  certainly  not  opposed  to  the  view  that  the  cerebellum  is  the 
organ  of  equilibration  or  muscular  coordination. 

In  addition  to  the  cases  collected  by  Andral,  there  are  numerous  other  instances  on 
record  of  disease  confined  to  the  cerebellum,  of  which  the  following  are  examples : 

Case  IV. — In  1826,  Petiet  reported  a  case  of  disease,  in  which  the  cerebellum  was 
entirely  destroyed,  its  tissue  being  broken  down  into  a  sort  of  whitish  iouillie.  The  cere- 
brum was  healthy.  The  observation  was  made  in  1796.  The  patient,  before  death,  was 
observed  to  present  a  remarkable  tendency  to  walk  backward.  He  rose  from  his  seat 
with  difiiculty,  and,  once  erect,  the  first  movements  of  the  feet  were  lateral,  and  he  finally 
walked  by  moving  the  feet  from  before  backward.  His  locomotion  consisted  simply  in 
passing  from  his  own  to  an  adjoining  bed  in  the  ward,  a  distance  of  about  six  feet. 

Case  V. — One  of  the  most  remarkable  cases,  and  the  one  most  frequently  quoted  by 
physiological  writers,  was  reported  by  Combette,  in  1831.  This  patient,  Alexandrine 
Labrosse,  in  her  seventh  year,  was  seen  by  M.  Miquel.  Since  the  age  of  five  years  only 
had  she  been  able  to  sustain  herself  on  her  feet.  M.  Miquel  was  struck  with  her  slight 
development  and  the  feebleness  of  the  extremities.  At  the  age  of  nine  and  a  half  years, 
she  was  admitted  into  the  Orphelins.  "  When  spoken  to,  she  answered  with  difficulty 
and  hesitation.  Her  legs,  although  very  feeble,  enabled  her  stiU  to  walk,  but  she  often 
fell."  She  was  first  seen  by  M.  Combette,  in  January,  1831.  She  had  then  kept  the  bed 
for  three  months ;  was  constantly  lying  on  the  back,  and  could  scarcely  move  the  legs ; 
she  used  her  hands  with  ease.  She  died  of  some  intestinal  disorder,  March  25,  1831.  On 
post-mortem  examination,  "  in  place  of  the  cerebellum  there  was  a  cellular  membrane, 

:  gelatiniform,  semicircular,  from  eighteen  to  twenty  lines  in  its  transverse  diameter." 
There  was  no  trace  of  the  pons  Varolii.    Combette  states  that  Alexandrine  Labrosse  was 

:  able  to  walk  for  several  years,  always,  it  is  true,  in  an  uncertain  manner ;  later,  her  legs 
became  more  and  more  feeble,  and  finally  she  ceased  to  be  able  to  sustain  her  weight. 

;  She  had  the  habit  of  masturbation.    Combette  farther  states  that  this  observation  is  not 

•  in  accord  "  with  the  experiments  of  Flourens,  which  tend  to  show  that  the  cerebellum  is 

■  the  regulator  of  movements."  The  encephalon  was  also  examined  by  GuiUot,  who  noted 
;  absence  of  the  cerebellum  and  of  the  pons. 

This  case  is  somewhat  imperfect,  as  it  was  not  seen  by  Combette  untU  the  patient  had 
.  kept  the  bed  for  three  months.  By  some  writers,  it  is  quoted  in  favor  of,  and  by  some, 
i  in  opposition  to  the  view  that  the  cerebellum  coordinates  the  muscular  movements.  It 
'  was  not  a  case  of  simple  disease  of  the  cerebellum,  as  the  pons  and  the  posterior  pedun- 
(  cles  were  also  absent.  It  was  noted,  before  the  case  was  seen  by  Combette,  that  the 
1  patient  walked  in  an  uncertain  manner  and  often  fell. 

Several  cases  of  injury  of  the  cerebellum  are  reported  by  Larrey. 
Cask  VI.— One  case  is  described,  in  which  the  patient  was  struck  by  a  ball  from  a 
:  blunderbuss,  which  grazed  the  occipital  protuberances.    There  was  no  disturbance  of 
:  movement.    The  patient  died  on  the  thirty-ninth  day,  in  opisthotonos.    On  post-mortem 
examination,  "  the  occipital  bone  had  sustained  a  considerable  loss  of  substance ;  the  slit 
into  the  dura  mater,  to  which  we  have  alluded,  corresponded  to  the  centre  of  the  right 
lobe  of  the  cerebellum,  which  was  sunk  downward  and  was  of  a  yellowish  color,  but  free 

■  from  suppuration  or  efi'usion.  The  medulla  oblongata  and  spinal  marrow  bore  a  dull, 
^  white  aspect,  were  of  greater  consistence  than  is  natural,  and  had  lost  about  a  quarter  of 
t  their  size ;  the  nerves  arising  from  them  appeared  to  us  also  to  be  in  a  state  of  atrophy 
I  near  their  origin." 
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Case  VII.-Anotlier  patient  was  struck  by  a  piece  of  wood  on  the  rigbt  side  of  the 
head    He  w^s  found  dead  a  little  more  than  three  months  after  the  mjury    "  Ihe  r.gh 
temtpher^^^^       cerebellum  was  entirely  disorganized  by  an  abscess  which  pervaded 

11      It       1)    i^n  fiistnrhances  of  movement  were  noteu. 
,ts  erysipelas  following  a  fall  on  the  side  of  the  head. 

0A8E  viii.    iv  1  f  ths.    Five  or  six  weeks  alter  the  mjury,  he 

Tad  irpai^  in  tt '^cc?;;:  and,  "  when  standing,  he  could  with  difficulty  only  pre 

.  Vil  Pnml  brium  "  Oa  post-mortem  examination,  the  deep-seated  vessels  of  the  cere-  j 
serve  his  '^'l"^!^^:^ .  ^  »  ^^^^  the  left  lobe  of  the  cerebellum,  about  three  f| 
brum  were  found  -J^^^^J'  l,ad  encroached  upon,  or  ^ 

ll7ZS^ofS^l  the  hemisphere  of  the  cerebellum ;  this  purulent  substance  was 
envelopi  vi^^^^^      pia  mater,  which  had  acquired  a  somewhat  firmer  ~tence  and 
nst  the   ub  ect  of  tbe  preceding  case,  assumed  a  pearly  color.    The  other  half  of  the 
"reLtm  was  shrivelled!  and  the  medullary  substance  forming  the  arbor-vit.  was  of  a 

^  tfe  STtlrL™  found  by  Larrey  to  be  associated  with  extinction  of  sexual 
appSe  and  atrophy  of  the  o-'.-s  of  gen^^^^^^^^^^^^^ 

^:rS;l=""o-^r  t  :=t  ci,^here  was  difficulty  in 

equilibration,  but  also  some  paralysis.  ,  .  .,  .  n  ^uorl      Wimer  in  the 

^  A  number  of  cases,  which  it  is  unnecessary  to  detad  fully  ^^J^J^^^^^ 
Journal  ,e  la  pkysiolo.ie,  1861,  in  which  ^ott-^  ^-^^^^^^^^^^ 

muscular  coordination  were  noted,  m  ^T^^^'l^f^f,','^^  by  Laborde,  in 

lum  was  reported  by  Dr.  Fiedler,  m  1861.    The  ^J^f               ^  ^^^^      „s.  After 

about  fifty  years,  had  -™-!^^^    ^^^7^^^^^^^  witVas  much  cer- 

the  age  of  twenty  years,  it  is  stated  that                 °°  the  house,  but 
tainty  as  before;  the  gait  7y*7^o^Ee  wfs v;ry Vreq^^ 

^^^.^::::S;"S:;Srwalked  backward  but  ordy  ^f^  step^^e  neverhad^^J 
turning  movements;  the  gait  was 

forward,  but  always  on  the  back.   On  P°^t-°»°'*^7,'^'™"'p°,,'erior  and  inferior  portion, 

by  Yulpian.  f  20  5n  the  hospital  of  Sal- 

Case  X.-The  first  was  a  woman,  f^^-^y-^^^lXd  Lt  Amotion  was  most  irregulai- 
pitriere.    »  AH  of  the  movements  were  P^^^        ^"^^^^^^^  on  a  chair  which 

and  difficult ;  she  could  only  walk  in  the  ^^^^^^XtTat  equilibration,  she  often 
she  placed  before  her  at  every  step  and,  ^^  f'^^l^^^  f^^'^  On  post-mortem  exami- 
fell."    This  patient,  however,  retained  ^^^^^^^^^^^^  ^^nd  entVely  atrophied  :  all 

nation,  "  the  cortical  gray  substance  of  t^^;      ^^^^^^^^^  ^  considerable  reduction  in  the 
the  nerve-cells  of  this  layer  had  disappeared     JJ^^^^       ^     ^^^^rved,  "showing  that 
size  of  the  cerebellmn.    The  corpora  dentata  J.^'^^^^Xl^^ 
these  parts,  at  all  events,  have  but  a  slight  f^^l'^^^^^^^      the  size  of  a  hazel-nut, 
Case  XI.-The  second  case  presented  an  o^'J;^^^^^^^^^^  of  one  of  the  henu- 

destroying  a  corresponding  amount  of  the  ceiebellar  sub.ta 
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spheres.  The  corpus  dentatum  was  completely  destroyed.  This  woman  "  walked  well, 
but  it  appears  nevertheless  that  she  vacillated  very  slightly  in  her  gait,  without,  how- 
ever, a  tendency  to  fall." 

We  have  thus  cited  quite  a  number  of  cases  of  disease  confined  to  the  cerebellum,  in 
which  there  was  marked  disturbance  in  the  muscular  movements ;  but  there  are  others, 
in  which  the  movements  were  unafiiected.  As  an  example  of  the  latter,  wo  may  refer  to 
a  case  quite  fully  reported  by  Bouvier : 

Case  XII. — "  A  man,  fifteen  years  of  age,  had  been  subject,  for  a  length  of  time,  to 
a  discharge  from  the  ear,  with  deafness  and  frequent  headache.  He  was  suddenly  seized 
with  more  severe  headache  on  the  left  side  of  the  head,  vomiting,  and  disorder  of  mind. 
His  symptoms  were,  indeed,  so  characteristic,  that  a  physician  who  was  consulted  pro- 
nounced him  to  be  laboring  under  abscess  in  the  head,  and  that  death  was  almost  certain. 

"  He  entered  the  Hotel  Dieu  on  the  15th  of  September,  three  weeks  after  the  last 
exacerbation,  when  he  complained  of  fixed  pain  in  the  head,  which  frequently  caused 
him  to  cry  out;  sensibility,  in  other  respects,  obtuse;  slow  answers;  somnolency;  face 
pale ;  features  sunken ;  look,  sad  and  anxious ;  a  copious,  purulent  discharge  from  the 
left  ear;  deafness  of  the  same  side ;  pulse  slightly  slower ;  vomiting;  constipation;  the 
movements  of  the  limbs  were  preserved,  an  incomplete  paralysis  of  the  upper  eyelid 
being  alone  observed. 

"  These  symptoms  continued  for  the  following  days  without  any  marked  aggravation  ; 
and  it  seemed  probable  that  the  patient's  life  might  still  be  prolonged  for  some  time, 
when,  on  the  23d  of  September,  after  vomiting,  accompanied  by  great  agitation  and  vio- 
lent outcry,  he  suddenly  fell  into  a  state  of  complete  collapse.  Eespiration  became 
embarrassed,  and  he  died  eight  days  after  his  entrance  into  the  hospital,  with  symptoms 
of  asphyxia. 

"  On  examining  the  body,  there  was  found,  as  had  been  foretold  during  life,  a  caries 
of  the  petrous  portion  of  the  temporal  bone,  and  an  abscess  in  the  interior  of  the  cra- 
nium. But  what  was  remarkable,  the  abscess  occupied  the  left  hemisphere  of  the  cere- 
bellum, although  nothing  led  to  the  suspicion  that  there  was  any  lesion  of  that  organ. 
There  was  an  extensive  cavity,  which  invaded  the  two  outer  thu-ds  of  the  left  lobe  of 
the  cerebellum,  and  which  contained  several  table-spoonfuls  of  pus,  somewhat  similar  to 
that  of  an  abscess.  The  substance  forming  its  parietes  were  softened  and  of  a  livid  tint. 
The  meatus  auditorius  was  filled  with  reddish  vegetations. 

"  The  caries  occupied  the  base  of  the  pars  petrosa  only — the  labyrinth  and  auditory 
nerve  were  untouched.  There  was  no  perceptible  communication  between  the  internal 
abscess  and  the  abscess  of  the  caries.  The  disease  of  the  bone,  however,  extended  to 
the  dura  mater,  in  two  very  circumscribed  points,  at  the  upper  and  hind  part  of  the  pars 
petrosa.  The  dura  mater,  opposite  these  points,  was  deeply  colored  ;  and  its  coloration 
extended  to  its  inner  surface,  where  it  was  in  contact  with  the  cerebellum. 

"The  cerebral  ventricles  were,  moreover,  distended  by  a  limpid  fluid;  and  the  pi  a 
mater  exhibited  a  decided  injection  under  the  anterior  part  of  the  cerebral  lobes,  chiefly 
on  the  left  side. 

"  '  Two  circumstances,'  says  M.  Bouvier,  '  give  interest  to  this  case.  The  first  is  the 
almost  entire  separation,  by  means  of  the  dura  mater — which  was  scarcely  aff'ected — 
between  two  lesions,  one  of  which  must  have  been  the  etfect  of  the  other ;  so  that  it  is 
difiicult  to  explain,  merely  by  continuity  of  tissue,  the  transmission  of  the  afi'ection  from 
the  ear  to  the  cerebellum. 

"  '  The  second  is  the  absence  of  all  the  symptoms  which  have  been  of  late  regarded  as 
an  ofToct  of  lesions  of  the  cerebellum — such  as  augmentation  of  the  general  sensibility, 
loss  of  equilibrium,  and  excitation  of  the  genital  organs.  Could  this  peculiarity  bo  owing 
to  the  slowness  of  the  afi'ection,  or  to  its  not  having  extended  sufficiently  far  from  the 
side  of  the  medulla  oblongata? '  " 

The  interpretation  of  certain  of  the  cases  which  we  have  cited  depends  apparently 
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upon  the  ideas  concerning  the  functions  of  the  cerebellum  with  which  they  are  regarded. 
Wo  should  certainly  consider  those  cases  in  which  disordered  movements  have  hoeu 
noted  as  very  strong  evidence,  taken  in  connection  with  the  results  of  experiuients  upon 
liviu"  animals,  that  the  cerebellum  regulates  equilibration  and  muscular  coOrdinalioi,. 
Some  physiologists  regard  them  as  in  accordance  with  the  view  that  injury  of  the  cere- 
bellum does  not  affect  coordination,  but  simply  produces  vertigo.  It  remains  for  the 
reader  to  judge  whether  or  not  the  phenomena  observed  in  these  cases  indicate  want  of 
coordinatmg  power.  In  the  case  reported  by  Bouvier,  the  lesion  of  the  cerebellum  was 
not  sufficient  to  necessarily  disturb  coordination. 

■We  now  come  to  the  main  question,  whether  or  not,  in  view  of  the  results  of  experi- 
ments upon  animals  and  the  phenomena  observed  in  cases  of  disease  or  injury  of  the  cere- 
bellum this  nerve-centre  presides  over  coordination  of  action  of  the  muscles,  which  is 
certainly  necessary  to  equilibration,  except  the  muscles  of  the  face  and  those  concerned 
in  speech.    This  question,  it  seems  to  us,  can  be  definitely  answered. 

Every  carefully-observed  case  that  we  have  been  able  to  find,  in  which  there  was 
uncomplicated  disease  or  injury  of  the  cerebellum,  provided  the  disease  or  injury  mvolved 
more  than  half  of  the  organ,  presented  great  disorder  in  the  general  movements,  par- 
ticularly those  of  progression.    We  have  collected  the  more  or  less  complete  reports  of 
twelve  cases.    In  Case  II.,  there  was  softening  of  one-half  of  one  hemisphere,  with 
remarkable  convulsive  movements.    In  Case  V.,  the  one  so  often  quoted  from  Combette, 
the  gait  was  uncertain,  with  frequent  falling;  there  was  incomplete  paralysis;  bu^  m 
addition  to  the  absence  of  the  cerebellum,  there  was  no  pons  Varoln.    In  Case  VI. 
there  was  no  disturbance  of  movement,  and  there  was  partial  degeneration  of  one  lateral 
lobe  of  the  cerebellum.    In  Case  VIL,  there  was  no  disturbance  of  movement  and  dis- 
organization of  one  lateral  lobe  of  the  cerebellum.    In  Case  XL,  there  was  f^^f  ^o.s  f 
substance  in  one  lateral  lobe  of  the  cerebellum,  and  ^^^f  * ''^^^^^^^^^   /^'^^  a^t^^^ 
ments.  In  Case  XII.,  there  was  an  abscess  involving  two-thirds  of  one  ^'^/^^''^^^^^^^^^^^ 
movements  of  the  limbs  were  preserved.    In  Oases  L,  III.  IV.,  YIII.,_  IX  X.,    x  out  of 
twelve,  there  was  difficulty  in  muscular  coordination,  wh.ch 

to  the  amount  of  cerebellar  substance  involved  in  the  disease  or  injury.  We  do  not  i^ake 
the  reservation,  that  more  than  half  of  the  cerebellum  must  be  destroyed  m  order  neces- 
sarily to  produce  difficulty  in  muscular  coordination,  upon  purely  theoreticd  grojmds  but 
we  regard  this  point  as  positively  demonstrated  by  experiments  upon  animals.  These  ex- 
periments show  that  one-half  of  the  organ  is  capable  of  performmg  f 
Ihor  We  have  an  analogy  to  this  in  the  action  of  the  kidneys,  one  of  which  is  sufficient 
t  t  ellTinri  of  the  elete  constituents  of  the  urine,  after  the  other  has  W  remov^^^^ 

Notwithstanding  the  contrary  views  of  many  f  .^^^^^^ 
convinced,  from  experiments  and  a  careful  study  of  pathological      ^s  ^h^*  ^^^^^^^ 
one  noint  in  the  physiology  of  the  nerve-centres  more  definitely  settled  than  that  tue 
"eSm  P  ed^^^^^^^^^    fquilibration  and  the  coordination  of  the  muscular  movemen  . 
ceieucuuiii  iJieoiu  Tn  th^q  stntement  we  make  exceptions  in  favor  ot  the 

particularly  those  of  Progression    In  t^^^^*^^^^^^^^^  ,  J,,,,ed  in  speech,  as 

due  simply  to  vertigo  is  not  tenable  ,  and  m  only  one  o 

tioued.    There  is  a  disease,  involving  the  semicircular  o  h^J  eS  ibration  and 

nal  ear,  called  Meniere's  disease,  in  which  Z^^^,"^'^^^^ 

muscular  coordination,  attended  with,  and  Y'^^^l'^Z^^^^^^  it  is  less 

tigo  is  always  very  distinct  and  is  mentioned  in  ^  f  f  ^^''^^^^  of  these  cases, 

in  the  recumbent  posture,  it  is  never  entirely  absent    ^  caie  ul  y 

comparing  them  with  the  cases  of  deficient  coordmation  from  .disease 
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cannot  fail  to  show  a  great  diflforcnco  between  the  plienoinena  following  cerebellar  dis- 
ease and  the  muscular  phenomena  due  to  well-marked  and  persistent  vertigo. 

Connection  of  the  Cerebellum  with  the  Generative  Function. — The  fact  that  the  cere- 
bellum is  the  centre  for  equilibration  and  the  coordination  of  certain  muscular  move- 
ments does  not  necessarily  imply  that  it  has  no  other  functions.  The  idea  of  Gall,  that 
"the  cerebellum  is  the  organ  of  the  instinct  of  generation,"  is  sufficiently  familiar;  and 
there  are  numerous  facts  in  pathology  which  show  a  certain  relation  between  this  nerve- 
centre  and  the  organs  of  generation,  although  the  idea  that  it  presides  over  the  genera- 
tive function  is  not  sustained  by  the  results  of  experiments  upon  animals  or  by  facts  in 
comparative  anatomy. 

In  experiments  upon  animals  in  which  the  cerebellum  has  been  removed,  there  is  noth- 
ing pointing  directly  to  this  part  as  the  organ  of  the  generative  instinct.  Flourens  re- 
moved a  great  pai-t  of  the  cerebellum  in  a  cock.  The  animal  survived  for  eight  months. 
It  was  put  several  times  with  hens  and  always  attempted  to  mount  them,  but  without 
success,  from  want  of  equilibrium.  In  this  animal,  the  testicles  were  enormous.  This 
observation  has  been  repeatedly  confirmed,  and  there  are  no  instances  in  which  the  cere- 
bellum has  been  removed  with  apparent  destruction  of  sexual  instinct.  In  a  comparison 
of  the  relative  weights  of  the  cerebellum  in  stallions,  mares,  and  geldings,  Leuret  found 
that,  far  from  being  atrophied,  the  cerebellum  in  geldings  was  even  larger  than  in  either 
stallions  or  mares. 

In  the  numerous  cases  of  disease  or  injury  of  the  cerebellum,  to  which  we  have 
referred,  there  are  some,  ia  which  irritation  of  this  part  has  been  followed  by  per- 
sistent erection  and  manifest  exaggeration  of  the  sexual  appetite,  and  others,  in  which 
its  extensive  degeneration  or  destruction  has  apparently  produced  atrophy  of  the  genera- 
tive organs  and  total  loss  of  sexual  desire.  There  are  also  certain  cases  of  this  kind 
which  we  have  not  yet  cited.  Serres  gives  the  history  of  several  cases,  in  which  irrita- 
tion of  the  cerebellum  was  followed  by  satyriasis  or  nymphomania,  but,  in  other  cases, 
there  were  no  symptoms  referable  to  the  generative  organs.  In  the  case  reported  by 
Combette,  the  patient  had  the  habit  of  masturbation.  Dr.  Fisher,  of  Boston,  reported 
(1838)  two  cases  of  diseased  or  atrophied  cerebellum,  with  absence  of  sexual  desire, 
and  one  case  of  irritation,  with  satyriasis.  Similar  instances  are  given  by  other  writers, 
which  it  is  unnecessary  to  detail.  We  have  already  cited  the  observations  of  Budge,  in 
which  mechanical  irritation  of  the  cerebellum  was  followed  by  movements  of  the  uterus, 
testicles,  etc. 

Although  there  are  many  facts  in  pathology  which  are  opposed  to  the  view  that  the 
cerebellum  presides  over  the  generative  function,  there  are  numerous  cases  which  go  to 
show  a  certain  connection  between  this  portion  of  the  central  nervous  system  and  the 
organs  of  generation  in  the  human  subject.  But  this  is  aU  that  we  can  say  upon  this 
important  point ;  certain  it  is  that  the  facts  are  not  sufficiently  numerous,  definite,  and 
invariable,  to  sustain  the  doctrine  that  the  cerebellum  is  the  seat  of  the  sexual  instinct. 

Development  of  the  Cerelellum  in  the  Lower  Animals.— Th&  study  of  the  comparative 
anatomy  of  the  cerebellum  has  little  physiological  interest,  except  in  so  far  as  it  bears 
upon  our  knowledge  of  its  functions.  From  this  point  of  view,  there  is  little  to  be  said 
concerning  its  development  in  the  animal  scale.  "We  can  hardly  establish  a  definite  rela- 
tion between  this  particular  part  of  the  encephalon  and  the  complicated  character  of  the 
muscular  movements ;  for,  as  we  pass  from  the  lower  to  the  higher  orders  of  animals,  we 
have  other  parts  of  the  brain,  as  well  as  the  cerebellum,  developed  in  proportion  to  the 
mcreased  complexity  of  the  muscular  system.  Nor  can  we  connect  the  comparative 
anatomy  of  the  cerebellum  with  the  ideas  of  the  functions  of  this  organ  in  connection 
with  generation.  The  amphioxus  lanciolatus  has  no  cerebellum,  and  this  organ,  there- 
fore, is  not  indispensable  to  generation.  In  some  animals  remarkable  for  salacity,  the 
cerebellum  is  not  unusually  large ;  and  facts  of  this  kind  might  be  multiplied  ad  infinitum. 
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We  have  thus  discussed  only  those  views  with  regard  to  the  functions  of  the  cerehel- 
lum  which  are  supported  hy  experimental  or  pathological  facts  and  have  not  touched 
upon  the  vague  and  unsupported  ideas  advanced  hy  various  writers  before  the  publica- 
tion of  the  remarkable  observations  of  Flourens.  There  is  no  prool  that  he  cerebellum 
is  the  organ  presiding  over  memory,  the  involuntary  movements,  general  sensibdi ty  or 
the  general  voluntary  movements.  The  only  view  that  has  any  positive  experimental  or 
TthoWical  basis  is  that  it  presides  over  equilibration  and  the  coordination  of  certain 
Ittaf  IvemeSs,  and  is,  perhaps,  in  some  way  connected  with  the  generative 

function. 

Ganglia  at  the  Base  of  the  Encephalon. 
At  the  base  of  the  encephalon,  are  found  several  collections  of  gray  matter,  or  gan- 
glia some  of  which  have  functions  distinct  from  those  already  described  in  connection  with 
fie  ceiXum  and  cerebellum;  but  most  of  them  are  so  difficult  of  access  in  living  am- 
mals   hat  we  possess  very  little  definite  information,  even  with  regard  to  their  genera 
roirties    We  have,  however,  a  tolerably  complete  knowledge  of  the  functions  of  the 
LduTla  oblongata  ani  the  tubercula  quadrigemina,  and  have  some  idea  o  the  physiology 
S  th  Lber  annulare;  but  the  functions  of  the  corpora  striata,  optic  thalami  ventricles 
leal  f^land  pedunc  es,  etc.,  are  little  understood,  and  the  speculations  of  the  olde 
wTers  with  the  indefi;ite  experiments  of  modern  physiologists,  upon  these  parts,  will 
be  passed  over  very  briefly. 

Corpora  Striata. 

Th..e  bodies  are  somewhat  pear-shaped,  and  are  situated  at  the  base  of  the  brain, 
parS  witLurthe  cerebral  hemispheres'and  partly  embedded  in  their  white  substance. 
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Fig.  2i9.-Corpora  xtnata.  (SnPW-)  ventricle;  8,  hlpnocampM 

11  tmninspnildrculnris;  V2,  corpva  st7iatum. 


fornix ;  7,  liippocampus  uinjui ,  °i  "v 
11,  tit-nia  semicirculnris;  12,  corpus  striatum. 
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Their  rouuded  base  is  directed  forward,  and  the  narrower  end,  backward  and  outward. 
Their  external  surface  is  gray,  and  they  present,  on  scctiou,  alternate  striaj  of  white  and 
gray  matter,  which  appearance  has  given  them  the  name  of  corpora  striata.  Between 
the  narrow  extremities  of  these  bodies,  are  situated  the  optic  thalami. 

There  is  very  little  to  be  said  with  regard  to  the  functions  of  the  corpora  striata. 
Burdon-Sanderson  has  lately  shown  that,  when  the  corpus  striatum  on  one  side,  exposed 
by  carefully  removing  a  small  portion  of  the  anterior  lobe  of  the  cerebrum,  is  stimulated 
with  a  weak  induced  current  of  galvanism,  movements  of  the  muscles  occur  upon  the  oppo- 
site side  of  the  body.  If  the  deepest  parts  be  stimulated,  "  the  animal  opens  its  mouth, 
puts  out  its  tongue,  and  draws  it  in  again  alternately."  When  the  corpora  striata  are 
removed,  disturbing  the  hemispheres  as  little  as  possible,  there  appears  to  bo  no  paralysis, 
either  of  motion  or  sensation. 

We  have  obtained  a  little  more  information  regarding  the  functions  of  the  corpora 
striata,  from  cases  of  cerebral  hc-emorrhage  in  the  human  subject,  than  from  experimental 
investigations.  In  apoplexy,  when  the  corpus  striatum  on  one  side  is  alone  involved, 
there  is  paralysis  of  motion  of  the  opposite  lateral  half  of  the  body,  the  general  sensibility 
usually  being  unaffected.  Facts  of  this  kind  show  that  the  action  of  the  corpora  striata 
■  is  crossed ;  and  they  farther  illustrate  their  connection  with  the  motor  tract  from  the 
hemispheres. 

There  is  no  reason  to  suppose  that  the  corpora  striata  are  the  centres  of  olfaction,  as 
was  at  one  time  thought,  for  they  are  sometimes  absent  in  animals  possessing  very  large 
.  olfactory  nerves,  and  they  are  very  largely  developed  in  the  cetacea,  in  which  the  olfac- 
I  tory  apparatus  is  rudimentary. 

Ojjtic  Thalami. 

From  their  name,  we  should  infer  that  the  optic  thalami  have  some  important  func- 
ttion  in  connection  with  vision ;  but  they  serve  merely  as  beds  for  the  optic  commissures 
;  and  give  to  the  nerves  but  very  few  fibres.  They  are  oblong  bodies,  situated  between 
i  the  posterior  extremities  of  the  corpora  striata,  and  resting  upon  the  crura  cerebri  on  the 
ttwo  sides.  They  are  white  externally,  and,  in  their  interior,  present  a  mixture  of  white 
and  gray  matter.  Longet  has  destroyed  them  upon  the  two  sides,  carefully  avoiding 
injury  of  the  optic  tracts,  and  he  noted  no  interference  with  vision  or  with  the  move- 
:  ments  of  the  iris. 

The  optic  thalami  seem,  from  experiments  upon  animals,  to  have  a  peculiar  crossed 
a  action  upon  the  muscular  system.    While  their  mechanical  irritation  produces  neither 
;  pam  nor  convulsive  movements,  showing  that  they  are  probably  insensible  and  inexcita- 
We,  the  extirpation  of  one  optic  thalamus  is  foUowed  by  enfeeblement  of  the  muscles  of 
I  the  opposite  lateral  half  of  the  body,  without  actual  paralysis.    When  both  have  been 
r  removed,  there  is  general  debility  of  the  muscular  system.    It  is  unnecessary  to  refer  to 
other  experiments  upon  these  parts,  which  have  been  very  indefinite  in  their  results,  or  to 
aUude  to  the   'circular"  movements  produced  by  lesion  upon  one  .side,  involving  also 
the  crus  cerebri ;  for,  beyond  the  statement  just  made,  the  ihnction  of  the  optic  thalami 
:>is  unknown. 

We  derive  but  little  information  concerning  the  optic  thalami  from  cases  of  cerebral 

I  m.r"  '"^j"'* '  to  li'i^e  disease  involving  these 

t  parts  and  not  affecting  other  centres.  In  some  cases  of  lesion  limited  to  the  optic  thala- 
mus on  one  side,  there  is  paralysis  of  sensation  of  the  opposite  lateral  half  of  the  body 
Hthout  actual  paralysis  of  motion,  although  tlie  movements  are  generally  feeble.  When 

whicSri'^;^'''"'' '""'^  °P««  thalamus  on  one  side, 

vh  ch  IS  more  common  there  is  paralysis  of  motion,  with  loss  or  disorder  of  sensibility 

I    al  tn:erof     r  °'  *  "  ''''^T  ^-^^^^  -  -^^-^  -^-t,  the  anat  mi: 

a  ma    de  '^^^^^^^^^  T       """"^  -"P-i-nts  upon 

mais,  destr^iKtion  ot  these  parts  does  not  necessarily  affect  the  general  sensibility. 
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Tubercula  Quadrigemina. 
These  little  bodies,  sometimes  culled  tho  optic  lobes  are  rounded  erninences,  two 
upon  either  side,  situated  just  below  the  third  ventricle,  ihe  anter.or,  ca  led  the  nates, 
a  e  the  larger.  These  are  oblong  and  of  a  grayish  eobr  externally  Ihe  posterior, 
eld  the  testes,  are  situated  just  behind  the  anterior.  They  are  rounded  and  are  atlu. 
iTlter  in  color  than  the  anterior.  Both  contain  gray  nervous  matter  m  he.r  mteno,-. 
They  are  the  main  points  of  origin  of  the  optic  nerves  and  are  connected  by  comnnssu- 
ral  tibres  with  the  optic  thalami.  In  birds,  the  tubercles  are  two  m  number,  mstead  o, 
four  and  are  called  tubercular  bigemina. 

It  is  probable  that  the  tubercula  quadrigemina  are  inexcitable  and  msensible  When 
nain  -  nd  eonvulsive  movements  have  apparently  followed  their  mechanical  n-ntatu,n  m 
K  "animals,  these  phenomena  have  probably  been  due  to  excitatmn  or  stimulafon  of 
the  motory  or  sensory  commissural  fibres  which  pass  beneath  them. 

r  egards  the  function  of  the  optic  lobes,  aside  from  their  action  as  reflex  nervou 
cen  res  or  the  movements  of  the  iris,  there  is  little  to  be  said,  except  that  they  pre  kIo 
over  the  sense  of  sight.  They  are  easily  reached  and  operated  upon  m  birds  where  they 
are  ve^y  arge  and  their  extirpation  is  followed  by  total  loss  of  sight,  as  weU  a.  abolition 
S  tie  refl  X  movements  of  the  iris.  In  birds  and  in  those  mamrnals  in  which  they  have 
heen  operated  upon,  their  action  in  vision  is  crossed  ;  i.  c,  when  the  lobe  is  removed  upon 

„c,pt  th.t  the  refle.  .o«on  b,  ,h,cb  ^'e  -  »P'^»  ^^^.^  ^, 

tion  upon  the  special  sense  of  sight. 

Ganglion  of  the  Tuber  Anmdare.  _ 

The  tuber  annulare,  called  the  pons  Varolii  ^^^^^^^  contains 
base  of  the  brain,  just  above  the  medulla  oblongata.    It  is 
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in  its  interior  a  large  admixture  of  gray  matter.  It  presents  botli  transverse  and  longi- 
tudinal white  fibres.  Its  transverse  fibres  connect  the  two  halves  of  the  cerebellum.  Its 
longitudinal  fibres  ai-e  connected  below,  with  the  anterior  pyramidal  bodies  and  the  oli- 
vary bodies  of  the  medulla  oblongata,  the  lateral  columns  of  the  cord,  and  a  certain  por- 
tion of  the  posterior  columns.  Above,  the  fibres  are  connected  with  the  crura  cerebri 
and  pass  to  the  brain.  The  superficial  transverse  fibres  are  wanting  in  animals  in  which 
the  cerebellum  has  no  lateral  lobes. 

The  general  properties  of  the  tuber  annulare  have  been  demonstrated  in  the  most  sat- 
:  isfactory  manner  by  Longet.  In  his  experiments,  direct  excitation  of  the  superficial 
I  transverse  fibres  did  not  produce  well-marked  convulsive  movements,  and  there  were  no 
(  convulsions  when  the  posterior  fibres  were  stimulated.  "When  galvanization  was  applied 
t  to  the  deeper  anterior  fibres,  convulsive  movements  were  distinct  at  each  excitation. 
;  Stimulation  of  the  posterior  portion  always  produced  pain.  This  was  not  constantly 
.  observed  to  follovr  irritation  of  the  anterior  portion,  and,  when  pain  occurred,  it  was 
t  thought  to  be  due  to  irritation  of  the  root  of  the  fifth  nerve. 

The  above  experiments,  it  is  true,  are  not  so  free  from  uncertainty  as  those  made  upon 
r  the  more  accessible  parts  of  the  encephalon,  but,  as  far  as  they  go,  they  tend  to  show  that 
r  the  tuber  annulare  is  both  insensible  and  inexcitable  in  its  superficial  anterior  portion 
V  which  is  composed  chiefly  of  commissural  fibres  from  the  cerebellum  ;  that  it  is  excita- 
Ible  and  probably  insensible  in  its  deeper  anterior  portion,  which  seems  to  be  composed 
(•chiefly  of  descending  motor  conductors ;  and,  finally,  that  it  is  sensible  and  probably 
iiinexcitable  in  its  posterior  portion. 

^  The  tuber  annulare  undoubtedly  acts  as  a  conductor  of  sensory  impressions  and  motor 
jstimulus  to  and  from  the  cerebrum,  as  we  should  naturally  expect  from  the  direction  of 
iiits  fibres,  and  as  has  been  repeatedly  shown  by  cases  of  disease,  particularly  as  regards 
amotion.  In  addition,  however,  judging  from  the  fact  that  it  contains  numerous  nodules 
^of  gray  matter  between  fasciculi  of  white  fibres,  and  that  this  gray  matter  contains  cel- 
iiklar  elements  similar  to  those  found  in  other  nerve-centres  and  from  which  nerve- 
nfibres  undoubtedly  originate,  it  would  be  inferred  that  these  nodules  have  a  distinct 
lifunction  and  give  to  the  tuber  annulare  the  properties  of  a  nerve-centre.  It  will  be 
iiinteresting,  therefore,  to  follow  out  the  experiments  upon  this  part,  by  which  its  action 
sas  a  centre  has  been  illustrated.  These  experiments  are  of  two  kinds :  First  the  re- 
iimoval  of  other  encephalic  ganglia,  leaving  only  the  tuber  annulare,  the  medulla  oblon- 
:sata,  and  the  cerebellum,  and  noting  the  properties  or  faculties  retained  by  animals 
nnder  these  conditions.  Experiments  of  this  kind  are  tolerably  definite,  as  we  already 
.know  the  general  functions  of  most  of  the  other  encephalic  ganglia.  Second,  to  note 
the  efl^ects  of  extirpation  of  the  tuber  annulare  alone. 

If  the  cerebral  hemispheres,  the  olfactory  ganglia,  the  optic  lobes,  the  corpora  striata, 
•and  the  optic  thalami,  be  removed,  the  animal  loses  the  special  senses  of  smell  and  sight 
.  ana  the  inteUectual  faculties,  there  is  a  certain  amount  of  enfeebleraent  of  the  muscular 
■rvstem,  but  voluntary  motion  and  general  sensibility  are  retained.    There  can  be  no 
loubt  upon  these  points.    As  far  as  voluntary  motion  is  concerned,  an  animal  oper- 
uea  upon  in  this  way  is  in  nearly  the  same  condition  as  one  simply  deprived  of  the 
^erebral  hemispheres.    There  are  no  voluntary  movements  which  show  any  degree  of 
|;ntelligence,  but  the  animal  can  stand,  and  various  consecutive  movements  are  executed 
^hich  are  entirely  difi^erent  from  the  simple  reflex  acts  depending  exclusively  upon  the 
pmal  cord.    The  coordination  of  movements  is  perfect,  unless  the  cerebellum  be  re- 
!  ^f"®'''^  sensibility,  an  animal  deprived  of  all  the  encephalic  ganglia 

except  the  tuber  annulare  and  the  medulla  oblongata  undoubtedly  feels  pain  This  has 
'nZ  .2rT^?  I"  ^or^S^^,  and  has  been  shown  even 

ornl!       .  '^'-^  of  the  cerebrum 

troZl  1"  ^  T   ''P''*'  P^"''^'"^  "^^'^^  ^^"^     fo^t  ^«  immediately  followed  by 

prolonged  and  plaintive  cries.    Both  of  the  experimenters  referred  to  insist  upon  thi 
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character  of  those  cries  as  indicating  the  actual  perception  of  painful  in.presHions  and  as 
vc^Srent  from  cries  that  are  purely  redox,  according  to  the  ordmury  acceptation  ol 
:h;:tl.    Longet  alludes  to       —  .ov^e^^^^^ 

:^S;:Jrcr:  :^^''S:tirr:?:S  there  Ln  .inodouht.  ne  .gards  the 
aniBsthetic,  ^"^^0  n   b  ^      ,        evidence  of  the  acute  perception  ol  pam;  hut 

rrrerkno;ttat';rh  l:^^^  have  no  recollection  of  any  painful  in.pressiou, 
althouah  they  have  apparently  experienced  great  sutfering.  As  far  as  we  can  judge 
although  tliey  na  11  y  f^j^.tions  of  the  encephalic  centres,  the  pam  under 
ZeS  — ^^^^  by  some  nerve-centre,  prohahly  the  tuber  annulare,  hut 

rSnoressTon  is  not  conveyed  to  the  cerebrum  and  is  not  recorded  by  the  n.emory. 

Sg  a  l  tho  experimental  facts  into  consideration,  the  following  seems  to  he  e 
rnost  reasonable  view  with  regard  to  the  function  of  the  tuber  annulare  as  a  nerve-centr  : 

It  is  an  organ  capable  of  originating  a  stimulus  giving  rise  to  voluntary  movements 

pain,  even  when  the  cerebrum  has  been  removed. 

Medulla  Oblongata. 

The  chief  points  of  interest  in  ^  ^^^^ ^^:^::^^^^t 

relate  to  the  direction  of  its  fibres,  then-  ^^^gf^f        eranial  nerves, 

its  substance,  and  the  course  f  ^  ^^^^  ^^7;;^^^^^^^^^^  ocuU  e.ternus,  facial, 

Concerning  the  deep  ongin  of  '^l^^l^'l'^^^^^^^  tave  nothing  to  say  in  this 

pneumogastric,  spinal  ^'^''^''^^^^^^^^^  anatomy  of  these  nerves  with 
connection,  as  we  have  already  ^^'^^^^^ j"^^      Actions  of  the  medulla  oblongata, 
sufficient  minuteness  ;  and  we  have  now  to  study  tne 
and  particularly  its  action  as  a  nerve-centre. 

„..i  Mau^  of  - ^^;s:Sh^e;— " 

oblong  enlargement  which  connects  *^;P"^;'^^°;*;^^,        i„eh  broad  at  its  widest  por- 

It  is  about  an  inch  and  a  quarter  m  If^f^'^^^^^^fSe  extending  from  the  atlas  to  the 
tion.    It-stsinthebasilargrooveof  he     coital  ^  ^.^^  ^^^^  ^^^^.^ 

lower  border  of  the  tuber  annulare,  with  it.  broaa 

has  an  anterior  and  a  posterior  the  cord,  are  the  two  anterior 

Apparently  continuous  with  the  an  erior  co»  p^^. 

pyramids,  one  on  either  side.  Viewed  superficial  y  ^«  ^"^^^  the 
Ss  are  seen  to  decussate  in  the  -^J^-J-Vsubsil  o  its  lateral  columns,  and  that 
cord,  it  is  found  that  they  come  from  the  ^^^^^^  ^"^"^^^  ^^res  of  the  external  portion 

none  of  them  are  derived  from  the  ™  ^  JclmL^^  the  cord.  At  the  site  of  the 
ofthe  anterior  pyramids  come  from  the  anteum   olum^^^^^      ^^^^^^     ^^^^^      ^^^^  g,^^, 

decussation,  the  pyramids  J^^f^/^i  ^^^^^^^^^^^^ 

spread  out  to  pass  to  the  enccphalon  above,  tney  p 

the  fasciculi.  .nrnm-n  olivaria.    These  are  oval  and  are 

External  to  the  anterior  Py^-^t;"^^^^^^^^  ^"^^^^^  ^  '''' 

surrounded  by  a  distmct  groove.    Ihey  are  wm 

called  the  corpus  dcntatum. 
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External  to  the  corpora  olivaria,  are  the  restiform  bodies,  formed  exclusively  of 
white  matter  and  constituting  the  postero-lateral  portion  of  the  medulla.  They  are 
continuous  with  the  posterior  columns  of  the  cord.  The  restiform  bodies  spread  out 
as  they  ascend,  and  ])ass  to  the  cerebellum,  forming  a  great  portion  of  the  inferior 
|)eduncles. 

Beneath  the  olivary  bodies  and  between  the  anterior  pyramids  and  the  restiform 
bodies,  are  the  lateral  tracts  of  the  medulla,  called  by  the  Erench,  the  intermediary  fas- 
ciculi.   These  are  composed  of  an  intimate  mixture  of  white  and  gray  matter  and  have 
a  yellowish-gray  color.    They  receive  all  that  portion 
(if  the  antero-lateral  columns  of  the  cord  which  does 
not  enter  into  the  composition  of  the  anterior  pyra- 
mids.   They  are  frequently  considered  as  parts  of  the 
restiform  bodies,  but  they  are  peculiarly  interesting, 
fi-om  the  fact  that  they  contain  the  gray  centre  pre- 
siding over  respiration  ;  and,  for  that  reason,  we  have 
described  them  as  distinct  fasciculi. 

The  posterior  pyramids  (fasciculi  gracUes)  are  the 
smallest  of  all.  They  pass  upward  to  the  cerebrum, 
without  decussating,  and  are  composed  exclusively 
of  white  matter.  As  they  ])ass  upward,  they  diverge, 
leaving  a  space  at  the  fourth  ventricle. 

The  fourth  ventricle  is  in  the  medulla,  and  is 
bounded  above,  by  the  valve  of  Vieussens  and  the 
under  surface  of  the  cerebellum.  In  the  lower  part 
of  the  floor  of  the  fourth  ventricle,  are  several  trans- 
verse fasciculi  of  white  matter ;  but  the  greatest  part 
of  this  portion  is  composed  of  a  layer  of  gray  sub- 
stance. 

The  two  lateral  halves  of  the  posterior  portion  of 
the  medulla  are  connected  together  by  fibres  arising 
from  the  gray  matter  of  the  lateral  tracts,  or  inter- 
mediary fasciculi,  passing  obliquely,  in  a  curved 
direction  from  behind  forward,  to  the  raphe  in  the 
median  line.  There  are  also  fibres  passing  from  be- 
fore backward,  to  form  a  posterior  commissure,  and 
fibres  arising  from  the  cells  of  the  olivary  bodies, 
which  connect  the  gray  substance  of  the  lateral 
halves.  Commissural  fibres  also  connect  the  gray 
matter  of  the  lateral  tracts  with  the  corpora  dentata 
of  tlio  olivary  bodies,  arid  the  olivary  bodies  with  the 
cerebellum,  their  fibres  forming  part  of  the  inferior 
peduncles  of  the  cerebellum.  In  addition,  it  is  prob- 
able that  fibres,  taking  their  origin  from  all  of  the 
gray  nodules  of  the  medulla,  pass  to  the  parts  of  the 
encephalon  situated  above. 

As  far  as  the  fibres  of  origin  of  the  nerves  are 
concerned,  it  may  be  stated  in  general  terms  that  a 
number  of  the  motor  roots  arise  from  the  gray  matter 
of  the  floor  of  the  fourth  ventricle,  the  roots  of  the 
matter  in  the  posterior  portions. 

Aside  from  purely  anatomical  demonstrations,  the  connection  of  the  anterior  pyra- 
mids of  the  medulla  with  the  corpora  striata  has  been  shown  by  pathological  observa- 
It  is  well  known  that,  when  the  connection  between  the  nerve-centres  and  the 


Fig.  229. — Anierior  mew  of  the  medulla 
oblongata.  (Sappey.) 

],  mfundibulum ;  2,  tuber  cinereum ;  8, 
corpora  albicoiitia ;  4,  cerebral  pedun- 
cle ;  5,  tuber  annulare ;  6,  origin  of  the 
middle  peduncle  of  the  cerebellum ;  7, 
anttrior pyramids  of  the  mulaUa  ob- 
longata ;  8,  decusaation  of  the  aiitevior 
pynimids ;  9,  oUrary/jodies;  lO^resti- 
^ovm  bodies;  11,  araiform  fihrea ;  12, 
upper  extremity  of  the  spinal  cord;  18, 
ligamentum  deiiticulatum ;  14, 14,  dura 
mater  of  tlie  cord ;  15,  optic  tracts ;  16, 
chiasm  of  the  ojitic  nerves;  17,  motor 
oculi  communis;  18,  p.atheticns ;  19, 
fifth  nerve;  20, motor  ocuU  e.xtcrnus; 
21,  facial  nerve;  22,  auditory  nerve ;  2ij, 
nerve  of  Wrisberg ;  21,  plosso-pharyn- 
peal  nei-vo ;  25,  pneuuiogastric ;  26,  26, 
rspin.al  accessory;  27,  sublinminl  norvo; 
28,  29,  .SO,  cer^cal  nerves. 


sensory  nerves  arising  from  gray 


tions. 
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fibres  is  destroyed,  tliose  fibres  after  a  time  become  degenerated.  In  old  lesions  of  the 
corpora  striata,  it  lias  been  sliown  that,  when  the  white  substance  is  injured  upon  one 
side,  there  follow  degeneration  and  atrophy  of  tlie  fibres  of  the  corresponding  cerebral 
peduncle  and  anterior  pyramid  of  the  medulla,  and  of  the  lateral  portion  of  the  spinal 
cord  upon  the  opposite  side.  This  important  fact  illustrates  the  connection  between  the 
lateral  columns  of  the  cord  and  the  anterior  pyramids  of  the  medulla  oblongata,  the 
decussation  of  the  anterior  pyramids,  and  the  passage  of  fibres  from  the  anterior  ])yra- 
mids  to  the  corpora  striata,  in  the  substance  of  the  cerebral  peduncles. 

Functi07is  of  the  Medulla  Oblongata. 

It  is  hardly  necessary  to  discuss  the  functions  of  the  medulla  oblongata  as  a  conductor 
of  sensory  impressions  and  of  motor  stimulus  to  and  from  the  brain.  We  know  that  there 
is  conduction  of  this  kind  from  the  spinal  cord  to  the  ganglia  of  the  encephalon,  and  this 
must  take  place  through  the  medulla;  a  fact  which  is  mevitable,  from  its  anatomical  rela- 
tions, and  which  is  demonstrated  by  its  section  in  living  animals.  Nor  is  it  necessary  to 
dwell  upon  its  general  properties,  in  which  it  resembles  the  spinal  cord,  at  least  as  far  as 
has  been  demonstrated  by  experiments  upon  living  animals  or  upon  animals  just  killed. 
It  is  diflicult  to  expose  this  part  in  the  higher  classes  of  animals,  but  experiments  show 
that  it  is  sensitive  on  its  posterior  surface  and  insensible  in  front.  The  diflBculty  of  ob- 
serving the  phenomena  which  follow  its  irritation  in  living  animals  has  rendered  it  im- 
possible to  determine  the  limits  of  its  excitability  and  sensibility  as  exactly  as  has  been  ^ 
done  for  the  different  portions  of  the  cord.  _ 

It  is  also  somewhat  difficult  to  determine  whether  the  action  of  the  medulla  itself,  m 
its  relations  to  motion  and  sensation,  be  crossed  or  direct.  As  regards  conduction  from 
the  brain,  the  direction  is  sufficiently  well  shown  by  cases  of  cerebral  disease,  m  which 
the  paralysis,  in  simple  lesions,  is  always  on  the  opposite  side  of  the  body. 

The  action  of  the  medulla  as  a  refiex  nerve-centre  depends  upon  its  gray  matter. 
When  this  gray  substance  is  destroyed,  certain  of  the  important  refiex  functions  are 
instantly  abolished.  From  its  connections  with  various  of  the  cranial  nerves  we  should 
expect  it  to  play  an  important  part  in  the  movements  of  the  face  m  ^^^s'^f  t^^^'  l^J^^ 
action  of  the  heart  and  of  various  glands,  etc.,  important  pomts  which  will  be  fully  con- 
sidered in  their  appropriate  place.  Its  most  striking  function,  however,  is  m  connection 
with  respiration. 

Connection  oftU  Medulla  OUongata  ^cith  ^^^P^^-^^^'^^^^^^^ 
nmnber  of  experiments  upon  rabbits,  cats,  etc.,  in  which  he  J^^^^^.  ^^^^^^^^^^^^ 
depends  exclusively  upon  the  medulla  oblongata  and  not  upon  the  bmn        he  to^^^^^ 
located  the  part  which  presides  over  this  function  at  the  site  of  origm  °f  ^^l—^^^^^ 
nerves     Flourens,  in  his  elaborate  experiments  upon  the  nerve-centre    extended  the 
Tsl'ations  of  Legallois,  and  limited  the  respiratoiy  centre  ^-'^^ll^^^'^:^^^^ 
upper  border  of  the  roots  of  the  pneumogastrics  and  a  plane  situated  ^^^^t  ^^^^^^^^^^^ 
an'inch  below  the  lowest  point  of  origin  of  these  nerves;  f  ^^^^f ^ ^^^^^^^ 
with  the  size  of  the  animal.    Following  these  experiments,  Longet  has  f  ^^j^  ^^""^^ 
Respiratory  nervous  centre  does  not  occupy  the  whole  of  the  medulla  -'^l-^^J  j'^*; 
h?  w    planes  indicated  by  Flourens,  but  that  it  is  confined  to  ^J^g^^^^ff  ^^^^^^ 
lateral  tracts,  or  the  intermediary  fasciculi.    This  was  ^'^^^f^f^^  t.  ^l^or^ 
respiration  persists  in  animals  after  division  of  the  ^^'^^'^Jll^'X^l^^^^^ 
bodies.    Subsequently,  Flourens  still  farther  restricted  the  limits  ot  the  i  e.pira  ) 
and  fully  confirmed  the  observations  of  Longet.  „rp<,ides  over  the  movements 

The  portion  of  the  medulla  oblongata  above  '"-^ff ^^^^^  f^/^^ave  repeated 
of  respiration  and  is  the  true  respiratory  nerve-cent.-e.  ^r,^  ;''Jdivided  below  the 
the  experiments  of  Flourens  have  found  that  the  ^P^^'^V  l^e  mnv  brremoved,  re- 
medulla  oblongata,  and  that  all  of  the  encephalic  gangha  abo^e  may      remo  , 
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spinitory  movements  still  persisting.    It  is  a  very  common  tiling  in  vivisections  to  kill  an 
jinimal  by  breaking  up  the  medulla.    In  a  clog,  for  example,  we  grasp  tlie  liead  firmly 
with  the  left  band,  flex  it  forcibly  upon  the  neck,  and  penetrate  with  a  stylet  a  little  behind 
the  occipital  protuberance,  entering  between  the  atlas  and  the  skull.  By 
a  rapid  lateral  motion  of  the  instrument,  the  medulla  is  broken  up,  and 
the  animal  instantly  ceases  to  breathe.    There  are  no  struggles,  no  mani- 
festations of  the  distress  of  asphyxia;  the  respiratory  muscles  simply 
cease  their  action,  and  the  animal  loses  instantly  the  sense  of  want  of 
air.    A  striking  contrast  to  this  is  presented  when  the  trachea  is  tied  or 
when  all  of  the  respiratory  muscles  are  paralyzed  without  touching  the 
medulla. 

In  another  chapter,  we  have  insisted  upon  the  mechanism  of  the  reflex 
jjhenomena  of  respiration.  We  have  conclusively  shown  by  experiments, 
that  an  impression  is  received  by  the  sensory  nerves  of  the  general  sys- 
tem, which  is  due  to  want  of  oxygen  and  not  to  the  irritation  produced 
by  carbonic  acid ;  and  that  this  impression  is  conveyed  to  the  medulla 
oblongata  and  gives  rise  to  the  reflex  movements  of  respiration.  If  this 
impression  be  abolished,  there  are  no  respiratory  movements ;  and  if  the 
medulla,  the  sole  centre  capable  of  receiving  this  impression  and  of  gen- 
erating the  stimulus  sent  to  the  respiratory  muscles,  be  destroyed,  respi- 
ration instantly  ceases,  without  any  sensation  of  asphyxia. 


\ 

Vital  Point  (so  called). — Since  it  has  been  definitely  ascertained  that  I 
destruction  of  a  restricted  portion  of  the  gray  substance  of  the  meduUa 
produces  instantaneous  and  permanent  arrest  of  the  respiratory  move- 
ments, Flourens  and  others  have  spoken  of  this  centre  as  the  vital  knot, 
destruction  of  which  is  immediately  followed  by  death.  "With  our 
present  knowledge  of  the  properties  and  functions  of  the  diiferent  tissues  ' 
and  organs  of  which  the  body  is  composed,  it  is  almost  unnecessary  to 
present  any  arguments  to  show  the  unphilosophical  character  of  such  a 
sweeping  proposition.  We  can  hardly  imagine  such  a  thing  as  instan- 
taneous death  of  the  entire  organism ;  still  less  can  it  be  assumed  that 
any  restricted  portion  of  the  nervous  system  is  the  one  essential,  vital 
point.  Probably,  a  very  powerful  electric  discharge  passed  through  the 
entire  cerebro-spinal  axis  produces  the  nearest  approach  to  instantaneous 
death  of  any  thing  of  which  we  have  any  knowledge ;  but,  even  here,  it 
•is  by  no  means  certain  that  some  parts  do  not  for  a  time  retain  their  so- 
called  \atal  properties.  In  apparent  death,  the  nerves  and  the  heart  may 
be  shown  to  retain  their  characteristic  properties;  the  muscles  will  con- 
tract under  stimulus,  and  will  appropriate  oxygen  and  give  off  carbonic  acid,  or  respii'e ; 
the  glands  may  be  made  to  secrete,  etc. ;  and  no  one  can  assume  that,  under  these  con- 
ditions, the  entire  organism  is  dead.  We  really  know  of  no  such  thing  as  death,  except 
as  the  various  tissues  and  organs  which  go  to  make  up  the  entire  body  become  so  altered 
as  to  lose  their  pliysiological  properties  beyond  the  possibility  of  restoration  ;  and  this 
never  occurs  for  all  parts  of  the  organism  in  an  instant.  A  person  drowned  may  be  to  all 
appearances  dead,  and  would  certainly  die  without  measures  for  restoration ;  yet,  in 
such  instances,  restoration  may  be  accomplished,  the  period  of  apparent  death  being 
■simply  a  blank,  as  far  as  the  recollection  of  the  individual  is  concerned.  It  is  as  utterly 
impossible  to  determine  the  exact  instant  when  the  vital  principle,  or  whatever  it  may 
he  called,  leaves  the  body  in  death,  as  to  indicate  the  time  when  the  organism  becomes 
a  living  being.  Death  is  nothing  more  than  a  permanent  destruction  of  so-called  vital 
physiological  i)roperties ;  and  this  occurs  successively,  and  at  different  periods,  for  differ- 
ent tissues  and  organs. 


Fig.  2S0.  — Sty M 
for  hrtdkiiig  up 
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When  we  see  that  frogs  -will  live  for  weeks,  and  sometimes  I'or  months,  after  destruc- 
tion of  the  niedulhi  oblongata,  and  tliat,  in  mammals,  by  keeping  up  artificial  respiration, 
wo  can  prolong  many  of  the  most  important  functions,  as  the  action  of  the  heart,  for 
hours  after  decapitation,  we  can  understand  the  physiological  absurdity  of  the  proposition 
that  there  is  any  such  thing  as  a  vital  point,  in  the  medulla  or  in  any  part  of  tiie  nervous 
system. 

Connection  of  the  Medulla  OUongata  with  Various  Reflex  Acts. — There  are  numerous 
reflex  phenomena  that  are  completely  under  the  control  of  the  medulla  oblongata  as  a 
nerve-centre.  Among  these  are  the  various  acts  connected  witli  respiration,  as  yawning, 
coughing,  crying,  sneezing,  etc.  It  also  presides  over  the  coordination  of  the  muscles 
concerned  in  expression,  and  the  act  of  vomiting.  We  have  seen,  in  treating  of  the 
pneuraogastric  nerves,  that  their  galvanization  arrests  the  action  of  the  heart  in  diastole. 
The  same  result  follows  galvanization  of  the  medulla  at  the  point  of  origin  of  these  nerves. 
We  have  also  fully  discussed  the  influence  of  the  medulla  upon  sugar-formation  in  the 
liver,  as  illustrated  by  the  striking  experiments  of  Bernard,  in  which  he  produced  diabetes 
in  animals  by  irritating  the  floor  of  the  fourth  ventricle,  and  the  influence  of  this  centre 
upon  the  quantity  and  the  composition  of  the  urine. 

There  is  very  little  to  be  said  concerning  certain  gangha  and  other  parts  of  the  brain 
that  we  have  not  yet  considered.  The  olfactory  bulbs,  or  ganglia,  preside  over  olfaction 
and  wiU  be  treated  of  fully  in  connection  with  the  special  senses.  The  pineal  gland  and 
the  pituitary  body,  in  their  structure,  present  a  certain  resemblance  to  the  ductless  glands, 
and  then-  anatomy  has  been  considered  in  another  chapter.  Passing  over  the  purely 
theoretical  views  of  the  older  writers,  who  had  very  indefinite  ideas  of  the  functions  of 
any  of  the  encephalic  ganglia,  we  have  only  to  say  that  the  uses  of  the  pineal  gland  and 
pituitary  body  in  the  economy  are  entirely  unknown.  The  same  remark  applies  to  the 
corpus  callosum,  the  septum  hicidum,  the  ventricles,  hippocampi,  and  varioiis  other  mmor 
parts  that  are  necessarily  described  in  anatomical  works.  It  is  useless  to  discuss  the 
early  or  even  the  recent  speculations  with  regard  to  the  functions  of  Jhese  parts,  which 
are  entirely  unsupported  by  experimental  or  pathological  facts  and  which  have  not  ad- 
vanced om-  positive  knowledge.  Most  of  the  parts  just  enumerated  have  no  physiological 
history. 

Rolling  and  Turning  Movements  following  Injury  of  Certain  Parts  of  the 

Encephalon. 

The  remarkable  movements  of  rolUng  and  turning,  produced  by  section  or  injury  of 
certain  of  the  commissural  fibres  of  the  encephalon,  are  not  very  important  m  their  bearmg 
upon  the  functions  of  the  brain,  and  they  are  rather  to  be  classed  among  the  cariosities  o 
experimental  physiology.  These  movements  follow  unilateral  lesions  ^^l^^^^ 
to  a  certain  extent,  upon  a  consequent  inequality  in  the  power  of  the  muscle,  on  one  ide 
without  actual  paralysis.  Vulpian  enumerates  the  following  parts,  injury  ol  which,  upon 
one  side,  in  living  animals,  may  determine  movements  of  rotation  : 

"1.  Cerebral  hemispheres; 

"  2.  Corpora  striata ; 

"  3.  Optic  thalami  (Elourens,  Longet,  SchiflT); 
"  4.  Cerebral  peduncles  (Longet) ; 
"  5.  Pons  Varolii ; 

"  fi.  Tnbercula  quadrigemina  or  bigemina  (Flourens) ;  ^^^tinn^  of  tbe- 

"  Y.  Peduncles  of  the  cerebellum,  especially  the  middle,  and  the  lateral  portions  of  the 

cerebellum  (Magendie) ; 

"  8.  Ohvary  bodies,  restiform  bodies  (Magendie) ; 

"  9.  External  part  of  the  anterior  pyramids  (Magendie) ; 
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"  10.  Portion  of  tbo  medulla  from  wliicli  the  facial  nerve  arises  (Brown-S6quar(]) ; 
"  11.  Optic  nerves  ; 

"  12.  Semicircular  canals  (Flom-ens) ;  auditory  nerve  (Brown-S6qiiard)." 
To  the  parts  above  enumerated,  Vulpian  adds  the  upper  part  of  the  cervical  portion 
of  tlie  spinal  cord. 

The  movements  which  follow  unilateral  injury  of  the  parts  mentioned  above  are  of 
two  kinds;  viz.,  rolling  of  the  entii-o  body  on  its  longitudinal  axis,  and  turning,  always  in 
one  direction,  in  a  small  circle,  called  by  the  French  the  movement  of  manege.  A  capital 
point  to  determine  in  these  phenomena  is,  whether  these  movements  be  due  to  paralysis 
or  enfeebleraent  of  certain  muscles  upon  one  side  of  the  body,  to  a  direct  or  reflex  irrita- 
tion of  the  parts  of  the  nervous  system  involved,  or  to  both  of  these  causes  combined.  The 
experiments  of  Brown-S6quard  and  others  conclusively  show  that  the  movements  may  be 
due  to  irritation  alone,  for  they  occur  when  parts  of  the  encephalon  and  the  upper  por- 
tions of  the  cord  are  simply  pricked,  without  section  of  fibres.  When  there  is  extensive 
division  of  fibres,  it  is  probable  that  the  effects  of  the  enfeeblement  of  certain  muscles  are 
added  to  the  phenomena  produced  by  simple  u-ritation.  The  most  satisfactory  explana- 
tion of  these  movements  is  the  one  proposed  by  Brown-Sequard,  who  attributes  them  to 
a  more  or  less  convulsive  action  of  muscles  on  one  side  of  the  body,  produced  by  irrita- 
tion of  the  nerve-centres.  He  regards  the  rolling  as  simply  an  exaggeration  of  the  turn- 
ing movements,  and  places  both  in  the  same  category. 

TVe  do  not  propose  to  enter  into  an  elaborate  discussion  of  the  above  experiments,,  for 
the  reason  that  they  do  not  seem  to  have  advanced  our  positive  knowledge  of  the  func- 
tions of  the  nerve-centres.  In  some  of  them,  the  movements  have  been  observed  toward 
the  side  operated  upon,  and  in  others,  toward  the  sound  side.  These  diflPerences  probably 
depend  upon  the  fact  that,  in  certain  experiments,  the  fibres  are  involved  before  their- 
decussation,  and  in  others,  after  they  have  crossed  in  the  median  line.  In  some  instances, 
tlie  movements  may  be  due  to  a  reflex  action,  from  stimulation  of  aflferent  fibres,  and  in 
others,  the  action  of  the  irritation  may  be  direct.  Judging  from  the  fact  that  most  of  the 
encephalic  commissural  fibres  are  apparently  insensible  and  inexcitable  under  direct 
stimulation,  it  is  probable  that  the  action  is  generally  reflex. 

In  concluding  the  physiological  history  of  the  encephalon,  we  have  only  to  refer  to 
the  general  properties  of  certain  of  the  peduncles.  Longet  found  that  direct  irritation  of 
the  superior  and  the  inferior  peduncles  of  the  cerebellum,  in  rabbits,  produced  pain,  but 
the  disturbance  consequent  upon  exposure  of  the  parts  did  not  allow  of  any  accurate 
observations  upon  the  movements.  He  says  nothing  of  the  general  properties  of  the  mid- 
dle peduncles  or  of  the  peduncles  of  the  cerebrum. 


CHAPTER  XXII. 

SYMPATTTETIC  .VERVOUS  8YSTE3r-SLEEP. 

(ienerol  arrangement  of  the  sympathetic  system— Peculiarities  in  the  intimate  structiire  of  the  sympathetic  ganglia 
and  nerves— General  properties  of  the  sympathetic  ganglia  and  nerves— Functions  of  the  sympathetic  system— 
Vaso-motor  nerves— Keflex  phenomena  operating  through  the  sympathetic  system— Trophic  centres  and  nerves 
(so  called)— Sleep— General  considerations— Condition  of  the  organism 'during  sleep— Dreairis— Keflex  mental  phe- 
nomena dm-ing  sleei>— Condition  of  the  brain  and  nervous  system  during  sleep— Tlieorics  of  sleep—Ajiiesthesia 
and  sleep  produced  by  pressure  upon  the  carotid  arteries— Differences  between  natural  sleep  and  stupor  or 
coma— Kegeneration  of  the  brain-substance  during  sleep— Theory  that  sleep  is  duo  to  a  want  of  oxygen— Condi- 
tion of  the  various  functions  of  the  organism  duitag  sleep. 

While  there  are  certain  points  in  the  physiology  of  the  sympathetic  nervous  system 
that  are  perfectly  well  established,  it  must  be  admitted  that  its  functions  are,  in  many 
respects,  obscure,  and  that  our  positive  knowledge  of  its  general  properties  and  its  rcla- 
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tioiis  to  the  functions  of  nutrition,  secretion,  moveuionts,  etc.,  amounts  to  comparatively 
little.  The  very  name,  sympathetic,  is  some  indication  of  our  indefinite  ideas  with  regard 
to  its  functions  ;  but  we  have  adopted  this  name,  for  the  reason  that  it  is  the  one  most 
generally  in  use,  although  it  has  no  very  exact  relation  to  the  peculiar  iunctions  ol  the 
system  It  is  sometimes  called  the  ganglionic  nervous  system ;  but  this  name  is  inappro- 
priate as  it  implies  that  it  alone  possesses  ganglia.  The  name  of  the  system  ol  organic, 
or  vegetative  life  is  more  in  accordance  with  its  general  functions ;  but  this  is  not  so  com- 
monly used  as  that  of  sympathetic  system.  The  older  anatomists  and  physiologists  called 
the  great  cord  of  this  system  the  nervus  intercostalis. 

As  far  as  wo  know,  there  is  uo  account  of  the  sympathetic  system,  even  in  the  most 
recent  works  upon  physiology  or  in  special  treatises,  a  careful  study  of  which  does  not  con- 
vey the  idea  that  there  is  little  else  in  the  literature  of  the  subject  than  controversial 
questions  of  priority,  etc.,  in  minor  details,  and  a  few  observations,  some  of  them  quite 
unsatisfactory,  with  regard  to  the  eflects  of  the  division  or  galvanization  of  sympathetic 
filaments  upon  the  functions  of  circulation,  secretion,  and  animal  heat.  It  is  unfortunate 
that  well-ascertained  facts,  which  might  be  stated  in  a  very  few  pages,  should  be  so 
largely  overshadowed  by  a  mass  of  purely  historical  details  of  no  great  interest,  btill,  we 
must  take  the  physiological  data  as  we  find  them  and  endeavor  not  to  limit  the  knowledge 
to  be  looked  for  in  the  future,  by  adopting  theories  upon  insufficient  positive  evidence 

There  are  certain  important  anatomico-physiological  questions,  more  or  less  defimtely 
determined,  that  have  a  du-ect  bearing  upon  the  functions  of  the  sympathetic  system 
These  are  the  following:  Is  the  sympathetic  anatomically  and  physiologically  dependent 
upon  its  connections  with  the  cerebro-spinal  nerves?    What  are  the  general  properties 
of  the  sympathetic  nerves  as  regards  motion  and  sensation?   Do  the  sympathetic  gangha 
•act  as  independent  reflex  nerve-centres?    To  what  extent  and  in  what  way  do  the  sym- 
pathetic ganglia  and  nerves  influence  the  functions  of  the  various  organs  and  tissues  to 
which  their  filaments  are  distributed?    A  solution  of  these  questions  involves  a  carefu 
and  critical  study  of  the  results  of  experiments  upon  Imng  animals  and  of  V-tholoj^^^^ 
facts-  and  it  is  evident  that  very  little  information  is  to  be  derived  from  ob  ervations 
made'  antril  to  the  discovery  of  the  properties  and  functions  f  the  most  nnportan 
parts  of  the  cerebro-spinal  system.    We  shaU  begm  the  study  of  these  pomts  .Mth  an 
account  of  the  general  arrangement  and  the  peculiarities  of  structure  of  the  sympathetic 
ganglia  and  nerves. 

General  Arrangement  of  the  Sympathetic  System. 
Like  the  cerebro-spinal  system,  the  sympathetic  is  composed  of  centres  and  nerves 
at  le  '  as  Lfas  we  can  judge  from  its  anatomy.    The  -ntres  contam  n^ve-ceU^^^^^^^^^ 
of  which  difl^er  but  little  from  the  cells  of  the  encephalon  and  spmal  coid.    ^l^e  nei  ves 

ganglion  receives  motor  and  sensory  filaments  from  the  cerebro-spinal 
Le  filaments  pass  from  the  sympathetic  to  the  ^-^^^'^P^^^^^f  f^^" ,  J^.'lfto  Legu- 
tribution  of  the  sympathetic  filaments  is  to  mucous  -7^'^^^^^7^^^J,4X  c  of  the 
ment-to  non-striated  muscular  fibres,  and  Vf^'^'''^-\2^c^'^^^  tbere  are 
arteries.  As  far  as  we  have  been  able  to  learn  from  ^^^^'"T'tr^M  o  striated 
no  fibres  derived  exclusively  from  the  sympathetic  ^^jf^^^^jftCr  tbe  terminal 
muscles,  except  those  which  pass  to  t^Vr^'  V^rVhict  tliese  fibres  are  distributed, 
filaments  of  the  sympathetic,  in  most  of  the  parts  to  which  these 
there  exist  numerous  ganglionic  cells. 
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The  general  arrangement  of  the  sympathetic  ganglia  and  the  distribution  of  the  nerves 
may  be  stated,  sufficiently  for  our  purposes,  very  briefly ;  still,  a  knowledge  of  certain 
anatomical  points  is  indispensable  as  an  introduction  to  an  intelligent  study  of  the  physi- 
ology of  this  system. 

In  the  cranium,  are  four  ganglia;  the  ophthalmic,  the  spheno-palatine,  the  otic,  and 
the  submaxillary.  In  the  neck,  are  the  three  cervical  ganglia;  the  superior,  middle,  and 
inferior.  In  the  chest,  are  the  twelve  thoracic  ganglia,  corresponding  to  the  twelve  ribs. 
The  great  semilunar  ganglia,  the  largest  of  all,  sometimes  called  the  abdominal  brain,  are 
in  the  abdomen,  by  the  side  of  the  coeliac  axis.  In  the  lumbar  region,  in  front  of  the 
spinal  column,  are  the  four,  and  sometimes  five,  lumbar  ganglia.  In  front  of  the  sacrum, 
are  the  four  or  five  sacral,  or  pelvic  ganglia  ;  and  in  front  of  the  coccyx,  is  a  small,  single 
ganglion,  the  last  of  the  chain,  called  the  ganglion  impar.  Thus,  the  sympathetic  cord, 
as  it  is  sometimes  called,  consists  of  from  twenty-eight  to  thirty  ganglia  on  either  side, 
terminating  below  in  a  single  ganglion. 

Cranial  Ganglia. — The  ophthalmic,  lenticular,  or  ciliary  ganglion  is  situated  deeply 
in  the  orbit,  is  of  a  reddish  color,  and  about  the  size  of  a  pin's-head.  It  receives  a  motor 
branch  from  the  third  pair,  and  sensory  filaments  from  the  nasal  branch  of  the  ophthal- 
mic division  of  the  fifth.  It  is  also  connected  with  the  cavernous  plexus  and  with 
Meckel's  ganglion.  Its  so-called  motor  and  sensory  roots  from  the  third  and  the  fifth 
pair  have  already  been  described  in  connection  with  these  nerves.  Its  filaments  of  dis- 
tribution are  the  ten  or  twelve  short  ciliary  nerves,  which  pass  to  the  ciliary  muscle  and 
the  u-is.  A  very  delicate  filament  from  this  ganglion  passes  to  the  eye  with  the  central 
artery  of  the  retina,  in  the  canal  in  the  centre  of  the  optic  nerve. 

The  functions  of  the  ophthalmic  ganglion  are  connected  exclusively  with  the  action 
of  the  ciliary  muscle  and  iris ;  and  we  shall  here  merely  indicate  its  anatomical  relations, 
leaving  its  physiology  to  be  taken  up  under  the  head  of  vision. 

The  spheno-palatine  ganglion  was  first  described  by  Meckel  and  is  known  as  Meckel's 
ganglion.  This  is  the  largest  of  the  cranial  ganglia.  It  is  of  a  triangular  shape,  reddish 
in  color,  and  is  situated  in  the  spheno-maxillary  fossa,  near  the  spheno-palatine  foramen. 
It  receives  a  motor  root  from  the  facial,  by  the  Vidian  nerve.  Its  sensory  roots  are  the 
two  spheno-palatine  branches  from  the  superior  maxillary  division  of  the  fifth.  Its 
branches  of  distribution  are  quite  numerous.  Two  or  three  delicate  filaments  enter  the 
orbit  and  go  to  its  periosteum.  Its  other  branches,  which  it  is  unnecessary  to  describe 
fully  in  detail,  are  distributed  to  the  gums,  the  membrane  covering  the  hard  palate,  the 
soft  palate,  the  uvula,  the  roof  of  the  month,  the  tonsils,  the  mucous  membrane  of  the 
nose,  the  middle  auditory  meatus,  a  portion  of  the  pharyngeal  mucous  membrane,  and 
the  levator  palati  and  azygos  uvulae  muscles.  It  is  probable  that  the  filaments  sent  to 
these  two  striated  muscles  are  derived  from  the  facial  nerve  and  do  not  properly  belong 
to  the  sympathetic  system.  The  gangUon  also  sends  a  short  branch,  of  a  reddish-gray 
color,  to  the  carotid  plexus. 

The  otic  ganglion,  sometimes  called  Arnold's  ganglion,  is  a  small,  oval,  reddish-gray 
mass,  situated  just  below  the  foramen  ovale.  It  receives  a  motor  filament  from  the 
facial,  and  sensory  filaments  from  branches  of  the  fifth  and  the  glosso-pharyngeal.  Its 
filaments  of  distribution  go  to  the  mucous  membrane  of  the  tympanic  cavity  and  Eusta- 
chian tube  and  to  the  tensor  tympani  and  tensor  palati  muscles.  Reasoning  from  the 
general  mode  of  distribution  of  the  sympathetic  fi'lamehts,  those  going  to  the  striated 
muscles  are  derived  from  the  facial.    It  also  sends  branches  to  the  carotid  plexus. 

The  submaxillary  ganglion,  situated  on  the  submaxillary  gland,  is  small,  rounded, 
and  of  a  reddish-gray  color.  It  receives  motor  filaments  from  the  chorda  tympani  and 
sensory  filaments  from  the  lingual  branch  of  the  fifth.  Its  filaments  of  distribution  go  to 
Wharton's  duct,  to  the  mucous  membrane  of  the  mouth,  and  to  the  submaxillary  gland. 

Cenical  Ganglia.— The  three  cervical  ganglia  are  situated  opposite  the  third,  fifth, 
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F.G.  231  ^A).- Cervical  and  thoracic  portion  of  IM  ^i^'"^'"  '''''J'^:       ^  "-y-^^f       .uWin'mal  • 
tfie  corona  ;^,j»^^oUu^^^  receU„a.  n,ol^rf  a,,^n^f;j>rn 


,,u.mii,.un  ;•  25,  20,  anterior  tmrwliesp}  iiiA-jevenlh  aii>l ' 'f?{''f  „7 /;'';;:'''  "„;.,,  'cnmi.rting  the  two  ganglia  : 
mmts  to  .he.  inferior  cervical  ganglion  ;J.1.  mvtdle  '^•  '  /^"'^  '"  Ta,;^^  q„nqlion  ;  32.  fu/x,;or  car- 
29,  inferior  cervical  ganglion  ;  30,  31.  fllnnunls  '  J  ,f  '  55      cardiac  A'X-/*  ,•  m.ga,,gl,on  of 

diac  L'rre;  33,  middle  cardiac  nerve. ;  34,  tH/«vor  ''"j;''"]'^'^  :,,'-  -y^  '.^H  int,  rc,>.<ta!  nenvs.  with  thetrtwp 
the  careliac.  plexus  IS",  nerve  fo'lojving  the  nght  '^?'»/^;!i',n"V;  '^' '  ,^  Inlam-linic  m  rre  ;  42.  k.-^-erx)>latichnK 
fllamentx  of  communication  witli.  the  thovacic  ganglia '.     ■:}}]•  ^]:^^^^^^  ■  40.  lower  end  of  tli«_p  ircmc 

'nerve  ;  43:  43.  mlar  plemis  ;  44,  l.TI  iHiPiinin-MsInc  ;  j.''-  "7  '^^^^^^^  rM„  auricle  ;  50,  ri-lil  ventricle  :  51,. 
nerve:  47.  Heclion  of  llie  risl.l  l)n)Mclins  ;  Is,  :urh     '  ;  of  llie'dinplirnf:'"- 

58,  pu  nionnry  nrtory  ;  58,  rifrl.l  li.Mf  I'f  Hie  slonincl. :  54,  socion  01  im.  1 
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And  tlio  seventh  cervical  vcrtebrie  respectively.  The  middio  gauglion  is  sometimes  want- 
ing, and  the  inferior  is  occasionally  fused  with  the  first  thoracic  ganglion.  These  ganglia 
are  connected  together  by  the  so-called  sympathetic  cord.  They  have  numerous  fila- 
ments of  communication  above,  with  the  cranial  and  the  cervical  nerves  of  tlio  cerebro- 
spinal system.  Branches  from  the  superior  ganglion  go  to  the  internal  carotid,  to  form 
the  carotid  and  the  cavernous  plexus,  following  the  vessels  as  they  branch  to  their  dis- 
tribution. Branches  from  this  ganglion  pass  to  the  cranial  ganglia.  There  are  also 
branches  which  unite  with  filaments  from  the  pnenmogastric  and  the  glosso-pliaryngeal 
to  form  the  pharyngeal  plexus,  and  branches  which  form  a  plexus  on  the  external  carotid, 
the  vertebral,  and  the  thyroid  artery,  following  the  ramifications  of  these  vessels. 

From  the  cervical  portion  of  the  sympathetic,  the  three  cardiac  nerves  arise  and  pass 
to  the  heart,  entering  into  the  formation  of  the  cardiac  plexus.  The  superior  cardiac 
nerve  arises  from  the  superior  ganglion ;  the  middle  nerve,  the  largest  of  the  three, 
arises  from  the  middle  ganglion,  or  from  the  sympathetic  cord,  when  this  ganglion  is  want- 
ing; and  the  inferior  nerve  arises  from  the  inferior  cervical  ganglion  or  the  first  thoracic. 
These  nerves  present  numerons  communications  with  various  of  the  adjacent  cerebro- 
spinal nerves,  penetrate  the  thorax,  and  form  the  deep  and  the  superficial  cardiac  plexus 
and  the  posterior  and  the  anterior  coronary  plexus.  In  these  various  plexuses,  are  found 
numerous  ganglioform  enlargements ;  and,  upon  the  surface  and  in  the  substance  of  the 
heart,  are  numerons  collections  of  nerve-cells  connected  with  the  fibres. 

Thoracic  Ganglia. — The  thoracic  ganglia  are  situated  in  the  chest,  beneath  the  pleura, 
and  rest  on  the  heads  of  the  ribs.  They  are  usually  twelve  in  number,  but  occasionally 
two  are  fused  into  one.  They  are  connected  together  by  the  sympathetic  cord.  They 
each  communicate  by  two  filaments  with  the  cerebro-spinal  nerves.  One  of  these  is 
white,  like  the  spinal  nerves,  and  probably  passes  to  the  sympathetic,  and  the  other,  of 
a  grayish  color,  is  thought  to  contain  the  true  sympathetic  filaments.  From  the  upper 
six  ganglia,  filaments  pass  to  the  aorta  and  its  branches.  The  branches  which  form  the 
posterior  pulmonary  plexus  arise  from  the  third  and  fourth  ganglia.  The  great  splanchnic 
nerve  arises  mainly  from  the  seventh,  eighth,  and  ninth  ganglia,  receiving  a  few  filaments 
from  the  upper  six  ganglia.  This  is  a  large,  white,  rounded  cord,  which  penetrates  the 
diaphi-agm  and  passes  to  the  semilunar  ganglion,  sending  a  few  filaments  to  the  renal 
plexus  and  the  suprarenal  capsules.  The  lesser  splanchnic  nerve  arises  from  the  tenth 
and  eleventh  ganglia,  passes  into  the  abdomen,  and  joins  the  casliac  plexus.  The  renal 
splanchnic  nerve  arises  from  the  last  thoracic  ganglion  and  passes  to  the  renal  plexus. 
The  three  splanchnic  nerves  present  numerous  anastomoses  with  each  other. 

Ganglia  in  the  AMominal  and  the  Pelmc  Comity. — The  semilunar  ganglia  on  the  two 
sides  send  off  radiating  branches  to  form  the  solar  plexus.  They  are  situated  by  the  side 
of  the  cceliac  axis  and  near  the  suprarenal  capsules.  These  are  the  largest  of  the  sym- 
pathetic ganglia.  From  these  arise  numerous  plexuses  distributed  to  various  parts  in 
the  abdomen,  as  follows :  The  phrenic  plexus  follows  the  phrenic  artery  and  its  branches 
to  the  diaphragm.  The  coeliac  plexus  subdivides  into  the  gastric,  hepatic,  and  splenic 
plexuses,  which  are  distributed  to  organs  as  their  names  indicate.  From  the  solar  plexus, 
different  plexuses  are  given  oft',  which  pass  to  the  kidneys,  the  suprarenal  capsules,  the 
testes  in  the  male,  and  the  ovaries  in  the  female,  the  intestines  (by  the  superior  and  the 
inferior  mesenteric  plexuses),  the  upper  part  of  the  rectum,  the  abdominal  aorta,  and  the 
vena  cava.    The  filaments  follow  the  distribution  of  the  blood-vessels  in  the  solid  viscera. 

The  lumbar  ganglia,  four  in  number,  are  situated  in  the  lumbar  region,  upon  the 
bodies  of  the  vertcbrto.  They  are  connected  with  the  gangha  above  and  below  and  with 
each  other  by  the  sympathetic  cord,  receiving,  like  tlie  other  ganglia,  filaments  from  the 
>ipinal  nerves.  Their  branches  of  distribution  form  the  aortic  lumbar  plexus  and  the 
hypogastric  plexus  and  follow  the  course  of  the  blood-vessels. 
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Tho  four  or  five  sacral  ganglia  and  the  ganglion  iinpar  arc  situated  by  the  inner  side 
of  tlie  sacral  foramina  and  in  front  of  the  coccyx.  These  are  connected  with  tlie  ganglia 
ahove  and  with  each  other,  and  reoeive  filaments  from  the  sacral  nerves,  tliere  being 


Fig  231  (B).— Lumbar  and  sacral  portions  of  the  si/mpal/ietic.  (Sappey.) 
1,  section  of  the  diaphragm ;  2,  lower  end  of  the  oesophagus ;  8,  left  half  of  the  ^tomach ;  j^^^'P'ij,  )Z% 

moid  flexure  of  the  Solon  ;  G.rectum;  T,  bladder;  S,  prostate;  "^lo":^!- end  of  the  left  pneim^^^^ 
end  ofthe  right  pneumogastric;  11,  solar  plexns;  12,  lower  end  ''■t ^''^^''if'Pl^Jf^^^^^^ 
of  the  lesser  splandmm  nerve ;  14, 14,  last  two  thoracic  Qanqha ;  If),  15  'i  '^^^^^  /  fo™.  ; 

17,  branches  from  the  lumbar  ganglia  ;  18,  superior  "^es(^>^f'-'C  plexns  JV  21,^^^^^^^ 
20  inferior  mesenteric  pl«nm ;  24,  24,  sacral  portion  of  the  ~M.et,c    2ft  25  20  26  -^4/ 
■plexiis;  28,  29,  80,  tenth,  eleventh,  and  twelfth  dorsal  nerves ;  81,  32,  83,  34,  35,  8b,  37, 


nerves. 


generally  two  branches  of  communication  for  each  ganglion.  The  filaments  of  distribu- 
tion go  to  all  of  the  pelvic  viscera  and  the  blood-vessels.  The  inferior  hypogastric  or 
pelvic  plexus  is  a  contimiation  of  the  hypogastric  plexus  above,  aud  receives  a  tew  h la- 
ments from  the  sacral  ganglia.    The  most  interesting  branches  from  this  plexus  are  tiie 
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ntevine  nerves,  •wMoh  go  to  the  iiterua  and  the  Fallopian  tubes.  In  the  substance  of  tlio 
uterus,  the  nerves  are  connected  with  small  collections  of  ganglionic  cells.  The  sympa- 
thetic filaments  are  undoubtedly  prolonged  into  the  upper  and  lower  extremities,  follow- 
ing the  course  of  the  blood-vessels  and  distributed  to  their  muscular  coat. 

According  to  the  latest  researches,  tlie  filaments  of  the  sympathetic,  at  or  near  their 
termination,  are  connected  with  ganglionic  cells,  not  only  in  the  heart  and  the  uterus, 
but  in  the  blood-vessels,  lymphatics,  coccygeal  gland,  the  submucous  and  the  muscular 
layer  of  the  entire  alimentary  canal,  the  salivary  glands,  pancreas,  excretory  ducts  of 
the  liver  and  pancreas,  the  larynx,  trachea,  pulmonary  tissue,  bladder,  ureters,  the  entire 
generative  apparatus,  suprarenal  capsules,  thymus,  lachrymal  canals,  ciliary  muscle,  and 
the  iris.  In  these  situations,  nerve-cells  have  been  demonstrated  by  various  observers, 
;md  it  is  probable  that  they  exist  everywhere  in  connection  with  the  terminal  filaments 
of  this  system  of  nerves. 

Peculiarities  in  the  Intimate  Structure  of  the  Sympathetic  Ganglia  and  Nerves. — The 
pecuUarities  in  the  structure  of  the  cells  and  fibres  of  the  sympathetic  system  are  not 
numerous,  nor  do  they  possess  very  great  physiological  importance.  The  free  communi- 
cations between  the  sympathetic  ganglia  and  the  cerebro-spinal  nerves,  and  the  differ- 
ences in  the  general  appearance  of  certain  of  these  anastomosing  branches,  lead  to  the 
important  question  of  their  origin.  As  a  rule,  the  sympathetic  nerves  are  softer  and 
more  grayish  in  color  than  the  spinal  nerves.  "When  there  are  two  branches  of  commu- 
nication between  a  ganglion  and  a  spinal  nerve,  one  of  them  is  white  and  the  other  is 
grayish,  and  we  might  infer  from  this  that  one,  the  white,  is  derived  from  the  spinal 
system,  and  the  other,  from  the  sympathetic  ;  but  this  is  a  point  not  yet  settled  by  micro- 
scopical investigations.  It  has  been  conclusively  shown,  however,  that  the  communi- 
cating fibres  pass  in  both  directions. 

While  the  branches  of  the  sympathetic  contain  a  large  number  of  the  ordinary  mednl- 
lated  fibres,  such  as  are  found  in  the  cerebro-spinal  nerves,  they  also  present  numerous 
fibres  of  Remak,  and  fine  fibres,  from  to  ^Vff  of  an  inch  in  diameter,  which  are 

regarded  by  Kolliker  as  true  efferent  fibres  from  the  sympathetic  ganglia.  With  regard 
to  the  fibres  of  Remak,  we  have  nothing  to  add  to  what  we  have  already  stated  under 


Fig.  iSi.— Sympathetic  ganglion  toith  multipolar  cells ;  higlily  magnified.  (Leydig.) 

the  head  of  the  general  structure  of  the  nervous  system.  These  points,  with  the  fact 
that  most  of  the  terminal  filaments  of  the  sympathetic  are  connected  with  nerve-cells  in 
the  substance  of  the  different  tissues,  constitute  the  most  important  anatomical  pecu- 
liarities of  the  sympathetic  nerve-fibres. 

With  regard  to  the  cells,  which  constitute  the  characteristic  anatomical' element  of 
the  sympathetic  ganglia,  we  shall  have  little  to  say,  as  their  peculiarities  at  present  seem 
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to  be  of  i)uroly  luiatomical  iutercst.  Tlioy  iiro  gcucrnlly  rouudeU,  ovoid,  or  pear-sLaped, 
with  u  iiuclous,  gouerally  clour,  and  a  distinct  uuclcolus.  They  present  a  nucleated  cai- 
Bule,  probably  composed  of  connective  tisHue,  wbicli  in  Homotime.s  lined  on  its  inner  sur- 
fuco  with  a  single  layer  of  tlattened,  i.olygoiuil  cpitiieliuiM.  Some  of  the  cells  are  unipolar, 
some  are  bipolar,  and  some  are  multipolar.  In  frogs,  fleale  and  Arnold  have  described  . 
peculiar  appearance  in  certain  cells,  there  being  n  single,  straight  prolongation  sur- 
rounded by  nfine  spiral  fibre.  These  have  not  been  demonstrated  in  the  Luinan  subject, 
and  it  is  not  necessary  to  enter  into  a  discussion  of  the  probable  origin  and  nature  of  the 
spiral  fibre  The  connection  between  the  cells  and  fibres  of  the  sympathetic  is  probably 
the  same  as  in  the  cerebro-spinal  centres  and  is  represented  in  the  accompanying  dia- 
gram, taken  from  Leydig.    (See  Fig.  233.) 

General  Properties  of  the  Hyrapathetic  Ganglia  and  Nerves. 

The  older  writers  had  no  definite  ideas  with  regard  to  the  functions  of  the  sympa- 
thetic svstem,  and  they  were  divided,  even  on  the  simple  question  of  its  sensibility,  some 
assuming  that  the  ganglia  were  absolutely  insensible,  while  others  noted  distinct  evi- 
dences of  pain  following  their  irritation  in  living  animals.  The  sensib.bty  of  the  gangha, 
though  distinct,  is  dull  as  compared  with  that  of  the  ordinary  sensory  nerves.  We  have 
also  noted  a  dull  but  well-marked  sensibility  of  the  cervical  ganglia  m  rabbits.  In  view 
of  the  decided  and  uniform  results  of  the  most  careful  recent  experiments  upon  this  point, 
Sere  can  be  no  doubt  of  the  existence  of  a  certain  degree  of  sensibility  m  the  gangha  ot 

^'^rCdfe—y,  recent  experiments  are  quite  satisfactory  M.ller  exposed 
thetntest?nesandthe  semilunar  ganglia  in  rabbits;  and,  bavmg  waited  until  the  intes 
tine  which  generally  present  movements  upon  first  opening  the  abdomen,  had  ceased  their 
cont;a"  ions,  the  peiiLtic  movements  "  were  immediately  renewed  with  extraordmary 
aSX  "  L  touching  the  ganglia  with  caustic  potash.  The  experiments  of  Longet  how 
Sat  a  feeble  continued  galvanic  current  applied  to  the  great  splanchnic  nerves  produces 
ontltns  of  the  mnsWar  coat  of  the  intestines  when  they  -J  ^Sgt 
ters  but  that  no  contractions  occur  when  they  are  empty.    On  the  othei  hand  f-fluger 

its  muscular  coat.    More  recently,  m  a  senes  oi  very  oi.i  tn  the  snlanch- 

and  Onimus,  it  has  been  shown  that  the  ™  ^^jfetnts    e  S 

nic  nerves  does  not  produce  peristaltic  movements,  but  that  these  movement 

twit  consideration  the  most  reliable  direct  observations  upon  the  sympathetic 
ganSt:^;rZt  .ct  that^he.  ^^^^^^:^S:^ 
niuscles  to  which  they  are      -but^'i  c-J^-^Jj  ^^^^  1,,,,,  the  function  of  the 

well  marked  in  ^^^^^^^^^  ^^t^I^l  and  will  be  treated  of  fully 

nerves  is  so  important,  that  it  "^'^"^"  ^P^^J;  , 

under  the  head  of  the  vaso-motor  nerves.  The  it  ^^^^     the  case 

=-nh-So5:c^^:=rr^^^ 

Remember  the  invariable  ccmnection  of  ^  — IJS^tiS:^? 
cerebro-spinal  nerves,  we  see  at  once  the  ^-PO^'^^^^  ''^fZ  ympathetic  ganglia 

the  motor  and  sensory  properties  of  the  f  ff  ^.^,;,,.tt,  the  cerebro-spinal 
independent  nerve-centres,  or  do  they  derive  their  P'^pe't  es  Ho  ^  ,^,.„,,,tal 

system?    This  question  may  be  satisfactorily  answered  by  t«o 
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facts :  In  the  first  place,  section  or  irritation  of  the  spinal  cord  and  certain  of  the  en- 
cephalic centres  is  capable  of  influencing  the  vaso-motor  system,  a  fact  which  will  be  dwelt 
upon  more  fully  in  another  connection.  In  the  second  place,  the  experiments  of  Bernard 
upon  the  submaxillary  ganglion  and  its  influence  on  the  secretion  of  the  submaxillary 
gland  have  demonstrated,  in  the  most  conclusive  manner,  that  this  ganglion  is  the  centre 
presiding  immediately  over  the  reflex  phenomena  of  secretion  by  the  gland;  but  it  1ms 
also  been  shown  that,  when  all  of  the  connections  of  the  submaxillary  ganglion  with  the 
cerebro-spinal  system  are  divided,  after  a  few  days,  this  ganglion  loses  its  power  as  a 
reflex  nervous  centre.   In  the  chapters  upon  secretion,  we  have  given  numerous  examples 
of  reflex  action  through  the  sympathetic  system.    The  experiments  just  cited  from  Ber- 
nard show  that  individual  ganglia  belonging  to  this  system  may  act  independently  for  a 
time,  but  that  this  action  cannot  continue  indefinitely,  after  the  cerebro-spinal  branches 
have  been  divided.    It  remains,  however,  to  apply  these  experiments  to  other  sympa- 
thetic ganglia ;  but,  in  the  case  of  the  submaxiUary,  they  are  very  satisfactory,  from  the 
facility  with  which  the  parts  may  be  opez-ated  upon  and  the  certainty  with  which  the 
ganglion  may  be  separated  from  its  connections  with  the  cerebro-spinal  system.  As 
regards  the  explanation  of  the  final  loss  of  power  over  the  functions  of  the  submaxillary 
gland,  the  experunents  of  Waller  seem  to  have  escaped  the  attention  of  the  eminent 
physiologist  whom  we  have  quoted.    There  is  no  experunental  fact  more  conclusively 
demonstrated  than  that  of  the  anatomical  degeneration  and  consequent  loss  of  physio- 
logical function  of  nerve-fibres  in  a  few  days  after  they  have  been  separated  from  their 
centres  of  origin.    After  division  of  a  cerebro-spinal  nerve-trunk,  the  tubes  soon  lose 
then-  anatomical  characters  and  will  no  longer  respond  to  a  galvanic  stimulus.    In  the 
case  of  the  fibres  operating  upon  the  submaxillary  gland,  the  question  of  their  degenera- 
tion after  division  of  the  cerebro-spinal  roots  was  not  submitted  to  microscopical  investi- 
gation.   If  these  fibres  had  undergone  the  degeneration  which  has  so  frequently  been 
observed  in  experiments  upon  other  nerves,  their  galvanization  would  not  have  produced 
any  effect ;  which  was  precisely  the  result  obtained  by  Bernard.    In  the  absence  of 
direct  observations  upon  this  point,  it  is  the  most  reasonable  view  to  adopt,  that  the 
fibres  from  the  cerebro-spinal  nerves  had  lost  their  function,  as  a  natural  consequence  of 
separation  from  their  centres,  and  that  this  was  the  cause  of  the  absence  of  effect  upon 
the  gland  following  their  galvanization.    The  observation  of  Bernard  shows,  however 
that  filaments  may  pass  to  special  organs  from  the  cerebro-spinal  centres  through  the 
sympathetic  ganglia. 

Functions  of  the  Sympathetic  System. 
In  the  early  part  of  the  last  century  (1712  and  1725),  Pourfour  du  Petit  demonstrated 
tnat  the  influence  of  the  sympathetic  nerve  in  the  neck  (the  great  sympathetic  was  fre- 
quently called  the  nervus  intercostalis)  was  propagated  from  below  upward  toward  the 
^ead,  and  not  from  the  brain  downward.   This  may  be  taken  as  the  starting-point  of  our 
defanite  knowledge  of  the  functions  of  the  sympathetic  system,  though  the  experiments 
ot  1  etit  showed  only  the  influence  of  the  cervical  portion  upon  the  eye.    In  181G  Dupuy 
removed  the  superior  cervical  ganglia  in  horses,  with  the  effect  of  producing  injection  of 
tne  conjunctiva,  increase  of  temperature  in  the  ear,  and  an  abundant  secretion  of  sweat 
upon  one  side  of  the  head  and  neck.    These  experiments  showed  that  the  sympathetic 
nas  an  important  mfluence  upon  nutrition,  calorification,  and  secretion.   In  1851  Bernard 
repeated  the  experiments  of  Pourfour  du  Petit,  dividing  the  sympathetic  in  the  neck  on 
one  su  e  m  rabbits,  and  noted,  on  the  corresponding  side  of  the  head  and  the  ear  in- 
creased vascularity,  and  an  elevation  in  temperature,  amounting  to  from  7°  to  11°  Fahr 
sir.TTi        °^  '"f  ^'-'^ed  heat  and  vascularity  continues  for  several  months  after  divi- 

e  ewl';.,ro7';  Brown-Sfiquard  repeated  these  experiments  and  attributed 

atrlcted    TT  "  te^iperature  directly  to  an  increase  in  the  supply  of  blood  to  the  parts 

ectecl.   He^made  a  most  important  advance  in  the  history  of  the  sympathetic,  by 
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demonstrating  tlmt  its  section  paralyzed  the  muscular  walls  of  the  arteries,  and,  farther, 
that  galvanization  of  the  nerve  in  the  neck  caused  the  vessels  to  contract,  Uje 
discovery  of  the  vaso-motor  nerves,  concerning  which  so  much  has  been  wntten  w  «^  , 
the  past  few  years,  and  it  belongs  without  question  to  Brown-fe6quard,  who  pubhsh  d 
his  oblrvatious  in  August,  1852.  A  few  months  later,  in  the  same  year,  Bernard  made 
iLogol  exre  iments'and  presented  the  same  explanation  of  the  phenomena  observed 

The  above  embraces  all  that  is  important  with  regard  to  the  ns  ory  ot  experimental 
obseilations  upon  the  sympathetic.  It  is  evident  that  we  could  know  nothing  of  the 
?u^ctLn  of  tlfis  system  before  the  time  of  Pourfour  du  Petit,  when  the  prevadmg  opm- 
on  was  that  the  nerve  originated  from  the  encephalon  and  that  its  mfluence  was  p:-opa- 
lated  downward  ;  and  writings  anterior  to  the  expernnents  of  Bernard  and  of  Bio^n- 
Squard  present  interesting  suggestions  and  theories,  but  they  contain  httle  that  bears 

"^"^hTL^pttn^tprtS^^  first  experiments  of  Bernard  and  of  Brown- 

Sequard  were,  that  the  sympathetic  system  influences  the  general  process  of  nutntion 
and  that  man;  of  its  filaments  are  distributed  to  the  muscular  coat  of  the  blood-vessels 
Befme  these  experiments,  it  had  been  shown  that  filaments  from  tins  system  mfluenced 
fhe  contractions  of  the  mnscular  coats  of  the  alimentary  canal.    Leaving,  for  the  presen 
Jhe  acdon  of  the  vaso-motor  nerves,  we  shall  briefly  recapitulate  some  of  the  facts  with 
regard  to  the  influence  of  the  sympathetic  upon  animal  heat  and  secretion 

Wh  n  the  sympathetic  is  divided  in  the  neck,  the  local  increase  m  temperatme  is 
alwrys  attended  with  a  very  great  increase  in  the  supply  of  blood  to  the  side  ot  the  head 
fonSpoS  to  the  section  The  increased  temperature  is  due  to  a  local  exaggei;a  ion 
0  Zmi  ritle  processes,  apparently  dependent  directly  upon  the  ^yV^^^^^ 
not  probable  thai  there  are  any  nerves  to  which  the  name  of  calorific  as  ^^-^-^^^^ 
from  vaso-motor,  can  justly  be  applied.    There  are  -^-^^  ^f^^  ^^^^^^^^^^  j[ 

easily  performed,  that  the  P^e-mena  observed  ^J.f --f^^  ^  JXtio^  ty 
been  repeatedly  verified.    We  have  often  ^"^^ /^^l^^Jf 

striking  experiment  is  the  foUowing,  suggested  by  ^^3^^.  /J*^^^^^^^  the  ear  on 
thetic  and  exhibiting  the  increase  in  the  tempemture  ^^f^^J^ 

one  side  in  the  rabbit,  if  both  ears  be  cut  off  just  f  "^^"^  .^f^.^fe;;^' ^      ;p  a 
artery  on  the  side  on  which  the  sympathetrc  ^^/^f  .^^'^t  J  s  d    t^e  jet  is  always 
jet  of  blood  to  the  height  of  several  eet,  while,  on        --'^^^^^^^^^^^  J^^^,^  ,,3t 
much  less  forcible,  and  it  may  not  be  observed  at  all.    ilns  expeu 

^^^^^^  easy  to  observe  the  e^cts  of  divi^ 

analogous  phenomena  have  been  noted  m  other  ^f',^J^^\^'^Zhyvev^^^^  of  the 
expei^nents  are  those  reported  by  '  ;!  I^Vf^i^^i^-^  ^^^^^^^^^      of  the  ccBhac 

micous  membrane  of  the  stomach  and  "."J  this  d^  not  result  from  the 

plexus.    By  comparative  experiments,  it  was  shown  that  this  did  not 

peritonitis  produced  by  the  operation.  ,^™,,„thetic  is  very  marked.   When  the 

As  regards  secretion,  the  mfluence  of  the  ^y^^^'?"  ^ 
sympathetic  filaments  distributed  to  a  gland  are  dmded^the  supply  ot^  ^^^^ 
increased,  and  an  abundant  flow  of  the  f^-^^^^J^J^^tieularlyTo  the  experiments  of 
discussed  in  another  chapter,  where  we  have  P^jJ^^™    Peyrani,  it  has  been 

Bernard  upon  the  salivary  glands.    In  f^Vurcrupon  the  secretion  of  urine, 

shown  that  the  sympathetic  has     -^^  t^^^IVi"^^^^^  urea  is  increased. 

When  the  nerves  are  galvanized  in  the  neck,  the  amount  oi 
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and  this  increase  is  greater  with  the  induced  than  with  the  constant  current.  "When  the 
sympathetic  is  divided,  the  quantity  ot'  urine  and  urea  sinks  to  the  minimum. 

Dr.  Moroau  has  recently  published  a  series  of  observations  on  the  influence  of  the 
sympathetic  nerves  upon  the  secretion  of  liquid  by  the  intestinal  canal,  which  are  pecul- 
iarly interesting  in  their  bearing  upon  the  sudden  occurrence  of  watery  diarrhoea.  In 
these  experiments,  the  abdomen  was  opened  in  a  fasting  animal,  and  three  loops  of  intes- 
tine, each  from  four  to  eight  inches  long,  were  isolated  by  two  ligatures.  All  of  the 
nerves  passing  to  the  middle  loop  were  divided,  taking  care  to  avoid  the  blood-vessels. 
The  intestine  was  then  replaced,  and  the  wound  in  the  abdomen  was  closed  with  sutures. 
The  next  day  the  animal  was  killed.  The  two  loops  with  the  nerves  intact  were  found 
empty,  as  is  normal  in  fasting  animals,  and  the  mucous  membrane  was  dry;  hut  the  loop 
with  the  nerves  divided  was  found  filled  with  a  clear,  alkaline  liquid,  colorless  or  slightly 
opaline,  which  precipitated  a  few  flocculi  of  organic  matter  on  boiling. 


Vaso-Motor  N'erves. 

The  esperknents  which  we  have  already  cited  demonstrate  beyond  a  doubt  the  exist- 
ence of  nerves  distributed  to  the  muscular  coats  of  the  blood-vessels  and  capable  of 
regulating  their  caliber  and  the  quantity  of  blood  sent  to  different  parts.  These  are  the 
vaso-motor  nerves,  discovered  by  Brown-Sequard,  in  1852.  The  importance  of  nerves 
apable  of  regulating  what  we  may  call  the  local  circulations  is  sufiiciently  apparent. 
The  glands,  for  example,  require  at  certain  times  an  immense  increase  in  their  supply  of 
blood,  and  the  same  is  probably  true  of  the  muscles,  brain,  and  other  parts.  It  has  been 
shown,  by  direct  experiments  upon  living  animals,  that  local  variations  in  the  circulation, 
independent  of  the  action  of  the  heart,  actually  take  place,  and  that  they  are  of  great 
importance  in  special  functions;  and  there  are  numerous  instances  of  such  action,  which 
can  only  take  place  through  the  nervous  system.  The  phenomena  of  blushing  and  pallor, 
from  mental  emotions,  are  familiar  examples.  ' 

There  can  be  no  doubt  of  the  fact  that  the  sympathetic  branches  contain  filaments 
capable  of  modifying  the  caUber  of  the  blood-vessels,  and  that  the  cerebro-spinal  nerves 
also  contain  elements  possessing  analogous  properties;  but  when  we  reflect  upon  the 
extensive  anastomoses,  in  both  directions,  between  the  sympathetic  and  the  ordinary 
motor  and  sensory  nerves,  we  can  appreciate  the  importance  of  determining  the  exact 
origin  and  course  of  these  vaso-motor  fibres.  The  first  important  question  is,  whether  the 
vaso-motor  filaments  be  derived  from  the  sympathetic  ganglia  or  from  the  cerebro-spinal 
centres. 

All  experiments  upon  the  question  just  proposed  tend  to  show  that  the  vaso-motor 
nerves  are  derived  exclusively  from  the  cerebro-spinal  system  and  do  not  originate  in 
the  sympathetic  ganglia.  Without  citing  the  numerous  confirmatory  observations  of  dif- 
ferent physiologists,  it  is  sufficient  to  state  that  Schiff  has  experimentally  demonstrated, 
m  the  most  conclusive  manner,  that  the  vaso-motor  nerves  are  derived  from  the  cerebro- 
spmal  centres  and  not  from  the  sympathetic  ganglia.  There  is  now  no  difference  of 
opmion  among  physiologists  upon  this  point,  the  only  question  being  the  exact  location 
of  the  vaso-motor  centres. 

As  a  summary  of  our  present  knowledge  of  the  origin  of  the  vaso-motor  nerves  in  the 
cerebro-spinal  axis,  we  may  cite  the  following  remarks,  from  a  review  of  the  experiments 
of  Schiff,  by  Brown-Sdqnard  :  "1.  That  if  there  are  vasd-motor  elements  which  decus- 
sate m  the  spinal  cord,  their  number  is  excessively  small.  2.  That  the  facts  observed  by 
Ai.  Schiff,  on  this  subject,  admit  of  a  more  simple  explanation.  3.  That  a  number  of  the 
vaso-motor  elements  stop  in  the  spinal  cord.  4.  That  a  tolerably  large  number  of  vaso- 
motor elements,  coming  from  different  points  in  the  body,  ascend  as  far  as  the  tuber 
annulare,  and  some  as  far  as  the  cerebellum  and  to  other  parts  of  the  encephalon  5 
iHat,  consequently,  the  medulla  oblongata  is  not  the  sole  source  of  the  vaso-motor  ele- 
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ments."  Theso  statements  express  pretty  much  all  that  wo  know  of  the  origin  of  tlie 
vaso-motor  elements  and  their  decussation,  as  far  as  their  direct  action  is  concerned ;  hut 
some  important  points  have  been  developed  by  observations  upon  reflex  vaso-motor  phe- 
nomena, involving  a  transmission  of  impressions  to  the  centres  through  the  nerves  of 
general  sensibility. 

Reilex  Phenoviena  operating  through  the  Sympathetic  System.-y^'o  shall  not  discuss, 
in  this  connection,  the  reflex  phenomena  of  secretion,  as  these  have  already  been  consid- 
ered with  sufficient  minuteness,  nor  again  treat  of  reflex  action,  through  the  sympatlietic, 
upon  the  general  circulatory  system,  which  has  been  taken  up  fully  under  the  head  of  the 
depressor-nerve  of  the  circulation,  but  we  shall  here  describe  certain  reflex  acts,  mvolv- 
ing  vaso-motor  phenomena,  which  we  thus  far  have  touched  upon  very  briefly. 

As  regards  animal  heat,  the  phenomena  of  which  are  intimately  connected  with  the 
supply  of  blood  to  the  parts,  we  may  mention  the  observations  of  Brown-S6quard  and 
Lombard  who  found  that  pinching  of  the  skiu  on  one  side  was  attended  with  a  dimmu- 
tion  in  the  temperature  in  the  corresponding  member  of  the  opposite  side,  and  that  some- 
times when  the  irritation  was  applied  to  the  upper  extremities,  changes  were  produced 
in  the  temperature  of  the  lower  limbs.  Tliolozan  and  Brown-S6quard  found  also,  that 
lowering  the  temperature  of  one  hand  produced  a  considerable  depression  m  the  heat  of 
the  other  hand,  without  any  notable  diminution  in  the  general  heat  of  the  body  Jirown- 
S6quard  showed  that,  by  immersing  one  foot  in  water  at  41°  Fahr  the  t^P-^^ure^^^^^^^^^^^ 
other  foot  was  diminished  about  7°  Fahr.  in  the  course  of  eight  minutes.  These  facts 
Iw  that  certain  impressions  made  upon  the  sensory  nerves  ^^^^^^Z^l^^l^^^^^^^ 
reflex  action.    As  section  of  the  sympathetic  filaments  mcreases  the  heat  m  particular 

the  r  ca  be  and  tie  heat  is  afi^ected  through  the  sympathetic  fibres,  we  have  only  o 

spinal  axis  are  now  sufliciently       ^t^J^l'^^^^^^^  geni  o-spinal  centre,  in  the  spinal 

over  particular  functions  may  be  distmctly  located,  as  tne  gen  p 

cord  opposite  the  fourth  lumbar  vertebra,  and  the  '^'''-'^'^^''if'^^^^^^ 

ofthecord.    A  stunulus  generated  in  these  cen1.-e,— 

received  through  the  nerves  of  general  sensibihty,  P^^f^^'  ^^-q,     the  blood- 

muscular  fibres  of  the  iris,  vasa  deferent  a,  ^t^' '^^^^^^  ^^^^  when  their 

vessels.    The  contraction  of  the  muscular  wal  s  of  ^^^J^^'^f  ^  ,  of 

nerves  are  divided,  relaxation  takes  place,  and  the  ^^^^uH  ^^^^  Lpressions 

blood.    By  this  action,  the  local  circulations  ^^'^  ^^'^^'l'^'^^^^^^^^  Tental  lotions, 

niadeuponsensorynerves,thephysiologic.li.quu-em^^^^^^^^ 

etc.  Secretion,  the  peristaltic  movements  of  the  ^l'^^^'^^^^^^^  ^  ^^^33  „f  reflex  pa- 
iris,  etc.,  are  influenced  in  this  way.  ^Jl-s  action  is  also  fllus^^^^^^^^  ;„thological  condi- 
valysis,  in  inflammations  as  the  --^^  ^^^t  ^t  ^t  VacTs  a3y  noted  wiUi  regard  to 
tions,  of  which  it  is  not  our  province  to  t.eat.  ^^^.^^f .  /,  jjf^  ^^^^  their  anal- 
the  excito-motor  action  of  the  spinal  cord  m  tlie  ^"^f         ^'^^^^^  the  sensory 

ogy  in  the  vaso-motor  reflex  system.    When  ^'^^        "^^/'^^f ^^^^^^^^  are  divided, 

nerves  are  paralyzed  by  anesthetics,  or  when  the  true  vaso-motoi 
reflex  vaso-motor  action  is  abolished.  hmnches  of  the  svmpatlietic,  but 

The  vaso-motor  filaments  are        confined  to  the  br.w^lie^^^^^^^^    demonstrated  thi^ 
they  exist  as  well  in  the  ordinary  cerebro-spmal  nei  ves.  Bei 
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fact  in  the  most  conclusive  manner.  He  divided  the  fourth,  fifth,  sixth,  seventh,  and 
eighth  pairs  of  lumbar  nerves  on  one  side  in  a  dog,  at  the  spinal  column,  and  paralyzed 
motion  and  sensation  in  the  leg  of  that  side,  but  the  temperature  of  the  two  sides  remained 
the  same.  lie  afterward  exposed  and  divided  the  sciatic  nerve  on  that  side,  and  then 
noted  a  decided  increase  of  temperatui-e.  This  experiment,  which  is  only  one  of  a  large 
number,  shows  conclusively  that  the  ordinary  mixed  nerves  contain  vaso-motor  fibres, 
which  are  entirely  independent  of  the  nerves  of  motion  and  sensation,  a  fact  which  is 
admitted  by  all  physiologists  and  has  frequently  been  illustrated  in  cases  of  disease  in  the 
human  subject. 

It  only  remains  to  show  that  the  phenomena  following  section  of  the  sympathetic  in 
animals  are  illustrated  in  certain  cases  of  disease  or  injury  in  the  human  subject.  It  is 
excessively  rare  to  observe  traumatic  injm-y  confined  to  the  sympathetic  in  the  neck.  A 
single  case,  however,  apparently  of  this  kind,  has  lately  been  j'eported  by  Mitchell.  A 
man  received  a  gunshot-wound  in  the  neck.  Among  the  phenomena  observed  a  few 
weeks  after,  were,  contraction  of  the  pupil  on  the  side  of  the  injury,  and,  after  exercise, 
flushing  of  the  face  upon  that  side.  There  was  no  diflerence  in  the  temperature  upon 
the  two  sides,  during  repose,  but  no  thermometric  observations  were  made  when  half  of 
the  face  was  flushed  by  exercise.  Dr.  Bartholow  has  reported  several  cases  of  imilateral 
sweating  of  the  head  (two  observed  by  himself),  in  several  of  which  there  was  probably 
compression  of  the  sympathetic  from  aneurism.  In  those  cases  in  which  the  condition 
of  the  eye  was  observed,  the  pupil  was  found  contracted  in  some  and  dilated  in  others. 
In  none  of  these  cases  were  there  any  accurate  thermometric  observations.  In  a  series 
of  observations  by  Wagner,  upon  the  head  of  a  woman,  eighteen  minutes  after  decapita- 
tion, powerful  galvanization  of  the  sympathetic  produced  great  enlargement  of  the  pupil. 
In  such  a  case  as  this,  it  would  not  be  possible  to  make  any  observations  on  the  influence 
of  the  sympathetic  upon  the  temperature. 


Trophic  Centres  and  JSTeroes  (so  called). 

We  have  deferred  the  consideration  of  the  so-called  trophic  nerves  until  we  had 
treated  of  the  functions  of  the  sympathetic  system,  because  the  vaso-motor  nerves,  by 
their  influence  upon  the  circulation,  are  evidently  connected  with  the  phenomena  of 
nutrition.  It  is  not  necessary  to  dwell  very  minutely  upon  this  pomt;  but  cases  of 
disease,  as  well  as  experiments  upon  the  inferior  animals,  show  that,  when  a  muscle  is 
paralyzed,  as  a  result  of  the  abolition  of  nervous  influence  and  consequent  disease,  it 
becomes  atrophied,  its  fibres  lose  their  characteristic  structure  and  finally  become  inca- 
pable of  contracting  under  a  stimulus.  As  we  have  seen  that  the  cerebro-spinal 
nerves,  in  addition  to  their  motor  and  sensory  fibres,  contain  vaso-motor  elements,  it 
becomes  a  question  whether  the  muscles  be  supplied  with  special  nerves-aside  from  those 
ot  motion  and  sensation  and  the  vaso-motor  nerves-which  preside  over  their  nutrition, 
buch  could  properly  be  called  trophic  nerves.  Many  pathologists,  relying  upon  the 
presence  of  certain  lesions  of  cells  in  the  cord,  in  connection  with  cases  of  progressive 
umscular  atrophy,  admit  the  existence  of  trophic  cells  and  nerves.  It  must  be  admitted, 
however,  that  these  views  rest  upon  pathological  facts  alone  and  have  not  been  demon- 
strated by  physiological  experiments  or  observations. 

After  what  we  have  said,  it  is  evident  that  proper  nutrrition  of  the  muscular  system 
aopends  upon  its  exercise  and  the  integrity  of  its  motor  nerves.  In  the  second  place  the 
nistory  of  monsters  shows  that  the  muscular  system  may  be  developed  independentl'y  of 
tne  cerebro-spinal  centres.  In  the  admirable  work  of  Brachet,  upon  the  ganglionic  system 
numerous  cases  of  anencephalic  monsters  are  detaOed,  in  which  the  muscular  system  was 
tZ  nTr'  T.^'"'  ^^'^T!^ ^  developed.  In  some  of  these,  the  fcetus  was  delivered  at 
kind  nn  T  f°7^^<^™l  ly>."f  •  When  we  consider  the  great  number  of  cases  of  this 
Rind  on  lecord,  a  few  of  which  only  are  cited  by  Brachet,  it  is  evident  that  the  cerebro- 
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spinal  centres  are  not  absolutely  necessary  to  development  in  utero.   Some  of  the  cases 
renorted  presented  spasmodic  movements  of  certam  muscles. 

^mile  t  s  certain  that  a  foetus  may  become  developed  in  utero  when  there  is  reason 
W  ,        inal  influence  is  wanting  and  the  chief  nervous  operations 

d  tt     rSe  g^^^^^^        system,  direct  experiments  upon  tbe  sympathetic  in 
no  positively  show  any  influence  upon  nutrition,  except  as  this  system  of 
do  not  posiUvely  s  y  ^^^^       ^.^.^^  ^  sympathetic  nerve,  . 

fr'ri  arl.paren7<^xigeratio^  of  the  nutritive  processes  in  particular  parts,  and  there 
LTbe  inflamra  0  y  phenomena,  but  atrophy  of  muscles  is  not  observed.  Indeed,  we 
Tlv  have  at  ophy  of  muscles  following  division  of  cerebro-spinal  nerves,  or,  as  recently- 
ob  Ii^  d  ca  e  of'disease  have  shown,  after  disorganization  of  cells  belonging  to  what  we 
recol^zo  as  motor  centres.  As  regards  the  latter  condition,  there  can  be  no  doubt  o 
tbe  foct  that  progressive  muscular  atrophy  is  attended  with  disorganization  of  certam  of 

'^^^i^rtt;^^^^^^^^^^  -Hch  belongs  to  pathology,  the  facts  may  be 

hriersta  ed  as  follows:  We  may  have  progressive  atrophy  of  certam  muscles,  which 
Jy  be  witb  paralysis  except  in  so  far  as  there  is  weakness  of  these  mus- 

^  L  due  to  partial  and  progressive  destruction  of  their  contractile  elements    The  only 
Ithot^i  al  co^^^^^^^^    in  these  cases,  aside  from  the  changes  in  the  muscular  tissue 

rsi::;r  0^^^^^^^^^^^  cens  m  -  ^nt^o  -^^^^^^^  prenLt 

t  Jy  he  distinguished  from  the  ordinary  motor  -  ^^^^^  " t^^S  to  fh^ 
degeneration  of  certain  cells,  others  r^^^^^^^         ^  e  l^e  connected 

distinction,  by  certain  writers,  of  tiophic  ceus ,  anu,  o 

with  the  muscles  by  trophic  nerves.  _     ,v„-,orMi1nr  ntrophv  from  a  physio- 

•        We  shall  now  study  the  phenomena  of  P-g-^^.^^^^^^^^^Lc^^S       existence  of 
logical  point  of  view,  and  see  if  they  f -^^^oHf  the  ^c^^^^^^^^^^^  or  whether 

Se^iubt  of  .e    - -^r^r^^s:  ^c:::: 

spinal  cord  preside  over  motion  and  that  tie  g  ^  ^^^^^  ^^^^ 

/eyed  to  the  muscles  by  the  anterior  J^^^.^;',  .^d  of  the  motor  stimulus  by 

definite,  that,  when  a  muscle     ^^^^^l  ^^^^X^^^  ^^^-^^  -  '^"^ 
which  it  is  brought  into  J^^'^'*^^  ^         physiological  propositions,  and 

their  contractility.  Starting  with  ^l-^^^wo  .  ell-defined  pl^^^^^^  destroyed-we  will  not 
assuming  that  a  few  of  t^e  ordinary  motor  c^^^^^^^^  fo  te  e-P-*^^  -  ^  consequence  of 

the  fibres  to  which  they  give  ongin.   ^"^^^iToT it^^^^^  This  occurs 

anterior  roots  arising  from  the  ^-ff.  ^"^^J^f/J.i  .^rorigin,  and  tt  involves  no  neces- 
when  any  motor  nerves  are  separated  fi-om  the  r  ce     ot  g 
sity  of  assuming  the  existence  of  specia    -pi-  ell«  orne  .^^ 

Ifafewofthemotorcell^beaifectedw  th  d>sease^^a^^^  ^^^^  ^^^^^^^^ 

and  progressive,  we  ^^-^f  -P-y^°T'rwa"l  to"  a  limited  number  of 

which  their  nerves  are  distributed    This  paiaiy^  ,  progressive  weak- 

fibres  of  particular  muscles  or  sets  of  "^"^'^^^J^^fy^^^f^V  those  observed  in  complete 
ening  of  the  muscles,  and  the  P^^^o'^f^V™  These  are  precisely  the  phenomena 
paralysis  produced  by  section  of  the  ^^^or^^^;;^  J^^^  pavilysis  which  is  the  final 
observed  in  progressive  muscular  atrophy,  procedmg  1 
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result  of  the  disease;  and  these  do  not  involve  the  action  of  any  special  centres  or 
nerves. 

As  regards  the  muscular  atrophy  itself,  if  the  nervous  stimulus  be  progressively  de- 
stroyed, the  muscular  tissue  will  necessarily  undergo  progressive  degeneration  and 
atrophy. 

With  the  above  considerations,  we  leave  the  trophic  cells  and  nerves  to  the  patholo- 
gist ;  and  we  can  only  admit  the  existence  of  centres  and  nerves  specially  and  directly  in- 
fluencing the  nutrition  of  the  muscular  system,  when  it  has  been  demonstrated  that  there 
are  lesions  of  particular  structures  in  the  nervous  system,  which  produce  phenomena  that 
cannot  be  explained  by  our  knowledge  of  the  action  of  ordinary  motor  and  sensory  nerves 
and  of  the  vaso-motor  system. 

"We  have  thus  endeavored  to  represent  what  is  actually  known  concerning  the  sym- 
pathetic system,  but  it  is  evident  that  we  have  much  to  learn  with  regard  to  its  physi- 
ology. The  great  sympathetic  gangha  may  have  functions  of  which  we  have  no  definite 
idea  ;  and  we  are  better  prepared  to  advance  our  knowledge  in  this  direction,  by  admit- 
ting our  ignorance,  than  by  attempting  to  supply  the  deficiencies  in  our  positive  infor- 
mation by  theories  unsupported  by  facts. 

Sleep. 

"When  we  remember  that  about  one-third  of  our  existence  is  passed  in  sleep,  and  that, 
at  this  time,  voluntary  motion,  sensation,  the  special  senses,  and  various  of  the  functions 
of  the  organism,  are  greatly  modified,  the  importance  of  a  physiological  study  of  this 
condition  is  sufiiciently  apparent.  The  subject  of  sleep  is  most  apjaropriately  considered 
in  connection  with  the  nervous  system,  for  the  reason  that  the  most  important  modifica- 
tions in  function  are  observed  in  the  cerebro-spinal  axis  and  nerves.  Eepose  is  as  neces- 
sary to  the  nutrition  of  the  muscular  system  as  proper  exercise  ;  but  repose  of  the  mus- 
cles relieves  the  fatigue  due  to  exercise,  without  sleep.  It  is  true  that,  after  violent  and 
prolonged  exertion,  there  is  frequently  a  desu-e  for  sleep,  but  simple  repose  will  often 
restore  the  muscular  power.  After  the  most  violent  effort,  a  renewal  of  muscular  vigor 
is  most  easily  and  completely  efi'ected  by  rest  without  sleep,  a  fact  familiar  to  all  who  are 
accustomed  to  athletic  exercises.  The  glands  engaged  in  the  production  of  the  true  secre- 
tions need  certain  intervals  of  repose  ;  but  this  does  not  necessarily  involve  sleep.  After 
prolonged  and  severe  mental  exertion,  however,  or  after  long-continued  muscular  efibrt 
which  involves  an  excessive  expenditure  of  the  so-called  nerve-force,  sleep  becomes  an 
imperative  necessity.  If  the  nervous  system  be  not  abnormally  excited  by  effort,  sleep 
follows  moderate  exertion  as  a  natural  consequence,  and  it  is  the  only  physiological  means 
of  complete  restoration ;  but  the  two  most  important  muscular  acts,  viz.,  those  con- 
cerned in  circulation  and  respiration,  are  never  completely  arrested,  sleeping  or  waking, 
although  they  undergo  certain  modifications. 

In  infancy  and  youth,  when  the  organism  is  in  process  of  development,  sleep  is  more 
important  than  in  adult  life  or  old  age.  The  infant  does  little  but  sleep,  eat,  and  digest. 
In  adult  life,  under  perfectly  physiological  conditions,  we  require  about  eight  hours  of 
sleep ;  some  persons  need  less,  but  very  few  require  more.  In  old  age,  unless  after 
extraordinary  exertion,  less  sleep  is  required  than  in  adult  life.  Each  individual  learns 
by  experience  how  much  sleep  is  necessary  for  perfect  health,  and  there  is  nothing  which 
more  completely  incai)acitate3  one  for  mental  or  muscular  effort,  especially  the  former, 
than  loss  of  rest. 

Sleeplessness  is  one  of  the  most  important  of  the  predisposing  causes  of  certain  forms 
of  brain-disease,  a  fact  which  is  well  recognized  by  practical  physicians.  One  of  the 
most  refined  and  exquisite  methods  of  torture  is  long-continued  deprivation  of  sleep ;  and 
persons  have  been  known  to  sleep  when  subjected  to  acutely  painful  impressions.  Severe 
muscular  efi"ort,  even,  may  be  continued  during  sleep.  In  forced  marches,  regiments  have 
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been  known  to  sleep  while  walking ;  men  liavo  slept  soundly  in  the  saddle  ;  persons  will 
sometimes  sleep  during  the  din  of  battle ;  and  other  instances  illustrating  tlie  imperative 
demand  for  sleep  after  prolonged  vigilance  might  be  cited.  It  is  remarkable,  also,  how 
noises  to  which  we  Ijave  become  accustomed  may  fail  to  disturb  our  natural  rest.  Those 
who  have  been  long  habituated  to  the  endless  noise  of  a  crowded  city  frequently  find 
difficulty  ia  sleeping  in  the  oppressive  stillness  of  the  country.  We  mu.it  have  sleep; 
and  this  demand  is  so  imperious,  that  we  soon  accommodate  ourselves  to  the  most  un- 
favorable surrounding  conditions.  It  is  remarkable,  also,  tluit  prolonged  exposure  to 
intense  cold  induces  excessive  somnolence,  and,  if  this  be  not  resisted,  the  sleep  passes 
into  stupor,  the  power  of  resistance  to  cold  becomes  rapidly  diminished,  and  death  is  tlie 
inevitable  result.  Intense  heat  often  produces  drowsiness,  but,  as  is  well  known,  is  not 
favorable  to  natural  sleep.  We  generally  sleep  less  in  summer  than  in  winter,  though  m 
summer,  perhaps,  we  are  less  capable  of  protracted  mental  and  physical  exertion. 

Sleep  is  preceded  by  an  indescribable  feeling  of  drowsiness,  an  indisposition  to  mental 
or  physical  exertion,  and  a  general  relaxation  of  the  muscular  system.  It  then  requires 
a  decided  effort  to  keep  awake ;  and,  if  we  yield  to  the  soporific  tendency,  the  voluntary 
muscles  cease  to  act,  the  Hds  are  closed,  we  cease  to  appreciate  the  ordinary  impressions 
of  sound,  and  we  sometimes  pass  into  a  dreamless  condition,  in  which  we  lose  all  knowl- 
edge of  existence.  We  say  sometimes,  because  the  mind  is  not  generally  inactive  during 
what  we  may  regard  as  normal  sleep.  We  may  have  dreams  which  are  not  due,  as  lar 
as  can  be  ascertained,  to  impressions  from  the  external  world  received  durmg  sleep. 
Ideas  in  the  form  of  dreams  may  be  generated  in  the  brain  from  impressions  previously 
received  while  awake,  or  trains  of  thought  may  be  gradually  extended  from  the  moments 
immediately  preceding  sleep  into  the  insensible  condition. 

There  may  be,  during  sleep,  mental  operations  of  which  we  have  no  consciousness  or 
recollection,  unconscious  cerebration,  as  it  is  called  by  Carpenter  f  -  jf  ^^^^^^^^^ 
we  vividly  remember  dreams  immediately  on  awakening,  but  that  the  lecollection  of 
tTem  rapiJly  fades  away,  unless  they  he  brought  to  mind  by  an  'irbT  normal 

relate  them.  Whatever  be  the  condition  of  the  mind  m  sleep,  if  the  sleep  be  noimal 
ihet  is  a  condition  of  repose  of  the  cerebro-spinal  system  and  an  absence  of  voluntary 
effort,  which  restore  the  capacity  for  mental  and  physical  exertion. 

The  impressionability  and  the  activity  of  the  human  mmd  are  so  S  ^^t' ^^^^ 
animal  functions  are  so  subordinate  to  its  influence,  and  we  are  so  subject  to  unusud 
Lentd  Conditions,  that  it  is  difficult  to  determine  with  exactness  the  phenomena  of  sl^p 
that  are  absolutely  physiological,  and  to  separate  those  that  a  f^f^^^^^ 

nervous  influence,  disordered  digestion,  etc.    We  may  assume  that  an  entirely  retieshm„ 

sleep  is  normal,  and  that  is  all.  external  impressions,  there 

That  reflex  ideas  originate  during  sleep,  as  the  result  o  / 1^..^  of  reflex 

can  be  no  doubt;  and  we  have  already  alluded  to  ^1^- 

action.    The  most  remarkable  experiments  upon  the  Production  of  di earns  ot  a 

character,  by  subjecting  a  person  during  sleep  to  l^f^^^;^^^^;^:^^^^^^ 

The  hallucinations  produced  in  this  way  are  called  1^?°''^^°^ ^' ^^"^^^  „,ade  by 

the  subject  is  not  in  a  condition  favorable  to  ^ound  sleep.  The^^^"^^^^ 

Maury  upon  himself  are  so  curious  and  mterestmg,  that  we  quote  the  m 

them  in  full:  .      t     -ii   „  f„„fiior  siT-cessively  on  the  lips  and 

FlBST    0BSKBVAT10N.-"IwaS  tlcklcd  ^'''^'Y^^^.^^^^^  S 

inside  of  the  nostrils.  I  dreamed  that  I  ^"^f  J'^^'^J^'^*^  ,f  J,^"i"tear£ig  the  ski^  of  the 
mask  of  pitch  was  applied  to  my  face,  and  then  roughly  toin  oil,  g 

lips,  the  nose,  and  the  face. 
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Second  Observation. — "  A  pair  of  piucei's  is  lield  at  a  littlo  distance  from  my  ear, 
and  rubbed  witli  a  steel  scissors.  I  dreamed  that  I  heard  the  ringing  of  bells ;  this  soon 
became  the  tocsin,  and  I  imagined  myself  in  the  days  of  June,  1848. 

Third  Observation. — "  I  was  caused  to  inhale  Oologne-water.  I  dream  that  I  am 
in  a  perfumer's  shop,  and  the  idea  of  perfumes  doubtless  awakens  the  idea  of  the  East :  I 
am  in  Cairo,  in  the  shop  of  Jean  Fai'ina.  Many  extravagant  adventures  follow,  the  con- 
nection of  wliich  escapes  me. 

Fourth  Observation. — "  I  am  caused  to  smell  a  burning  match.  1  dream  that  I  am 
at  sea  (remark  that  the  wind  ^vas  then  blowing  in  through  the  windows),  and  that  the 
Saint-Barbe  blew  up. 

Fifth  Observation. — "  I  am  slightly  pinched  on  the  nape  of  the  neck.  I  dream  that 
a  blister  is  applied,  -which  recalls  the  recollection  of  a  physician  who  had  treated  me  in 
my  infancy. 

Sixth  Observation. — "  A  piece  of  hot  iron  is  held  to  my  face,  keeping  it  far  enough 
removed,  so  that  the  sensation  of  heat  should  be  slight.  I  dream  of  cliauffeurs,  who  enter 
houses  and  force  the  inmates,  by  putting  their  feet  to  the  fire,  to  reveal  where  their  money 
was.  The  idea  of  the  cliauffews  immediately  suggests  that  of  the  Duchess  d'Abrantes, 
who,  I  suppose  in  my  dream,  has  taken  me  as  secretary.  I  had,  indeed,  long  ago  read  in 
the  memoirs  of  this  intelligent  woman  certain  details  concerning  the  chavffeurs. 

Seventh  Observation. — "  The  word  parafagaramua  is  pronounced  in  my  ear.  I  hear 
nothing,  and  awake,  having  had  rather  a  vague  dream.  The  experiment  is  repeated 
when  I  am  asleep  in  my  bed,  and  the  word  maman  is  pronounced  many  times  in  suc- 
cession. I  dream  of  different  things,  but  in  this  dream  I  heard  the  humming  of  bees. 
The  same  experiment,  repeated  several  days  after,  when  I  was  scarcely  asleep,  was  more 
conclusive.  The  words  ^sor.  Castor-,  Zeonore,  were  pronounced  in  my  ear ;  on  awaking, 
I  recollected  that  I  had  heard  the  last  two  words,  which  I  attributed  to  one  of  the  per- 
sons who  had  conversed  with  me  in  my  dream. 

"Another  experiment  of  the  same  kind  likewise  showed  that  the  sound  of  the  word, 
and  not  the  idea  attached  to  it,  had  been  perceived.  The  words  chandelle,  Imridelle, 
were  pronounced  in  my  ear  many  times  in  succession.  I  awoke  suddenly  of  my  own 
accord,  saying,  c'est  elle.  It  was  impossible  for  me  to  recall  what  idea  I  attached  to  this 
answer. 

Eighth  Observation. — "  A  drop  of  water  is  allowed  to  fall  on  my  forehead.  I  dream 
that  I  am  in  Italy,  that  I  am  very  warm,  and  that  I  am  drinking  the  wine  of  Orviette. 

Ninth  Observation. —  "A  light,  surrounded  with  a  red  paper,  is  many  times  in  suc- 
cession passed  before  my  eyes.  I  dream  of  a  tempest  of  lightning,  and  all  the  remem- 
brance of  a  violent  storm  which  I  had  encountered  in  the  English  Channel,  in  going  from 
Alorlaix  to  Havre,  is  present  in  my  mind." 

As  regards  dreams  due  to  external  impressions,  it  is  a  curious  fact,  which  has  been 
noted  by  many  observers  and  is  one  which  accords  with  the  personal  experience  of  all  who 
have  reflected  upon  the  subject,  that  trains  of  thought  and  imaginary  events,  which  seem 
to  pass  over  a  long  period  of  time  in  our  dreams,  actually  occur  in  the  brain  within  a  few 
seconds.  A  person  is  awakened  by  a  certain  impression,  which  undoubtedly  gives  rise 
to  a  dream  that  seems  to  occupy  hours  or  days,  and  yet  the  period  of  time  between  the 
impression  and  the  awakening  is  hardly  more  than  a  few  seconds  ;  and  persons  will  drop 
asleep  for  a  very  few  minutes,  and  yet  have  dreams  with  the  most  elaborate  details  and 
apparently  of  great  length.  It  is  unnecessary  to  cite  the' numerous  accounts  of  literary 
compositions  of  merit,  the  working  out  of  difficult  mathematical  problems  in  dreams,  etc., 
some  of  which  are  undoubtedly  accurate.  If  it  bo  true,  that  the  mind  is  capable  of  form- 
ing consecutive  ideas  during  sleep— wliich  can  hardly  be  doubted— there  is  no  good  reason 
why  these  phenomena  should  not  occur,  and  the  thoughts  should  not  bo  remembered  and 
noted  immediately  on  awakening.  In  most  dreams,  however,  the  mind  is  hardly  in  a 
normal  condition,  and  the  brain  generally  loses  the  power  of  concentration  and  of  accu- 
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rate  reasoaing.  We  sometimes  commit  atrocious  crimes  in  our  dreams,  without  appre- 
ciating tlieir  Lormity,  and  we  are  often  placed  in  the  most  absurd  and  nnposs.b  e  condi- 
tions without  any  idea,  at  the  ti.ne,  of  their  extraordmary  and  unna  ural  cha  acter. 
'Z  is  a  fact  suiJoiently  famihar  to  every  one  and  is  one  which  does  not  admit  of  sat.s- 

We  JLtmarno  attempt  to  offer  an  explanation  of  the  curious  psychological  phe- 
nomena Presented  during  sleep,  and,  indeed,  we  know  little  --f  °f  ^ 
mind  at  any  time ;  but  we  have  merely  given  the  above  as  examples  of  what  we  may  call 
Keflex  mental  phenomena.  Somnambulism,  general  anaesthesia,  sleep  rom  hypnotics  the 
so  caUoTmagnetic  sleep,  ecstasy,  catalepsy,  trance,  etc  are  abnormal  conditions,  which 
we  shaJl  only  consider  in  so  far  as  they  resemble  natural  sleep. 

Condition  of  the  Brain  and  Mrvous  System  during  Sleeix 
A«  we  have  already  seen,  during  sleep,  the  brain  may  be  in  a  condition  of  absolute 
renfse  at  lelst  as  L  as  we'  have  any  subjective  knowledge  of  mental  operations-or  we 
Z  hl^f  more  0^  less  connected  trains  of  thought.  There  is,  also,  as  a  rule,  absence  of 
voW  Jv  Xt  although  movements  may  be  made  to  relieve  discomfort  from  position  or 
I^erna  iSon  without  awakening.  The  sensory  nerves  retain  their  properties 
:ru  VrgeneW  sensibility  is  --hat  1^^^^^^^^^^^^^ 

^"Tmw;T;  rTdIg  "^^ha^  tL  W-se  o^si^ht  is  not  entirely  lost. 

this  -wp^^^^ad  -o.g^^^^^^ 

— :r,^s?i::rLcnofr^ 

sciousness,  no  dreaming,  and  the  <^^-''''''^ ^1^^'^^^^^^^^^  with  venous 

comatose  by  opium,  the  brain  may  be  ^.^P^.^^^^^'^^^  "^^^^^^^  chloroform,  but  a 

blood.    The  same  condition  often  ob  ains  m       7^^/™^^^^^^^^^  ^^.thesia  from 

state  of  the  brain  very  nearly  ^^^^^^^^  ZZLt  X  e^e  i-nts  upon  living  ani- 
ether.    These  facts  have  been  posit  vely  demon  toted  by  e  P  i  ^^^^^^ 

xnals,  and  have  been  observed  n  ''^'''-^'^  ;'^^^XloZViJ^^^  condition 
When  opium  is  administered  in  large  ^o-^,  the  biain  is  conge^t^^^^ 

of  stupor  or  coma,  but  this  congestion  is  -^-jf  ^^^J  ™  ^  tiese  facts  and 
is  at  nded  with  or  is  produced  by  congestion  of  the  --bral  ve.e^- ^^^^ 

come  to  the  researches  of  Dm  ham,  in  i»t)U,  in  w  „leep.   These  experi- 

the  supply  of  blood  to  the  brain  is  always  greatly  —  ™^f:Tf  a  shilhng,  was 
ments  were  made  upon  dogs.    A  piece  of  the  f     J^^^^^^^^  to  the  opening  and 

removed  with  a  trephine,  and  a  watch-glass  I'l^'^^'X^^,^^ ^^^^^      upon  in  this 
cemented  at  the  edges  with  Canada  balsam.    When  the  anuna     P  ^^^^^^^^^^  ^^^^ 
way  were  awake,  the  vessels  of  the  pia  mater  ^^ere  seen  n  oa  ^^^^^^^ 
circulation  was  active ;  but,  during  perfectly  natural  ^^l^^^J'^nng  its  period  of  func- 
pale     "The  contrast  between  the  appearances  of  the  biain  k 
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tional  activity  and  during  its  state  of  rcposo  or  sleep  was  most  remarljable."  There 
can  be  hardly  any  doubt,  from  these  experiments,  tlmt  tlie  circulation  in  the  cerebral 
substance  is  more  active  when  we  are  awake  than  during  sleep ;  but  the  question  has 
been  raised  by  Dr.  Cappie,  in  a  very  interesting  little  work  upon  the  causation  of  sleep, 
whether,  during  a  state  of  diminished  activity  of  the  capillary  circulation  in  the  brain- 
substance,  the  veins  be  not  congested,  and  sleep  be  immediately  due  to  pressure  from 
those  distended  vessels  on  the  gray  matter.  This  point  is  one  very  difficult  to  decide, 
and  it  has  not  been  made  the  subject  of  experimental  inquiry.  Dr.  Cappie  accepts,  in 
the  main,  the  experiments  of  Durham  as  accurate,  but  he  regards  his  observations  as  ap- 
plying only  to  the  circulation  in  the  arteries  and  capillaries.  His  view  is  that,  when  the 
capillary  circulation  in  the  brain-substance  is  diminished  in  sleep,  the  nervous  matter  is 
more  or  less  collapsed,  and  that  the  veins  are  necessarily  congested.  At  present,  how- 
ever, we  can  only  accept  the  experimental  results  of  Durham,  that  the  circulation  in  the 
brain  is  notably  diminished  in  sleep. 

The  influence  of  diminished  supply  of  blood  to  the  brain  has  been  illustrated  by  com- 
pression of  both  carotid  arteries.  In  an  experiment  performed  upon  his  own  person.  Dr. 
Fleming  produced  immediate  and  profound  sleep  in  this  way,  and  this  result  invariably 
followed  in  subsequent  trials  upon  himself  and  others.  We  have,  however,  the  observa- 
tions of  Waller,  who  produced  anajsthesia  in  patients  by  pressure  upon  both  pneumogas- 
tric  nerves;  but  the  nerves  are  so  near  the  carotid  arteries  that  they  could  hardly  be 
compressed,  in  the  human  subject,  without  interfering  with  the  current  of  blood,  and 
such  experiments  do  not  positively  show  whether  the  loss  of  sensibility  be  due  to 
pressure  upon  the  nerves  or  upon  the  vessels.  In  some  rare  cases,  in  which  both  carotid 
arteries  have  been  ligatured  in  the  human  subject,  it  has  been  stated  that  there  is  an 
unusual  drowsiness  following  the  necessary  diminution  in  the  activity  of  the  cerebral 
circulation ;  but  this  result  is  by  no  means  constant,  and  the  morbid  conditions  in- 
volving so  serious  an  operation  are  usually  such  as  to  interfere  with  their  value  as  facts 
bearing  upon  the  question  under  consideration.  As  far  as  the  human  subject  is  concerned, 
the  most  important  facts  are  the  results  of  compression  of  both  carotids  in  healthy  per- 
sons. These,  as  well  as  experiments  on  animals,  all  go  to  show  that  the  supply  of  blood 
to  the  brain  is  very  much  diminished  during  natural  sleep,  and  that  sleep  may  be  induced 
by  retarding  the  cerebral  circulation  by  compressing  the  vessels  of  supply.  When  the 
circulation  is  interfered  with  by  compressing  the  veins,  congestion  is  the  result,  and  we 
have  stupor  or  coma. 

If  diminished  flow  of  blood  through  the  cerebral  vessels  be  the  cause  of  natural  sleep, 
it  becomes  important  to  inquire  how  this  condition  of  physiological  anseniia  is  brought 
about.  It  must  be  tliat,  when  the  system  requires  sleep,  the  vessels  of  the  brain  contract 
in  obedience  to  a  stimulus  received  through  the  sympathetic  system  of  nerves,  diminish- 
ing the  supply  of  blood,  here,  as  in  other  parts  under  varied  physiological  conditions. 
The  vessels  of  the  brain  are  provided  with  vaso-motor  nerves,  and  it  is  sufl3cient  to  have 
noted  that  the  arteries  are  contracted  during  sleep,  the  mechanism  of  this  action  being 
well  established  by  observations  upon  other  parts  of  the  circulatory  system.  Contraction 
of  the  vessels  of  the  pia  mater  has  been  observed,  although  there  is  some  discussion  with 
regard  to  its  exciting  cause. 

It  must  be  acknowledged  that  we  know  but  little  of  the  intimate  nature  of  the  pro- 
cesses of  nutrition  of  the  brain  during  its  functional  activity  and  in  repose ;  but  there 
can  be  no  doubt  of  the  fact  that  there  is  more  or  less  cerebral  action  at  all  times  when 
we  are  awake.  Although  the  mental  processes  are  much  less  active  during  sleep,  even  at 
this  time,  the  opei-ations  of  the  brain  are  not  always  suspended.  It  is  equally  well  estab- 
lished, that  exercise  of  the  brain  is  attended  with  physiological  waste  of  nervous  sub- 
stance, and,  like  other  parts  of  the  organism,  its  tissue  requires  periodic  repose  to  allow 
of  the  regeneration  of  the  substance  consumed.  Analogies  to  this  are  to  be  found  in 
parts  that  are  more  easily  subjected  to  direct  observation.    The  muscles  require  repose 
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after  exertion,  and  the  glands,  when  not  actively  engaged  in  discharging  their  secretions, 
present  intervals  of  rest.    As  regards  tlic  glands,  during  tlie  intervals  of  repose,  the  sup- 
ply of  blood  to  their  tissue  is  very  much  diminislied.    It  is  probable,  also,  that  the  mus- 
cles in  action  receive  more  blood  than  during  rest ;  but  it  is  mainly  when  these  .parts  are 
not  active,  and  when  the  supply  of  blood  is  smallest,  that  the  processes  of  regeneration 
of  tissue  seem  to  be  most  efficient.   As  a  rule,  the  functional  activity -of  parts,  while  it  is 
attended  with  on  increased  supply  of  blood,  is  a  condition  more  or  less  opposed  to  the 
process  of  repair,  the  hyperojmia  being,  apparently,  a  necessity  for  the  marked  and 
powerful  manifestations  of  their  peculiar  functions.    When  the  parts  are  in  active  func- 
tion the  blood  seems  to  be  required  to  keep  at  the  proper  standard  the  so-called  irri- 
tability of  the  tissues  and  to  increase  tlieir  power  of  action  under  proper  stimulus. 
Exercise  increases  the  power  of  regeneration  and  favors  full  development,  in  the  repose 
which  follows ;  but,  during  rest,  the  tissues  have  time  to  appropriate  new  matter,  and 
this  does  not  seem  to  involve  a  large  supply  of  blood.    A  muscle  is  exhausted  by  pro- 
longed exertion ;  and  the  large  quantity  of  lilood  passing  through  it  carries  away  carbonic 
acid  urea,  and  otlier  products  of  disassimilation,  which  are  all  increased  in  amount,  until 
it  gradually  uses  up  its  capacity  for  work.    Then  follows  repose ;  the  supply  of  blood  is 
reduced,  but,  under  normal  conditions,  the  tissue  repairs  the  waste  which  has  been 
excited  by  action,  the  blood  furnishing  nutritive  matter  and  carrying  away  a  compara- 
tively small  amount  of  efEete  products. 

We  may  safely  assume  that  processes  analogous  to  those  just  decribed  take  place  m 
the  brain  By  absence  of  voluntary  effort,  we  allow  the  muscles  time  for  rest  and  for  the 
repair  of  physiological  waste,  and  their  active  function  is  for  the  time  suspended.  As 
the  activity  of  the  brain  involves  consciousness,  volition,  the  generation  of  thought,  and, 
in  short,  the  mental  condition  observed  while  awake,  complete  repose  of  the  bram  is 
characterized  by  the  opposite  conditions.  It  is  true  that  we  rest  the  brain  ^>th out  sleep, 
by  abstaining  from  mental  effort,  by  the  gratification-  of  certam  of  the  senses,  and  bj  men- 
tal distraction  of  various  kinds,  and  that  the  mind  may  work  to  some  degree  ^^^^^^ll^Zl 
but,  during  the  period  of  complete  repose-that  condition  which  is  so  necessary  to  perfect 
health  ani  full  mental  vigor_we  lose  consciousness 

and  the  brain,  which  does  not  receive  blood  enough  to  stimulate  it  t  -  s^-p  I 

occupied  in  the  insensible  repair  of  its  substance  and  is  preparing  itself  foi  fu  uie  work. 
The  exhaustion  of  the  muscles  produces  a  sense  of  fatigue  of  the  muscu  ar  system,  indis 
positL  to  muscular  exertion,  and  a  desire  for  rest,  not  necessarily  ^-^f^^^^J^TTZ 
Fatigue  of  the  brain  is  manifested  by  indisposition  to  mental  exertion,  ^u^^J^  "f^;^ 
specfal  senses,  and  a  desire  for  sleep.  Simple  repose  will  -^^^ /Jf^^  ire  dSfpeal 
muscles-  and  when  a  particular  set  of  muscles  has  been  used,  the  fa  igue  d  sappeais 
wSen  these  llcles  aloL  are  at  rest,  though  others  be  brought  into  action.  Sleei,  and 
LeTdone  relieves  fatigue  of  the  brain.  When  the  sleep  has  eon^ued  lo^g  eno  h  lor 
the  rest  of  the  brain  and  the  repair  of  its  tissue,  we  awake,  prepared  ^^J^^^  f^''- 

We  have  now  only  to  refer  to  a  new  theory  of  sleep,  proposed  by  Sommei.  Taking 
as  a  basis  the  researches  of  Petteukofer  and  Yoit  upon  respiration,  Sommer  advance  the 
Idea  thir  when  the  brain  is  active,  or  while  we  are  awake,  the  system  ^ro^r^^ 
a^stS  quantity  of  oxygen  in  respiration  and 

carbonic  acid ;  after  a  time,  the  oxygen  thus  appropriated  is  consumed  and  y 
demands  a  new  supply,  and,  during  sleep,  the  o^'S'?--- "PP^^J"^*  X  £n  ot-cl  lonic 
eliminates  a  relatively  small  amount  of  carbonic  acid.    ^'''^  ^'^''^'^CZctsZ^  a 
acid  at  the  expense  of  the  oxygen  stored  up  reaches  a  certaiyo^nt  th  ne^^^^^^^^ 

farther  supply  of  oxygen  induces  sleep ;  and  when,  during  s  eep,  «^Jf  ° 

priated  in  sufficient  quantity,  the  system  awakes,  prepared  for  a  new  pei.od  activity 

of  the  animal  functions.  p^H^nl-ofer  and  Voit  we  find  that  these  observers, 

By  reference  to  the  researches  of  Pettenkoter  ana  \  on,  w  . 
in  experiments  upon  a  man  confined  in  a  chamber  m  which  the  mteichanges  of  gases 
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respiration  could  bo  estimated,  noted,  in  twenty -four  hours,  that  the  subject  of  the.observa- 
tion,  awake  but  in  a  condition  of  complete  repose,  appropriated  sixty-seven  per  cent,  of 
the  entire  amount  of  oxygen  of  the  twenty-four  liours  during  the  night,  and  thirty-three 
per  cent,  during  the  day,  while  he  eliminated  fifty-eight  per  cent,  of  the  entire  amount 
of  carbonic  acid  excreted,  during  the  day,  and  forty-two  per. cent.,  during  the  night. 
When  the  subject  of  the  experiment  worked  during  tlie  day,  by  turning  a  heavy  wheel, 
tlie  appropriation  of  oxygen  was  thirty-one  per  cent,  for  the  day,  and  sixty -nine  per  cent, 
for  the  night ;  and  the  elimination  of  carbonic  acid  was  sixty-nine  per  cent,  for  the  day,  and 
thirty-one  per  cent,  for  the  night.  According  to  these  observations,  the  system  stores  up 
oxygen  at  night  for  use  during  the  day,  at  this  time  eliminating  a  relatively  small  quan- 
tity of  carbonic  acid ;  and,  during  the  day,  it  excretes  more  carbonic  acid  than  during 
sleep,  appropriating  then  a  relatively  small  amount  of  oxygen. 

This  theory  of  sleep  seems  to  rest  upon  observations  too  restricted  to  be  adopted 
without  reserve.  It  is  stated,  indeed,  that  the  first  experiments  of  Pettenkofer  and  Voit 
were  not  confirmed  in  other  observations  made  upon  the  same  person.  It  is  hardly  pos- 
sible, with  our  present  information,  to  assume  that  sleep  is  due  simply  to  want  of  oxygen, 
and  it  is  more  in  accordance  with  well-established  physiological  facts  to  attribute  it  to  a 
necessity  for  the  general  regeneration  of  the  nervous  tissue,  though  into  this,  the  neces- 
sity for  oxygen  may  enter  as  one  element  in  the  physiological  repair. 

During  sleep,  nearly  all  of  the  functions,  except  those  directly  under  the  control  of  the 
sympathetic  nervous  system,  are  diminished  in  activity.  The  circulation  is  slower,  and 
the  pulsations  of  the  heart  are  less  frequent,  as  well  as  the  respiratory  movements.  These 
points  have  already  been  considered  under  the  heads  of  circulation  and  respiration.  Wo 
have  but  little  positive  information  with  regard  to  the  relative  activity  of  the  processes 
of  digestion,  absorption,  and  secretion,  during  sleep.  The  drowsiness  which  many  per- 
sons experience  after  a  full  meal  is  probably  due  to  a  determination  of  blood  to  the  ali- 
mentary canal  and  a  consequent  diminution  in  the  supply  to  the  brain. 


CHAPTER  XXIII. 

SPECIAL  SENSES-TOUCIT,  OLFACTION;  ASTD  GUSTATION: 

General  characters  of  the  special  senses— Muscular  sense  (so  called)— Appreciation  of  weight— Sense  of  touch— Vario- 
tions  in  tactile  sensibility  in  different  parts— Table  of  variations  measured  by  the  oesthesiometer— Connection 
between  the  variations  in  tactile  sensibility  and  tbe  distribution  of  the  tactile  corpuscles— Titillation— Apprecia- 
tion of  temperature— Venereal  sense— Olfaction— Nasal  fossffi — Schneiderian  and  olfactory  membrane— Physio- 
logical anatomy  of  tlie  olfactory  nei-ves— Olfactory  bulbs— Olfactory  cells  and  terminations  of  the  olfactory  nerve- 
flbres— Properties  and  functions  of  the  olfactory  nerves— Mechanism  of  olfaction— Relations  of  olfaction  to  the 
sense  of  taste— Reflex  acts  through  the  olfactory  nerves— Gustation— Savory  substances— Relations  between 
gustation  and  olfaction— Taste  and  flavor— Modifications  of  the  sense  of  taste— Nerves  of  taste— Chorda  tympani 
—Facial  paralysis  mth  injpairmont  of  taste- Paralysis  of  general  sensibility  of  the  tongue  without  impairment  of 
taste— Glosso-pharyngeal  nerve  (first  division  of  the  eighth)— Physiological  anatomy— General  properties  of  the 
glosso-pharyngeal— Relations  of  the  glosso-pharyngeal  nerves  to  gustation— Mechanism  of  gustation— Physiolo- 
gical anatomy  of  the  organ  of  taste— Papilte  of  the  tongue— Taste-buds,  or  taste-beakers— Connections  of  tho 
nerves  with  the  organs  of  taste. 

OuK  study  of  the  nervous  system  thus  far  has  involved  simply  motion  and  what  is 
known  as  general  sensibility ;  and  almost  all  our  positive  knowledge  of  these  properties 
has  been  dci-ived  from  experiments  upon  the  infei'ior  animals.  As  regards  sensation,  the 
experiments  have  referred  to  impressions  recognized  as  painful;  and  we  have  seen  that 
these  are  conveyed  to  the  centres  by  nerve-filaments,  anatomically  as  well  as  physiologi- 
cally distinct  from  those  which  convey  to  the  contractile  pai-ts  the  stimulus  that  gives  rise 
to  motion.   As  far  as  we  have  studied  the  sensory  nerves,  we  have  alluded  to  simple  im- 
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pressions  only;  but  it  is  evident  that  tlio  filaments  of  peripheral  distribution  of  these 
nerves  are  capable  of  receiving  a  variety  of  impressions,  by  which  we  determine,  to  a  cer- 
tain extent,  the  farm,  size,  character  of  surface,  density,  and  temperature  of  objectf.  e 
also  have  a  general  appreciation  of  heat  and  cold  ;  a  sense  of  resistance,  which  gives  an 
idea  of  woi-ht ;  and,  finally,  there  are  nerves  of  peculiar  properties,  terminating  in  organs 
calculated  to  receive  the  impressions  of  smell,  taste,  sight,  and  hearing. 

The  senses  of  olfaction,  gustation,  vision,  and  audition,  belong  to  peculiar  organs  pro- 
vided with  nerves  of  special  properties,  which  are  usually  not  endowed  with  general  sen- 
sibilitv  These  nerves  have  been  omitted  in  our  general  study  of  the  nervous  system ; 
and  the  accessory  organs  to  which  they  are  distributed  are  so  important  and  intricate  in 
their  structure  as  to  demand  extended  description. 

The  senses  of  touch,  titiUation,  temperature,  and  pain  are  all  conveyed  to  the  nerve- 
centres  by  what  we  have  described  as  ordinary  sensory  nerves;  the  touch  being  perfected 
in  c  rtain  parts  by  pecuhar  arrangements  of  the  terminal  nerve-fibres.  Although  it  be 
possMo  that  each  one  of  these  impressions  may  be  transmitted  by  specia  and  distinct 
fib  es  b  s  has  not  yet  approached  a  positive  demonstration.  The  so-ca  led  muscular 
sense,'  by  which  we  appreciate  weight,  resistance,  etc.,  undoubtedly  depends,  to  a  great 
extent  if  not  entirely,  upon  the  muscular  nerves. 

Muscular  Sense  {so  called). 
It  is  difficult  to  define  exactly  what  is  meant  by  the  term  muscular  sense,  as  it  is  nsed 
bv  many  physiologists.    In  all  probability,  the  sense  which  enables  ns  to  apprecia  e  the 
^esiTt^ce  mmobm     and  elasticity  of  substances  that  are  grasped,  on  which  we  tre  d 

contact  with  the  ground  which  is  ^^^y^^        diseases  of  the  nervous 

Many  curious  examples  of  this  kind  are  to  be  found  m  worus  np 

svstem    One  of  the  most  striking  is  a  case  communicated  to  Su  C^;^;;.  ^ 

Catient  was  afflicted  with  partial  loss  of  ^-^J/P^^^^^^^Je^^^ 

out,  however,  any  corresponding  '^-^Xl^  ^^^^o  ^E  ^^^^^ 

she  conld  bold  her  child  m  the  ^J^^^fjfj^f^^^^^^^  of  the  state  of  her  arm,  the 
it ;  but,  if  surrounding  objects  withdrew  her  tiom  ^^^^  °oy^^  something  like 

fle'xors  gradually  relaxed  and  the  chil  was  ^^Z^  ^'^^^^^^^  I,  ,Ms  Lor- 

the  phenomena  ordmarily  described  nndei  ^^^J^"-^^'  ^.^^  progressive  loss  of 

der,  there  is  disease  of  the  posterior  columns     ^^^^'^X^'iJtact    Patients  affected 

with  great  power.  r..nc«5nTi  of  the  various  arguments  nsed  for  and  against 

Without  entering  into  a  full  di  cussion  °f  3t„te  that,  in  those  cases 

the  existence  of  a  special  "  muscular  sense,  is^uffi^^^^*  ™  ,^5^  1,^,,  ^o'exact  apprecia- 
in  which  general  sensibility  is  lost  or  ^^^^^^P^^  f^^tLeof  fatigue.  This  question 
tion  of  the  action  of  the  muscles  ^^^^^I'l^^^^^^^^^  nervous  system  ;  and  it 

is  of  great  importance  in  connection  with  the  pa*  ^^^^^^  tl,ere  is  no  dis- 

■seems  that  the  weight  of  evidence  is  ^^f  'en^ibility-that  can  properly  be 

tinct  perception  of  muscular  action-aside  from  geneial  sensiou  y 

called  a  muscular  sense. 
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Habit  and  education  enable  us  to  appreciate  with  great  nicety  difl'erences  in  weight; 
but  this  is  chiefly  due  to  tlie  sense  of  resistance  to  muscular  effort  and  has  little  depend- 
ence upon  the  sense  of  touch.  In  the  elaborate  and  classical  experiments  of  Weber,  this 
point  was  very  strildngly  illustrated.  The  observations  of  this  physiologist  upon  tlie 
sense  of  toucli  and  general  sensibility  were  very  varied  and  extensive  ;  and,  among  the 
most  important  of  the  results  with  regard  to  the  appreciation  of  pressure  and  weight, 
are  the  following : 

In  general,  those  parts  which  are  most  sensitive  to  the  impressions  of  touch,  as  the 
fingers,  enable  us  to  appreciate  differences  in  pressure  and  weight  with  the  greatest  accu- 
racy. The  sense  of  simple  pressure,  unaided  by  the  estimation  of  weight  by  muscular 
effort,  is  generally  more  acute  upon  the  left  side,  probably  because  the  integument  of  the 
left  hand  is  thinner  than  that  of  the  right  hand.  Differences  in  weight  can  be  accurately 
distinguished,  when  they  amount  to  only  one-sixteenth,  by  employing  muscular  effort  in 
lifting,  as  well  as  the  sense  of  pressure ;  but  the  sense  of  pressure  alone  enables  us  to 
appreciate  a  difference  of  not  less  than  one-eighth.  When  weights  are  tested  by  lifting 
with  the  hand,  the  appreciation  of  slight  differences  is  more  dehcate  when  the  weights 
are  successively  tested  with  the  same  hand  than  when  two  weights  are  placed,  one  on 
either  hand.  When  the  interval  between  the  two  trials  amounts  to  more  than  forty  sec- 
onds, slight  differences  in  weight — the  difference  between  fourteen  and  a  half  and  fifteen 
ounces,  for  example — cannot  be  accurately  appreciated.  In  such  trials,  it  is  necessary 
to  have  the  metals  used  of  the  same  temperature,  for  cold  metals  seem  heavier  than 
warm. 

These  observations  formularized  some  of  the  facts,  suflSciently  evident  to  every  one, 
relating  to  the  appreciation  of  slight  differences  in  weight.  It  is  well  known  that  experts 
acquire,  in  this  regard,  wonderful  delicacy  and  accuracy.  Those  who  are  in  the  daily 
habit  of  handling  coins  not  only  count  with  astonishing  rapidity,  but  are  able  to  detect 
and  throw  out  a  light  piece  instantly  and  with  unerring  certainty. 

Sense  of  Touch. 

We  have  already  considered,  in  connection  with  the  nervous  system,  the  modes  of 
termination  of  the  sensory  nerves ;  and,  in  many  instances,  it  is  possible  to  explain,  by 
the  anatomical  characters  of  the  nerves,  the  great  differences  that  have  been  observed  in 
the  delicacy  of  the  tactile  sensibility  in  different  parts — differences  which  are  exceedingly 
important,  pathologically  as  well  as  physiologically,  and  which  have  been  studied  by 
Weber,  Valentin,  and  others,  with  great  minuteness. 

Variations  in  the  Tactile  SensiUlity  in  Different  Parts. — In  certain  parts  of  the  cuta- 
neous surface,  the  general  sensibility  is  much  more  acute  than  in  others.  Eor  example, 
a  sharp  blow  upon  the  face  is  more  painful  than  a  similar  injury  to  other  parts ;  and  the 
eye,  as  is  well  known,  is  most  exquisitely  sensitive.  The  appreciation  of  temperature  also 
varies  in  different  parts,  this  probably  depending  to  a  great  extent  upon  habitual  exposure. 
Some  parts,  as  the  soles  of  the  feet  or  the  axilla,  are  peculiarly  sensitive  to  titillation. 
The  sense  of  touch,  however,  by  which  we  appreciate  the  size,  form,  character  of  the 
surface,  consistence,  etc.,  of  objects,  is  developed  to  a  greater  degree  in  some  parts  than 
mothers;  a  fact  which  can  be  very  readily  explained,  in  some  instances,  by  the  ana- 
tomical arrangements  of  the  peripheral  sensory  nerves:  When  we  wish  to  ascertain 
those  properties  of  objects  revealed  by  the  sense  of  touch,  we  generally  employ  the  fin- 
gers. This  sense  is  capable  of  education  and  is  almost  always  extraordinarily  developed 
m  persons  who  are  deprived  of  other  special  senses,  as  sight  or  hearing.  The  blind  learn 
to  recognize  individuals  by  feeling  of  the  face.  A  remarkable  instance  of  this  is  quoted 
in  works  on  physiology,  of  the  blind  sculptor,  Giovanni  Gonelli,  who  was  said  to  model 
the  most  striking  likenesses  entirely  by  the  sense  of  touch.    Other  instances  of  this  kind 
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are  on  record.  The  blind  have  been  known  to  becomo  proficients  in  conchology  and 
botany,  guided  simply  by  the  sense  of  toucli.  It  is  related  of  a  blind  botanist,  that  he 
was  able  to  distinguish  ordinary  plants  by  the  fingers  and  by  the  tip  of  the  tongue.  It 
is  well  known  that  the  blind  learn  to  read  with  perfect  facility,  by  passing  the  fingers 
over  raised  letters  but  little  larger  than  the  letters  in  an  ordinary  folio  Bible.  Rudolphi 
cites  the  remarkable  faculty  acquired  by  Baczko,  of  distinguishing  the  colors  of  fabrics  by 

the  sense  of  touch  alone. 

An  excoedingry  ingenious  and  accurate  method  of  determining  the  relative  delicacy 
of  the  tactile  sensibility  of  different  portions  of  the  cutaneous  surface  was  devised  a 
number  of  years  ago  (1829)  by  E.  H.  Weber,  whose  researches  upon  this  subject,  which 
have  been  repeatedly  confirmed  by  other  observers,  are  still  the  most  careful  and  reliable 
on  record.    This  method  consists  in  the  application  to  the  skin,  of  two  fine  but  blunt 
points,  separated  from  each  other  by  a  known  distance.    The  individual  experimented 
upon  should  be  blindfolded,  and  the  points  applied  to  the  skin  simultaneously.  By  care- 
fully adjusting  the  distance  between  the  points,  a  limit  will  be  reached  where  the  two 
impressions  upon  the  surface  are  appreciated  as  one ;  i.  e.,  by  gradually  approximating 
them,  the  subject  wUl  suddenly  feel  both  points  as  one,  when,  an  instant  before,  with  the 
points  a  little  farther  removed  from  each  other,  he  distinctly  felt  two  impressions.  This 
gives  a  very  accurate  measure  of  the  delicacy  of  the  tactile  as  distinguished  from  the 
general  sensibility  of  different  parts,  and  it  has  lately  been  found  a  most  important  gmde 
in  the  investigation  of  diseases  of  the  nervous  system  attended  with  partial  anaesthesia 
of  the  surface.    Of  course,  the  instrument  used  may  be  very  simple  (a  pair  of  ordinary 
dividers  wUl  answer),  but  it  is  convenient  to  have  some  ready  means  of  ascertainmg  the 
distances  between  the  points.    An  instrument,  consisting  simply  of  a        f  ^^^''^^  ' 
with  a  graduated  bar  giving  a  measure  of  the  separation  of  the  points,  is  he  be  t,  as 
combines  simplicity,  convenience  of  use,  and  portability.    This  instrument  is  called  the 

03sthesiometer.  .    „        „  at,™  nr.f 

The  experiments  of  Weber  were  made  upon  Ms  own  person  and  of  course  they  do  not 
show  the  variations  that  may  occur  in  different  individuals  in  health  a  P-^  ^^^^^^^^^ 
able  importance  in  estimating  the  extent  of  anesthesia  in  disease  f^^^^TZ  these 
showed  some  slight  variations  with  the  direction  of  the  line  of  the  two  pom  s  but  these 
are  not  important.  Valentin  repeated  the  experimen  s  of  W^ber  and  -  -JJiUon  took 
the  maximum,  minimum,  and  mean,  in  six  persons.  Aside  from  .these  °^;^-^>°°  :  ^ 
repetition  of  Weber's  experiments  has  done  little  more  than  ^^T"^^^^^^^^^^ 
tL  table  upon  the  next  page,  taken  from  the  article  on  'Touch  by  Di.  W.  B.  C.rpen 
ter  in  the  Cyclopedia  of  Anatomy  and  Physiology,  London,  1849-1852,  vol.  iv.,  pait  u., 
p.  1169,  gives  the  results  obtained  by  Weber  and  by  Valentm. 

If  ;e  note  the  distribution  of  the  tactile  corpuscles  m  connection  with  thi  able  t 
will  be  seen  that  the  sense  of  touch  is  most  acute  in  those  situations  m  which  the  cor- 
will  DC  seen  tnat  tne  se  one-fiftieth  of  a  square  inch  on  the 

Mlit,  is  more  acute         '^^'j *  .^-^^^^^^^  „„  the  sec„.,l  pl.aln,..,  for,, 

the  aasthesiometer  being  0  603  ot  a  line,    m  lae  ba       ,  inking  nest  in 


increase  luu  p^^wci  v*.  w^^j^.-  

against  which  the  delicate  nerve-filaments  can  be  ]>ressea 

As  regards  those  portions  of  the  general  '^'^^'^^^'^''^  tactile  L- 
cles  have  been  demonstrated,  it  is  not  easy  to  ^f^J™  „g  ^f  the  comparative 

sibility  with  the  nervous  distribution,  as  we  know  little  or  notmng 
richness  of  the  terminal  nervous  fi.laments  in  these  situations. 
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Table  of  Variations  in  the  Tactile  Sensibility  of  Different  Portions  of  the 

Skin  (Weber  and  Valentin). 

The  tactile  sensibility  Is  measured  by  the  greatest  distance  between  two  points  at  which  they  convey  a  single 
Impression  when  applied  simultaneously.   The  measurements  are  given  In  lines  {f^  of  an  Inch). 


PART  OF  SURFACE. 


Tip  of  the  tongue  

Palmar  sm-face  of  third  phalanx  of  forefinger  

do.  do.  middle  flngor  

do.  do.  ring-flnger  

do.  do.  thumb  

do.  do.  little  finger  

Eed  surface  of  under  lip  

do.  upper  lip  

Palmar  surface  of  second  phalanges  of  fingers  

do.  fli'st  do.   

Middle  of  the  dorsum  of  the  tongue  

Dorsal  surface  of  the  thu'd  phalanges  of  fingers  

Portion  of  the  lips  not  red.  

Tip  of  the  nose  

Edge  of  the  tongue  .an  inch  from  the  tip  

Lateral  surface  of  the  dorsum  of  the  tongue  

Pahnar  surface  of  the  metacarpus  

Eud  of  the  great-toe  

Metacarpal  joint  of  the  thumb  

External  surface  of  the  eyehds  

Palm  of  the  hand  

Dorsal  surface  of  second  phalanx  of  thumb  

do.  do.  forefinger.  

do.  do.  middle  finger.  

do.  do.  Uttle  finger  

do.  do.  ring-flnger  

Centre  of  the  hard  palate  

Mucous  membr.ine  of  lips  close  to  the  gum  

Skin  of  the  cheek  over  buccinator  

do.         over  anterior  part  of  malar  bone  

Dorsal  surface  of  first  phalanges  of  fingers  

Prepuce  

Dorsal  surface  of  heads  of  metacarpal  bones  

Skin  of  cheek  over  posterior  part  of  malar  bone  

Plantar  surface  of  metacarpal  bone  of  great-toe  

Lower  part  of  forehead  

Back  of  the  hand  

Lower  part  of  hairy  scalp  in  occipital  region  

Surface  of  the  throat  beneath  lower  jaw  

Back  of  the  heel  

Pubes  

Crown  of  the  head  

Patella  and  surrounding  part  of  thigh            

Areola  around  nipple  

Dorsum  of  foot  near  the  toes  

Axilla  '.'.'.'.'.'.v. 

Upper  and  lower  extremities  of  forearm  

Back  of  the  neck  near  the  occiput  

Upper  and  lower  extremities  of  leg  

Penis  

Acromion  and  upper  part  of  arm    

Sacral  region  " 

Sternum  

Gluteal  region  and  neighboring  part  of  thigh .' .' . . .  .  . 
Middle  of  forearm  where  its  circumference  is  greatest 
Middle  of  thigh  do. 

Middle  of  cervical  vortehrje  

Five  upper  dorsal  vertebra;  

Ixjwcr  part  of  thorax  and  over  lumbar  Tertebrse. 
Middle  of  dorsal  vertebriE  


■Webee. 


0-  50 

1-  00 


2-00 
'2-66' 


4-00 
8-00 
4-00 
8-00 


3-  00 
5-00 

4-  00 

5-  00 
5-00 
5-00 


6-  00 
9-00 
5-00 

7-  00 
7-00 


8-00 
10-00 


10-00 

14-  00 
12-00 

15-  00 
10-00 


15-  00 

16-  00 


18-00 


:8-oo 

24-00 
18-00 

is-oo 

lS-00 
18-00 
20-00 
18-00 
80-00 
80-00 
80-00 
24-00 
•24-00 
80-00 


Valentin. 


Relative 

Relative 

Mux. 

Mln. 

Mean. 

acutencsB. 

obtustneee 

0-50 

0-40 

0-488 

1-000 

1-000 

1-00 

0-50 

0-008 

0-802 

1-248 

1-00 

0-87 

0-706 

0-685 

1-461 

1-00 

0-60 

0-723 

0-609 

1-496 

1-00 

0-50 

0-725 

0-067 

1-600 

1-00 

0-50 

0-738 

0-659 

1-517 

2-00 

0-50 

1-500 

0-822 

8-180 

2-00 

0-50 

1-520 

0-818 

8-145 

2-00 

1-25 

1-558 

0-310 

8-223 

1-75 

1-50 

1-650 

0-203 

3-414 

4-00 

1-50 

1-916 

0-252 

8-964 

8-00 

1-75 

2-125 

0-227 

4-897 

4-00 

1-50 

2-208 

0-219 

4-568 

8-00 

0-50 

2-250 

0-215 

4-655 

4-00 

1-50 

2-478 

0-195 

5-127 

4-00 

1-50 

2-500 

0-198 

5-172 

8-00 

1-75 

2-625 

0-184 

6-431 

5-00 

8-00 

8-250 

0-149 

6-724 

4-50 

2-00 

8-838 

0-145 

6-896 

5-00 

2-50 

8-888 

0-126 

7-930 

5-00 

3-00 

3-888 

0-126 

7-930 

5-50 

2-75 

8-898 

0-124 

8-054 

5-50 

2-75 

8 -8113 

0-124 

8-054 

5-50 

2-75 

3-900 

0-124 

8-069 

5-50 

2-50 

8-9J3 

0-122 

8-158 

5-50 

2-75 

3-971 

0-121 

8-216 

6-00 

2-00 

4-042 

0-120 

8-868 

9-00 

2-00 

4-125 

0-117 

8-535 

6-00 

3-25 

4-541 

0-106 

9-395 

7-00 

3-00 

4-620 

0-106 

9-559 

7-00 

4-00 

4-917 

0-098 

10-178 

6-00 

4-00 

5-100 

0-096 

10-552 

8-00 

8-25 

5-260 

0-092 

10-802 

10-00 

3-00 

5-286 

0-091 

10-986 

7-00 

5-00 

5-875 

0-082 

12-155 

10-00 

4-00 

6-000 

0-081 

12-414 

14-00 

8-50 

6-966 

0-069 

14-412 

12-00 

600 

8-292 

0-058 

17-156 

15-00 

8-00 

8-292 

0-058 

17-156 

10-00 

s-co 

9-000 

0-054 

18-621 

14-00 

3-00 

9-200 

0-052 

19-C35 

15-00 

5-50 

9-5S3 

0-060 

19-827 

16-00 

600 

10-208 

0-047 

21-120 

20-00 

9-50 

12-066 

0-040 

24-964 

18-00 

7-50 

12-525 

0-089 

25-914 

14-00 

12-00 

13-000 

0-037 

26-897 

18-00 

7-00 

13-292 

0-086 

27-501 

24-00 

8-00 

13-292 

0-086 

27-501 

18-00 

9-00 

18-708 

0-085 

28-861 

18-00 

10-00 

18-E50 

0-084 

28-655- 

18-00 

6-00 

13-880 

0-034 

28-088 

18-00 

7-50 

14-958 

0-082 

80-948 

20-00 

8-00 

15-875 

0-030 

82-845 

18-00 

10-50 

16-625 

0-029 

84-897 

30-00 

8-75 

17-083 

0-028 

35-344 

80-00 

9-00 

17-688 

0-027 

36-482 

80-00 

7-00 

18-542 

0-026 

88-362 

24-00 

11-00 

19-000 

0-026 

89-310 

24-00 

11-50 

19-912 

0-022 

44-758 

80-00 

11-00 

24-208 

0-020 

50-086 

Titillation.—Tho,  sensation  experienced  when  cei-tain  p.nrts  of  the  general  surface  are 
subjected  to  titillation  cannot  easily  be  described,  althongh'it  is  sufficiently  familiar.  This 
sensation  is  due  simply  to  delicate  impressions  made  in  nnnsual  situations  and  is  remark- 
able chiefly  on  account  of  the  reflex  movements  which  it  occasions.  If  the  soles  of  the 
feet  be  tickled,  it  is  almost  impossible  to  avoid  movements  of  the  limbs.  These  are  not 
due  entirely  to  the  peculiar  sensation  appreciated  by  the  brain,  for  the  same  stimulus,  in 
persons  suffering  from  complete  paralysis  of  sensation  and  voluntary  motion  of  the  lower 
extremities,  may  produce  even  violent  action  of  the  paralyzed  muscles.  The  peculiar 
48 
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nature  of  the  sensation  is  duo  to  tlio  unusual  character  of  the  impression,  and  it  does  not 
involve  the  action  of  special  nerve-fibres  as  conductors. 

Appreciation  of  Temperature.-U  is  not  known  that  tlie  sense  of  temperature,  eitl^er 
of  thfsurrouuding  medium  or  of  bodies  appUed  to  different  parts  of  the  skm,  is  appreci- 
a  e  tlnough  any  nerves  other  than  those  of  general  sensibility,  or  that  tljere  is  any  special 
Zr^f  of  the  terminations  of  certain  of  the  nerves  connected  with  this  sense.  As 
the  gin  al  temperature,  the  sense  is  relative  and  is  much  modified  by  habit 
TWslta tement  needs  no  explanation.  As  is  well  known,  what  is  cold  for  an  inhahitant 
of  th  tSrid  zone  would  be  warm  for  one  accustomed  to  an  excessively  cold  climate 
Habitual  exposure  also  modifies  the  sense  of  temperature.  Many  persons  not  m  the  habit 
of  dress  ug^^^^^^^  Buffer  but  little  in  extremely  cold  weather.  Those  who  habitually 
Expose  thf  hands,  or  even  the  feet,  to  cold,  render  these  parts  quite  msensib le  to  tempcra- 
tu  e  •  and  the  same  is  true  of  those  who  often  expose  the  hands,  face,  etc.,  to  heat. 

The  variations  in  the  sensibility  of  different  parts  of  the  surface  to  te-perat-'c  defend 
as  we  have  just  indicated,  to  a  great  extent  upon  habit,  exposure,  etc.,  bu  also  np on 
snedal  properties  of  the  parts  themselves.  The  differences,  however,  are  not  so  maik  d 
as  to  he  of  any  great  importance,  and  the  experiments  made  upon  tbis  point  are  simply 
curious  ItTs  remarkable,  however,  to  note  the  exquisite  sensibility  to  variations  in  tern- 
peratu^  sometimes  presented  by  those  who  are  deprived  of  other  senses.  The  example 
is  auoted  by  Dunglison,  of  Dr.  Sannderson,  formerly  Professor  of  Mathematics  a  Cani- 
l^ire  Eniand  who,  "  when  some  of  his  pupils  were  engaged  in  taking  the  al  itude  of 
Jhl  su;,  coStdlThy  the  slight  modification  in  the  temperature  of  the  air,  when  very 

"^^^r:x;;^rS^mSl":ely  that  the  skin  is  the  -in  organ  f^ 
appredatbn  of  temperature,  if  we  except  the  month,  palate,  vagina  and  rectum  hy  which 
I  dTffS  nee  between  warm  and  cold  substances  is  readily  distinguished.  In  several 
nstafe  Tn  which  large  portions  of  the,  skin  were  destroyed  by  burns  and  other  mjur>e, 
e^Sm  ntslave  been  made  by  applying  spatulas  of  different  *;7-*--  ^ 
a  snatula  plunged  in  water  at  from  48°  to  55°  Fahr.  was  apphed  to  a  denuded  surlace 
a  spatula  piungeu  ^^.^^^        requested  to  teU 

rounding  healthy  skin.    When  applications  at  a  highei  temperature  weie 
denuded  part,  the  patient  suffered  o^j^  Pf  ,  ^^ike  any  other  sensa- 

The  venereal  sense,  which  we  shall  not  attempt  to  Oescrioe,  s  j  connection, 

tion,  and  is  general,  as  well  as  -f-ahle  to  the  organs  of  g^^^^^^^^ 
however,  it  is  interesting  to  note  that  the  tactile  B--^>Wy  of  ^^^^ 

^  ^tr^t.  —  times 

greater. 

Olfactory  Nerves. 
The  nerves  directly  connected  with  the  senses  c.  ol^ction  ^sion^ 
hut  shghtly  if  at  all  endowed  with  general  -s  J^^^^^^^^^      "fth  branches  from  the  fifth, 
the  parts  to  which  they  are  d!«trihnted  a-^^^^         it  Uty  or  insensibility  to  ordinary 
tbat  it  is  difficult  to  determme     ^  .rT  rSr  buted  to  the  mucous  membrane 

impressions.    The  olfactory  ^^^ij^^'ff'eial  sense  of  smell.  Before 

of  that  portion  of  the  nasal  cavity  endowed         ^he  speml  se^^^ 
taking  up  their  physiological  anatomy,  we  shall  describe  bnefly  P 
olfactory  sense  is  probably  confined. 

in  front  hy  tie  imlerior  n.rea  mil  connected  «ith  tUc  pb.rjns  »J 
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are  called  the  nasal  fossro.  The  membrnne  lining  these  cavities  is  generally  called  the 
Schneidorian  mucous  membrane,  and  sometimes,  particularly  by  the  French,  the  pituitary 
membrane.  This  membrane  is  closely  adherent  to  the  fibrous  coverings  of  the  bones 
and  cartilages  by  which  the  nasal  fossro  are  bounded,  and  it  is  thickest  over  the  turbinated 
bones.  It  is  continuous  with  the  membrane  lining  the  pharynx,  the  nasal  duct  and  lach- 
rymal canals,  the  Eustachian  tube,  the  frontal,  ethmoidal,  and  sphenoidal  sinuses,  and 
the  antrum.    There  are  openings  leading  from  the  nasal  fossro  to  all  of  these  cavities. 

The  essential  organ  of  olfaction  is  the  mucous  membrane  lining  the  upper  half  of  the 
nasal  fossse.  Kot  only  has  it  been  shown  anatomically  that  this  part  only  of  the  mem- 
brane receives  the  terminal  filaments  of  the  olfactory  nerves,  but  physiological  experi- 
ments have  demonstrated  that  it  is  the  only  part  capable  of  receiving  odorous  impressions. 
If  a  tube  be  introduced  into  the  nostril,  placed  horizontally  over  an  odorous  substance  so 
that  the  emanations  cannot  penetrate  its  caliber,  no  odor  is  perceived,  though  the  parts 
below  the  end  of  the  tube  might  receive  the  emanations;  but,  if  the  tube  be  now  directed 
toward  the  odorous  substance,  so  that  the  emanations  can  penetrate  to  the  upper  portion 
of  the  nares,  the  odor  is  immediately  appreciated. 

That  portion  of  the  lining  of  the  nasal  fossra  properly  called  the  olfactory  membrane 
extends  from  the  cribriform  plate  of  the  ethmoid  bone  downward  a  little  less  than  an 
inch.  It  is  exceedingly  soft  and  friable,  very  vascular,  thicker  than  the  rest  of  the 
Schneiderian  membrane,  and,  in  man,  has  rather  a  yellowish  color.  It  is  covered  by 
long,  delicate,  columnar  cells,  nucleated,  each  one  provided  with  from  three  to  eight  cili- 
ary processes,  their  movement  being  from  before  backward.  The  inncous  glands  of  the 
olfactory  membrane  are  numerous,  long,  and  racemose.  They  secrete  a  fluid  which  keeps 
the  surface  moist,  a  condition  essential  to  the  accurate  perception  of  odorous  impressions. 

Physiological  Anatomy  of  the  Olfactory  iVeroea.— The  apparent  origin  of  the  olfactory 
nerve  is  by  tbree  roots,  from  the  inferior  and  internal  portion  of  the  anterior  lobe  of  the 


.    ,.  ,  Olfactory  gamglion  and  nei'ves.  (Hirschfeld.) 

cerebrum,  in  front  of  the  anterior  perforated  space.    The  three  roots  are  an  external  and 

of  tV«     \'  ""^"^'^'"'^  °f  to  the  middle  lobe 

of  the  cerebrum.    The  internal  white  root  is  thicker  and  shorter  than  the  eXrnal  root 
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and  it  ariseB  from  the  most  posterior  portion  of  the  anterior  lobe.  The  middle,  or  gray 
Zot  lLs  from  a  little  eminenee  of  gray  matter  situated  on  the  postenor  and  mner  por- 
tion  of  the  inferior  surface  of  the  anterior  lobe. 

The  deep  origin  of  these  three  roots  of  the  olfactory  nerves  is  stdl  a  matter  oi  discus- 
sion    The  external  root  is  stated  by  various  anatomists  '^Z  '^J^^^^^^ 

8  riatum  the  optic  thalamus,  the  anterior  commissure,  and  the  island  of  Red  but 
resea^es  upon'this  point  have  been  by  no  means  satisfactory.  The  «ame  uneertamtv 
oSt  wSi  legard  to  the  deep  origin  of  the  internal  white  root  and  the  gray  root  _ 

The  three  roots  of  the  olfactory  converge  to  form  a  single  nervous  cord  a  the  inner 
boundLy  of  the  fissure  of  Sylvius.  This  passes  forward  and  slightly  inward  in  a  deep 
Zve  I'et ween  two  convolutions  on  the  under  surface  of  the  anterior  lobe,  covered  by 
Srarlch^  old  membrane,  to  the  ethmoid  bone.  This  portion  of  the  nerve  ,s  exceedmgly 
soft  ind  ftlble.  It  is  composed  of  both  white  and  gray  matter,  the  proportions  bemg 
r,rt wo  thirds  of  the  former  to  one-third  of  the  latter.  The  gray  substance,  derived 
ftm  ^e  ^^i;  root,  is  ituated  at  the  upper  portion  of  the  nerve,  the  white  substance 
oopunvins  the  inferior  and  the  lateral  portions. 

By  the  Bide  of  the  crista  galli  of  the  ethmoid  bone,  the  nerve-trmit  expand  into  an 
oblonc.  ganglion,  called  the  olfactory  bulb.  This  is  grayish  m  color,  excessively  s  f  and 
oontahis  the  ordinary  ganglionic  elements.    From  the  olfactory  bulb  from  fifteen  to 

nerves,  the  cord  leading  from  the  olfactory  bnlb  to  the ' 
cerebrum  being  more  property  a  commissure.  Having 
passed  through  the  cribriform  plate,  the  olfactory  nerves 
are  distributed  to  the  olfactory  membrane  in  three  groups :  . 
an  inner  group,  distributed  to  the  mucous  membrane  of 
the  upper  third  of  the  septum;  a  middle  group,  to  the 
upper  portion  of  the  nasal  fossse;  and  an  outer  group  to 
the  mucous  membrane  covering  the  superior  and  middle 
turbinated  bones  and  a  portion  of  the  ethmoid. 

The  mode  of  termination  of  the  olfactory  nerves  differs 
from  that  of  the  ordinary  sensory  nervea,  and  is  peculiar 
and  characteristic,  as  it  is  in  the  other  organs  of  speci^^ 
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mucous  membrane  contains  peculiar  terminal  nerve-ce  Is 
called  the  olfactory  cells,  which  are  situated  between  the 
cells  of  epithelium.  These  are  long,  delicate,  spind  e- 
shaped  stiuctures,  varicose,  each  one  containing  a  clear, 
round  nucleus.  The  appearance  of  these,  which  are  con- 
sidered as  the  true  olfactory  organs,  is  represented  m  Fig. 
234.  In  the  frog,  there  is  a  fine,  hair-like  process  prelecting 
from  each  cell  beyond  the  raucous  membrane  which  has 
V      Tiio  oTf.nf  flplicacv  of  the  structures  enter- 

mhiation  of  its  nervous  filaments  exceedingly  difficult. 

nr  Tf  ;o  olmri'st-  certain  that  theolfao- 

Properties  and  Functions  of  the  Olfactory  f  J^f  .-J'^J^f^™!!'^  belonging  to  the 
tory  nerves  possess  none  of  the  general  properties  °  ^^^^^^^^^         ,f  3„ell  alone, 

cerebro-spinal  system,  but  that  they  are  ^^-i^^f^J  *  ^  g^^^^^    coming  from  the 
As  far  as  wo  know,  no  one  has  exposed  «nd  operated  u,^n    e  h  a  ^^^^ 
olfactory  bulbs  and  distributed  to  the  pituitary  membrane  m  g 


According  to  recent  observations,  the  olfactory 


Fis.  Terminal  fllamenis  of  the 
olfactory  nerves;  magmfiea  <iO 
diameters.  (KoUiker.) 

1,  from  the  frog.-ff,  epithelial  cells  of 
the  olfactory  region;  6  olfactory 
cells  2.  small  branch  of  the  olfac- 
tory nerve  of  the  frog,  separating  at 
one  end  into  a  brush  of  varicose 
fibrils.  3,  olfactory  ceU  ol  the  sheep. 
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ments  upon  the  nerves  behind  the  olfactory  bulbs  show  that  they  are  entirely  insensible 
to  ordinary  impressions.  Attempts  have  been  made  to  demonstrate,  in  the  human  sub- 
ject, the  special  properties  of  these  nerves,  by  passing  a  galvanic  current  through  the 
nostrils;  but  the  situation  of  the  nerves  is  such  that  these  observations  are  of  necessity 
indefinite  and  unsatisfactory.  On  one  or  two  occasions,  in  witnessing  surgical  operations 
upon  the  upper  part  of  the  nasal  fossaa,  we  have  been  struck  with  the  exceedingly  dull 
sensibility  of  its  mucous  membrane. 

The  question  as  to  whether  or  not  the  olfactory  nerves  endow  the  membrane  of  the 
nasal  fosste  with  the  sense  of  smell  hardly  demands  discussion  at  the  present  day.  Jt 
must  be  evident  to  any  one  who  reads  the  experiments  of  Magendie,  in  which  he  at- 
tempted to  show  that  the  sense  of  smell  was  retained  after  division  of  these  nerves,  that 
he  confused  the  general  sensibility  of  the  parts  with  the  peculiar  impressions  of  odors; 
and  the  cases,  especially  the  one  reported  by  Bernard,  in  the  human  subject,  in  which  it 
was  supposed  that  the  olfactory  sense  existed  notwithstanding  congenital  absence  of  the 
olfactory  nerves  and  bulbs,  are  by  no  means  satisfactory,  in  view  of  the  numerous  in- 
stances in  which  precisely  the  opposite  has  been  observed. 

Among  the  numerous  experiments  upon  the  higher  orders  of  animals,  in  which  the 
olfactory  nerves  have  been  divided,  we  may  cite,  as  open  to  no  objections,  those  of  Vul- 
pian  and  Philipaux,  upon  dogs.  It  is  well  known  that  the  sense  of  smell  is  usually  very 
acute  in  these  animals.  Upon  dividing  or  extirpating  the  olfactory  bulbs,  "  after  the 
animal  had  completely  recovered,  it  was  deprived  of  food  for  thirty-six  or  forty-eight 
hours ;  then,  in  its  absence,  a  piece  of  cooked  meat  was  concealed  in  a  corner  of  the 
laboratory.  Animals,  successfully  operated  upon,  then  taken  into  the  laboratory,  never 
found  the  bait ;  and  nevertheless,  care  had  been  taken  to  select  hunting-dogs."  This 
experiment  is  absolutely  conclusive ;  more  so  than  those  in  which  animals  deprived  of 
the  olfactory  bulbs  were  shown  to  eat  fgeces  without  disgust,  for  this  sometimes  occurs  in 
dogs  that  have  not  been  mutilated. 

Comparative  anatomy  shows  that  the  olfixctory  bulbs  are  generally  developed  in  pro- 
portion to  the  acuteness  of  the  sense  of  smell.  Pathological  facts  also  show,  in  the 
human  subject,  that  impairment  or  loss  of  the  olfactory  sense  is  coincident  with  injury 
or  destruction  of  these  ganglia.  Numerous  cases  have  been  reported  in  which  the  sense 
of  smell  was  lost  or  impaired  from  injury  to  the  olfactory  nerves.  In  nearly  all  of  the 
cases  on  record,  the  general  sensibility  of  the  nostrils  was  not  affected.  In  1864,  we  had 
an  opportunity  of  examining  the  following  very  remarkable  case  of  gunshot  wound  of  the 
head,  in  which,  among  other  injuries,  the  sense  of  smell  was  destroyed: 

The  patient  was  a  soldier,  twenty-three  years  of  age,  who  was  shot  through  the  head 
with  a  rifle-ball.  May  3,  1863.  The  ball  entered  on  the  left  side,  li  inch  behind  and  |- 
of  an  inch  below  the  outer  canthus  of  the  eye,  emerging  at  nearly  the  corresponding 
point  on  the  opposite  side.  Small  pieces  of  bone  were  discharged  from  time  to  time  for 
three  months  from  openings  in  the  posterior  nares  and  the  throat.  He  was  examined 
May  10,  1864,  when  the  wounds  had  healed  with  falling  in  of  the  face  over  the  left 
malar  and  nasal  bones.  He  had  then  entirely  lost  the  power  of  distinguishing  odors. 
Upon  applying  acetic  acid  to  the  nostrils,  he  stated  that  he  felt  a  prickling  sensation,  but 
no  odor.  Dilute  ammonia  produced  a  warm  sensation.  Chloroform  gave  no  sensation, 
lie  had  no  sensation  from  the  emanations  of  flowers.  There  was  loss  of  general  sensi- 
bility of  the  nasal  mucous  membrane  on  the  left  side,  with  diminished  sensibility  on  the 
right  side.  He  had  a  sensation,  not  very  definite,  when' in  water-closets,  where  (as  he 
was  told)  the  odor  was  very  offensive,  but  he  experienced  no  sensation  unless  the  emana- 
tions were  very  powerful.  Before  entering  the  army,  he  was  a  photographer  by  trade 
and  was  familiar  with  the  odors  of  acetic  acid  and  ammonia.  In  this  case,  it  is  almost 
certain  that  the  olfactory  nerves  had  been  divided,  although  other  injuries  undoubtedlv 
existed.  ^ 
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3Iechanism  of  Olfaction. 

There  can  be  no  doubt  at  the  present  day  with  regard  to  the  mechanism  of  the  sense 
of  smell.  Substances  endowed  with  odorous  properties  give  off  material  emanations, 
which  must  come  in  contact  with  the  olfactory  membrane  before  their  jK'Cuhar  odor  is 
appreciated.  As  we  have  seen,  this  membrane  is  situated  high  up  in  the  nostrils,  is 
peculiarly  soft,  is  provided  with  numerous  glands,  by  the  secretions  of  which  its  surface 
is  kept  in  proper  condition,  and  it  possesses  the  peculiar  nerve-terminations  of  the  olfac- 
tory filuiiients. 

In  experimenting  upon  the  sense  of  smell,  it  has  been  found  quite  difficult  to  draw  the 
exact  lino  of  distinction  between  impressions  of  general  sensibility  and  those  Avhich  attack 
the  special  sense,  or,  in  other  words,  between  irritating  and  odorous  emanations;  and 
the  vapors  of  ammonia,  acetic  acid,  nitric  acid,  etc.,  undoubtedly  possess  irritating 
properties  whicli  greatly  overshadow  their  odorous  qualities.  It  is  unnecessary,  in  this 
connection,  to  discuss  the  different  varieties  of  odors  recognized  by  some  of  the  earlier 
writers,  as  the  fragrant,  aromatic,  fetid,  nauseous,  etc.,  distinctions  sufficiently  evident 
from  their  mere  enumeration ;  and  it  is  plain  enough  that  there  are  emanations,  like 
those  from  delicately-scented  flowers,  which  are  easily  recognizable  by  the  sense  of 
smell  while  they  make  no  impression  upon  the  ordinary  sensory  nerves.  The  very 
marlced  individual  differences  in  the  delicacy  of  the  olfactory  organs  in  the  human  sub- 
ject and  in  different  animals  is  an  evidence  of  this  fact.  Hunting-dogs  recogmze  odors 
to  which  we  are  absolutely  insensible ;  and  certain  races  of  men  are  said  to  possess  a 
wonderful  delicacy  of  the  sense  of  smell.  Like  all  of  the  other  special  senses,  olfaction 
may  be  cultivated  by  attention  and  practice,  as  is  exemplified  in  the  delicate  discrimma- 
tion  of  wines,  qualities  of  drugs,  etc.,  by  experts. 

After  what  we  have  said  concerning  the  situation  of  the  true  olfactory  membrane  in 
the  upper  part  of  the  nasal  fossro  and  the  necessity  of  particles  impinging  upon  this  mem- 
brane in  order  that  their  odorous  properties  may  be  appreciated,  it  is  almost  unnecessary 
.  to  state  that  the  passage  of  odorous  emanations  to  this  membrane  by  inspiring  through 
the  nostrils  is  essential  to  olfaction,  so  that  animals  or  men,  after  division  of  the  trachea 
being  unable  to  pass  the  air  through  the  nostrils,  are  deprived  ot  the  sense  of  smell.  _  The 
act  of  inhalation  through  the  nose,  when  we  wish  to  appreciate  a  part.culai-  odor,  is  an 
illustration  of  the  mechanism  by  which  the  odorous  particles  may  be  brought  at  amU  in 

contact  with  the  olfactory  membrane.  .111  f.Any, 

It  is  a  curious  point  to  determine  whether  the  sense  of  smel  be  affected  by  odois 
passing  from  withm  outward  through  the  nasal  fossa3.  Persons  who  have  offensive  ema- 
Ss  from  the  respiratory  organs  usually  are  not  aware,  from  their  own  -n-t-n, 
of  any  disagreeable  odor.  This  fact  is  explained  by  Longet  on  the  supposition  tha  the 
olfactory  membrane  becomes  gradually  accustomed  to  the  odorous  impression,  and  there- 
Le  it  is  not  appreciated.  This  is  an  apparently  satisfactory  explanation,  for  we  could 
hardly  supposeThat  the  direction  of  the  emanations,  provided  they  -^^^^^^f^^^ 
the  membrane,  could  modify  their  effects.  He  cites  a  f  ^^^^/^  ^^.^  ^^^^^ 
in  which  the  ;omited  matters  were  exceedingly  fetid.  At  first  the  P«t^«^  -j  hen  he 
expTred  the  gases  from  the  stomach  through  the  nostrils,  perceived  a  disagreeable  odoi  at 
each  expiration  ;  but  little  by  little  this  impression  disappeared. 

Eelations  of  Olfaction  to  tke  Sense  of  Ta.^..-The  relations  °f  f  V-;^^;;^^.*'; 
gustation  are  very  intimate.    In  the  appreciation  0  ^<^l^°f  sepa- 
Lown  that  the  sense  of  olfaction  plays  so  ^l-^'  -^^^^^^f/^ se  wh^^^ 
rated  from  gustation.    The  common  practice  of  holdmg  the         J"     .    .  3,^,^^. 
remedies  are  swallowed  is  another  illustration  of  the  '^^^'f^!''';'Z^J^'^^^^^^ 
In  most  cases  of  anosmia,  there  is  mabihty  to  ilTs'  ^ 

can  distinguish  by  the  taste  only  sweet,  saline,  acid,  and  bittei  impressions. 


GUSTATION. 
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It  is  untloubtcdly  true  that  we  lose  tlio  delicacy  of  the  sense  of  taste  when  the  sense 
of  smell  is  abolished.  The  experiment  of  tasting  wines  blindfolded  and  with  the  nostrils 
plugged,  and  the  partial  loss  of  taste  daring  a  severe  coryza,  are  suiBciently  familiar  illus- 
trations of  this  fact.  In  the  great  majority  of  cases,  when  there  is  complete  anosmia,  the 
taste  is  sensibly  impaired;  and,  in  cases  in  which  this  does  not  occur,  it  is  probable 
that  the  savory  emanations  pass  from  the  mouth  to  the  posterior  portion  of  the  nasal 
foss£B,  and  that  here  the  mucous  membrane  is  not  entirely  insensible  to  special  impres- 
sions. 

It  is  unnecessary,  in  this  connection,  to  describe  fully  the  reflex  phenomena  which  fol- 
low impressions  made  upon  the  olfactory  membrane.  The  odor  of  certain  sapid  sub- 
stances, under  favorable  conditions,  will  produce  an  abundant  secretion  of  saliva  and  even 
of  gastric  juice,  as  has  been  shown  by  experiments  upon  animals.  Other  examples  of  the 
effects  of  odorous  impressions  of  various  kinds  are  sufficiently  familiar. 

Gustation. 

The  special  sense  of  taste  enables  us  to  appreciate  what  is  known  as  the  savor  of  cer- 
tain substances  introduced  into  the  mouth ;  and  this  sense  exists,  m  general  terms,  in 
parts  supplied  by  filaments  from  the  lingual  branch  of  the  fifth  and  the  glosso-pharyngeal 
nerves. 

It  is  somewhat  difiicult  to  define  precisely  what  is  meant  by  savory  substances.  The 
word  savory  is  frequently  used  so  as  to  include  the  quality  of  odor ;  and,  indeed,  the 
senses  of  gustation  and  olfaction  are  quite  closely  connected.  Almost  all  substances  that 
affect  the  sense  of  taste  possess  a  certain  odor,  and  taste  and  smell  are  thus  simultaneously 
impressed.  Medicinal  articles  of  a  disagreeable  taste  may  sometimes  be  swallowed  with- 
out making  a  very  disagreeable  impression,  if  the  nares  be  closed.  Again,  when  the 
nares  are  closed  or  when  the  sense  of  smell  is  rendered  obtuse  by  an  affection  of  the 
Schneiderian  membrane,  it  is  difficult  to  distinguish  delicate  shades  of  flavor,  as  the  differ- 
ences in  wines.  This  is  a  matter  of  common  observation  and  remark.  There  are,  also, 
certain  articles  which  have  a  repulsive  odor,  the  taste  of  which  is  not  disagreeable,  such 
as  some  varieties  of  old  cheese.  As  a  rule,  however,  articles  agreeable  to  the  taste  pos- 
sess an  agreeable  odor,  and  the  senses  of  taste  and  smell  are  not  easily  separated  from 
each  other.  These  facts  have  led  to  a  distinction — which  cannot,  however,  be  always 
made  with  accuracy — between  true  tastes  and  flavors.  It  is  assumed  by  some  physiolo- 
gists, that  the  true  tastes  are  quite  simple,  presenting  the  qualities  which  we  recognize  as 
sweet,  acid,  saline,  and  bitter ;  while  the  more  delicate  shades  of  what  are  called  flavors 
nearly  always  involve  olfactory  impressions,  which  it  is  difiScult  to  separate  entirely  from 
gustation. 

If  we  apply  the  term  savor  exclusively  to  the  quality  which  makes  an  impression  upon 
the  sense  of  taste,  we  recognize  that  the  sensation  is  special  in  its  character  and  different 
from  the  tactile  sensibility  of  the  parts  involved  and  from  the  sensation  of  temperature. 
The  terminal  filaments  of  the  gustatory  nerves  ure  impressed  by  the  actual  contact  of 
savory  substances,  which  must,  of  necessity,  be  soluble.  To  a  certain  extent,  there  is  a 
natural  classification  of  savors,  some  of  which  are  agreeable,  and  others  disagreeable ;  but 
even  this  distinction  is  modified  by  habit,  education,  and  various  other  circumstances. 
Articles  that  are  unpleasant  in  early  life  often  become  agreeable  in  later  years.  Inasmuch 
as  the  taste  is,  to  some  extent,  an  expression  of  the  nutritive  demands  of  the  system,  it  is 
found  to  vary  under  different  conditions.  Chlorotic  females,  for  example,  frequently 
crave  the  most  unnatural  articles,  and  these  morbid  tastes  may  disappear  under  appro- 
priate treatment.  Inhabitants  of  the  frigid  zones  seem  to  crave  fatty  articles  and  will 
even  drink  rancid  oils  with  avidity.  Patients  often  become  accustomed  to  the  most  dis- 
agreeable remedies  and  take  them  without  repugnance.  Again,  the  most  savory  dishes 
may  even  excite  disgust,  when  the  sense  of  taste  has  become  cloyed,  while  abstinence 
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sometimes  lends  a  delicious  flavor  to  tho  simplest  articles  of  food.  Tlie  taste  for  certain 
articles  is  certainly  acquired,  and  this  is  almost  always  true  of  tobacco,  now  so  largely 
used  in  civilized  countries. 

Any  thing  more  than  tho  simplest  classification  of  savors  is  difficult,  if  not  impossible. 
We  recognize  that  certain  articles  are  bitter  or  sweet,  empyreumatic  or  insipid,  acid  or 
alkaline  etc.,  but,  beyond  these  simple  distinctions,  the  shades  of  difference  are  closely 
connected  with  olfaction  and  are  too  delicate  and  numerous  for  detailed  description. 
Many  persons  are  comparatively  insensible  to  nice  distinctions  of  taste,  while  others  recog- 
nize with  facility  the  most  delicate  differences.  Strong  impressions  may  remove,  for  a 
time,  the  appreciation  of  less  powerful  and  decided  flavors.  Tho  tempting  of  the  appetite 
by  a' proper  gradation  of  gustatory  and  odorous  impressions  is  illustrated  in  the  modern 
cuisine,  which  aims  at  an  artistic  combination  and  succession  of  dishes  and  wines,  so  that 
the  agreeable  sensations  are  prolonged  to  the  utmost  limit.  This  may  often  be  regarded 
as  a  violation  of  strictly  hygienic  principles,  but  it  none  the  less  exemplifies  the  cultiva- 
tion of  the  sense  of  taste. 

In  discussing  the  physiology  of  taste,  we  shall  avoid  an  elaborate  and  artificial  classi- 
fication of  savory  articles,  and  shall  use  the  terms  sweet,  acid,  bitter,  etc.,  as  they  dre 
commonly  understood.  We  shall  first  describe  the  physiological  anatomy  and  properties 
of  the  gustatory  nerves,  and  then  consider  the  mechanism  of  gustation,  the  special  organs 
of  taste,  and  the  probable  mode  of  connection  between  the  organs  of  taste  and  the  nerves. 

Mnes  of  Taste.— Two  nerves,  the  chorda  tympani  and  the  glosso-pbaryngeal,  preside 
over  the  sense  of  taste.  These  nerves  seem  to  be  distributed  to  distinct  portions  of  the 
gustatory  apparatus  and  to  have  somewhat  different  functions.  The  chorda  tympani  has 
already  been  referred  to  as  one  of  the  branches  of  the  facial ;  the  glosso-pbaryngeal,  one 
of  the  nerves  of  the  eighth  pair,  lias  not  yet  been  described. 

Chorda  Tympani.— In  the  description  we  have  given  of  the  facial,  the  chorda  tympani 
is  spoken  of  as  the  fourth  branch.  It  passes  through  the  tympanum,  between  the  ossicles 
of  the  ear,  and  joins  the  inferior  maxillary  division  of  tlie  fifth,  at  an  acute  angle,  between 
the  two  pterygoid  muscles,  becoming  so  closely  united  with  it  that  it  cannot  be  followed 
farther  by  ordinary  dissection.  (See  Eig.  202,  p.  622.)  It  is  impossible  to  detei-mme  with 
certainty  from  what  root  the  filaments  of  this  branch  derive  their  origin  whether  from 
the  main  trunk  or  the  intermediary  nerve  of  Wrisberg ;  but  experiments  have  shown  that 
it  possesses  functions  entirely  distinct  from  those  of  the  other  branches  of  the  facial  ^he 
lingual  branch  of  the  inferior  maxOlary  division  of Jhe  fifthhasbe^^  gustatory 
mr-l^¥is  ;El?ror  •  •  forras  we  Bhalfsee,  the  fifth  has  nothing  to  do  with  gusta- 


KrnnAh  •  but  this  is  an  error  :   ,  -  .     ,  i 

tion,  except  that  it  is  Jomed  with  filaments  of  the  chorda  tympani,  which  reach  the  tongue 
through  the  lingual  branch.  „     ,,  .  i     •  •„„,! 

As  regards  the  course  of  the  filaments  of  the  chorda  tympam  after  this  nerve  has  joined 
the  fifth,  there  can  be  no  doubt,  both  from  the  effect  upon  taste  and  '^^j'^';*;"^^^ 
the  nervlfibres  following  its  division.  Vulpian  and  Prevost,  by  the  so-called  Wall  nan 
method,  after  dividing  the  chorda  tympani,  found  degenerated  fibres  at  the  termm  t  ons 
of  the  Ungual  branch  of  the  fifth  in  the  mucous  membrane  of  the  tongue,  the  fibres  b  ing 
X  mlned'ten  days  or  more  after  the  section.  It  is  well  known  that,  ^  Bumber  of  d^^^^ 
after  the  section  of  a  nerve,  its  fibres  of  distribution  -'^-'S^  f^^-?!^f '  ^^^^^^^ 
tions  leave  no  doubt  of  the  fact  that  the  chorda  tympam  is  really  J^*  J  .^^^^^ 

mucous  membrane.  Observations  upon  the  sense  of  taste  show  that  the  chorda  tympam 
is  distributed  to  about  the  anterior  two-thirds  of  the  tongue  .    ,  ,  ^^3^,^^. 

The  general  properties  of  tbe  chorda  tympani  ^^^^^^^^^^^^^  ^^T^t^ 
tions  made  after  its  paralysis  or  division.    All  expouments  in  c 
applied  directly  to  the  nerve  in  living  animals  have  been       '^^  ^^J-;;;     /^^f  1 
Longet  states  that,  when  the  nerve  has  been  isolated  as  comp  etoly  as  possible  and  all 
reflex  action  is  excluded,  its  galvanization  produces  no  movement  in  the  tongue. 
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It  is  now  establishod  beyond  question  that,  in  cases  of  facial  palsy  in  wliicli  the  lesion 
afifects  the  root  so  deeply  as  to  involve  the  chorda  tympani,  there  is  loss  of  taste  in  the 
anterior  two-thirds  of  the  tongue,  tactile  sensibility  being  unaffected;  and  numerous 
cases  illustrating  this  fact  have  been  cited  by  various  authors.  Aside  from  cases  of 
paralysis  of  the  facial  with  impairment  of  taste,  in  which  the  general  sensil)ility  of  the 
tongue  is  intact,  numerous  instances  are  on  record  of  affections  of  the  fifth  pair,  in  which 
the  tongue  is  absolutely  insensible  to  ordinary  impressions,  the  sense  of  taste  being  pre- 
served. A  number  of  such  cases  have  been  reported,  which  show  conclusively  that  the 
fifth  pair  presides  over  general  sensibility  only,  and  that  it  is  no_t  a  gustatory  nerve,  excei^t 
by  virtue  of  filaments  derived  from  the  chorda  tympani. 

Passing  from  the  consideration  of  pathological  cases  to  experiments  upon  living  am- 
mals,  the  results  are  equally  satisfactory.  Although  it  is  somewhat  difficult  to  observe 
impairment  of  taste  in  animals,  Bernard  and  others  have  succeeded  in  training  dogs  and 
cats  so  as  to  observe  the  effects  of  colocynth  and  various  sapid  substances  applied  to  the 
tongue.  In  a  great  number  of  experiments  of  this  kind,  it  has  been  observed  that,  after 
section  of  the  chorda  tympani  or  of  the  facial  so  as  to  involve  the  chorda  tympani,  the 
sense  of  taste  is  abolished  in  the  anterior  two-thirds  of  the  tongue  on  the  side  of  the  sec- 
tion. However  this  result  may  be  explained,  the  fact  remains,  that  section  of  the  nerve 
in  the  lower  animals  is  followed  by  the  same  results  as  those  observed  in  pathological 
observations.  In  a  remarkable  case  reported  by  Moos,  the  introduction  of  an  artificial 
membrana  tympani  was  followed  by  loss  of  taste  upon  the  corresponding  side  of  the 
tongue,  and  upon  both  sides,  when  a  membrane  was  introduced  into  each  ear.  This  dis- 
appeared when  the  membranes  were  removed,  and  the  phenomena  were  referred  to 
pressure  upon  the  chorda  tympani.  Experimenters  are  somewhat  at  variance  with 
regard  to  the  effects  observed  upon  animals,  some  asserting  that  the  sensations  of  taste 
are  simply  delayed  in  their  manifestation  ;  but  we  must  remember  the  difficulty  of  such 
observations,  and  we  are  to  rely  mainly  upon  the  unmistakable  phenomena  noted  in 
cases  of  affection  of  the  chorda  tympani  in  the  human  subject. 

It  seems  tolerably  certain,  first,  that  the  gustatory  filaments  of  the  lingual  branch  of 
the  fifth  are  derived  exclusively  from  the  chorda  tympani ;  second,  that  the  chorda  tym- 
pani, viewed  as  a  gustatory  nerve,  is  really  a  branch  of  the  facial ;  third,  that  many  cases 
of  paralysis  of  the  entire  large  root  of  the  fifth,  in  the  human  subject,  present  loss  of 
general  sensibility  in  the  tongue  and  no  alteration  of  taste ;  and  fourth,  that  paralysis  ot 
the  facial,  behind  the  origin  of  the  chorda  tympani,  is  attended  with  loss  of  taste  in  the 
anterior  two-thirds  of  the  tongue,  without  any  affection  of  the  general  sensibility  of  this 
organ. 

As  a  summary  of  our  knowledge  regarding  the  gustatory  properties  of  the  anterior 
two-thirds  of  the  tongue,  certainly  in  the  human  subject,  it  may  be  stated  without 
reserve,  that  these  properties  depend  upon  the  chorda  tympani,  its  gustatory  filaments 
being  derived  from  the  facial  and  taking  their  course  to  the  tongue  with  the  lingual 
branch  of  the  inferior  maxillary  division  of  the  fifth.  In  addition,  the  lingual  branch  of 
the  fifth  contains  filaments,  derived  from  the  large  root  of  this  nerve,  which  endow  the 
mucous  membrane  with  general  sensibility. 

Glosso-Pharyngeal  Nene  {First  Division  of  the  Eighth). — The  glosso-pharyngeal  is 
distributed  to  those  portions  of  the  gustatory  nmcous  membrane  not  supplied  by  filaments 
from  the  chorda  tympani.  It  is  undoubtedly  a  nerve  of  taste ;  and  the  question  of  its 
other  functions  will  be  fully  considered  in  connection  with  its  general  properties,  as  well 
as  the  differences  between  this  nerve  and  the  chorda  tympani.  We  have  mentioned  this 
nerve  in  another  chapter  as  the  first  division  of  the  eighth  pair  according  to  the  classifi- 
cation of  Willis,  but  we  have  to  treat  of  its  physiological  anatomy  in  this  connection,  as 
its  most  important  function  is  in  connection  with  gustation. 

Physiological  Anatomy  of  the  Glosso-Pharyngeal— The  apparent  origin  of  the  glosso- 
pharyngeal is  from  the  groove  between  the  lateral  tracts  of  the  medulla  oblongata  and 
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the  inferior  peduncle  of  tlie  cerebellum,  between  the  roots  of  tlie  auditory  nerve  above 
and  the  pnoumogustric  below.  A  number  of  its  filaments  of  origin  come  from  the 
medulla  and  a  portion  from  the  peduncle.  The  deep  origin  is  nearly  the  same  as  that  of 
the  pnoumogastrio,  its  filaments  arising  primarily  from  the  gray  substance  of  the  medulla 
oblongata.  From  this  origin,  the  filaments  pass  forward  and  outward  to  the  posterior 
foramen  lacerum,  which  tlio  nerve  enters  in  company  with  the  pneumogastric,  the  spinal 
accessory,  and  the  internal  jugular  vein.  At  the  upper  portion  of  the  foramen,  is  a  small 
ganglion,  the  jugular  ganglion,  including  only  a  portion  of  the  root.  Within  the  foramen, 
is  the  main  ganglion,  including  all  of  the  filaments  of  the  trunk,  called  the  petrous  gan- 
glion, or  the  ganglion  of  Andersch,  after  the  anatomist  by  whom  it  was  first  described. 

At  or  near  the  ganglion  of  Andersch,  the  glosso-pharyngeal  usually  receives  a  delicate 
filament  from  the  pneumogastric.  This  communication  is  sometimes  wanting.  The 
same  may  be  said  of  a  small  filament  passing  to  the  glosso-pharyngeal  from  the  facial, 
which  is  not  constant.  Branches  from  the  glosso-pharyngeal  go  to  the  otic. ganglion  and 
to  the  carotid  plexus  of  the  sympathetic. 
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Fig.         Glosso-pharyngeal  nerve.  (Sappey.) 

nerve;  11,  submaxUlary  ganglion;  12,  mylo-hymd  branch  of  the^^^^^^^^^  g„nfflion  of  An- 

digastric  muscle ;  14,  section  of      my'^-liy"  i'^^f  1'     '  \?iT2Sx^  aZ  m  Zlo-pharyngeus  muscles : 

2i,  25i  26, 27, 2S,  sublingual  nerve  and  branches.  .■       ^,  , 

The  distribution  of  the  glosso-pharyngeal  is  q^e  expensive.    The  W^^^" 
the  nerve  of  Jacobson,  arises  from  the  anterior         external  par  <^f  the  gangl^^^^^^ 
Andersch,  and  enters  the  cavity  of  the  tympanum,  where  ,t  dn.de  '^^^J^^^^^^^ 
Of  these  six  branches,  two  posterior  are  distributed  to  the  mucous  ^^^^^  .^ 
fenestra  rotunda  and  the  membrane  surrounding  the  fenestra  oval  is ;  t^vo  anterior  are 
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distributed,  one  to  the  carotid  canal,  -where  it  anastomoses  with  a  branch  from  the  supe- 
rior cervical  ganglion,  and  the  other  to  the  mucous  membrane  of  the  Eustachian  tube ; 
two  superior  branches  arc  distributed  to  the  otic  ganglion  and,  as  is  stated  by  some  anat- 
omists, to  the  spheno-palatiue  ganglion. 

A  little  below  the  posterior  foramen  lacerum,  the  glosso-pharyngcal  sends  branches 
to  the  posterior  belly  of  the  digastric  and  to  the  stylo-hyoid  muscle.  There  is  also  a 
branch  wliich  joins  a  lilament  from  the  facial  to  the  stylo-glossus. 

Opposite  the  middle  constrictor  of  the  pharynx,  three  or  four  branches  join  branches 
from  the  pneumogastric  and  the  sympathetic  to  form  together  the  pharyngeal  plexus. 
This  plexus  contains  numerous  ganglionic  points,  and  filaments  of  distribution  from  the 
three  nerves  go  to  the  mucous  membrane  and  to  the  constrictors  of  the  pharynx.  Prob- 
ably, the  mucous  membrane  is  supplied  by  the  glosso-pharyngeal.  As  we  have  stated  in 
another  chapter,  it  is  probable  that  the  muscles  of  the  pharynx  are  sup])lied  by  filaments 
from  the  pneumogastric,  which  are  originally  derived  from  the  spinal  accessory. 

Near  the  base  of  the  tongue,  branches  are  sent  to  the  mucous  membrane  covering  the 
tonsils  and  the  soft  palate. 

The  lingual  branches  penetrate  the  tongue  about  midway  between  its  border  and 
centre  and  are  distributed  to  the  mucous  membrane  at  its  base,  being  probably  connected 
with  the  papillte. 

General  Properties  of  the  Glosso-PJiaryngeal. — As  in  the  case  of  other  sensory  nerves 
emerging  from  the  cranial  cavity,  it  is  important,  in  studying  the  general  properties  of 
the  glosso-pharyngeal,  to  make  our  observations  under  certain  conditions.  First,  it  must 
be  remembered  that  this  nerve  contracts  anastomoses  a  short  distance  from  its  origin. 
xVs  we  desire  to  know  tbe  properties  of  the  original  filaments  of  the  nerve,  we  must 
operate  upon  it  before  it  has  received  communicating  fibres.  Next,  in  irritating  sensory 
nerves,  we  are  liable  to  produce  reflex  contractions.  To  avoid  this,  the  nerve  must  be 
divided,  when  the  reflex  contractions  will  only  follow  stimulation  of  the  central  end.  It 
is  probably  from  a  neglect  of  these  essential  experimental  conditions,  that  the  results  of 
direct  observation  have  been  so  discordant  in  the  hands  of  difierent  physiologists. 

To  begin  with,  we  shall  assume  that  the  glosso-pharyngeal  nerve  must  be  irritated  be- 
tween its  origin  and  the  ganglion  of  Andersch,  in  order  to  avoid  anastomosing  filaments 
from  motor  nerves,  and  that  the  nerve  must  be  divided  and  irritation  be  applied  to  its 
peripheral  end,  to  avoid  reflex  movements.  Assuming  these  conditions  as  essential,  we 
can  discard  most  of  the  earlier  experiments,  as  open  to  the  objections  we  have  mentioned. 
Longet,  operating  upon  horses  and  dogs,  after  removal  of  the  cerebral  lobes  and  division  of 
the  glosso-pharyngeal,  found  that  galvanization  of  the  peripheral  extremity  of  the  nerve 
did  not  produce  movements  of  the  palate  or  pharynx ;  and,  from  these  experiments,  he 
concludes  that  the  nerves  are  exclusively  sensory  at  their  roots,  or,  at  least,  that  they  do 
not  contain  motor  filaments.  In  another  chapter,  under  the  head  of  movements  of  the 
palate  and  uvula,  we  have  cited  in  detail  a  series  of  experiments  which  illustrate  the 
reflex  movements  of  the  velum  palati  through  the  facial,  produced  by  galvanization  of 
the  glosso-pharyngeal.  As  a  complement  to  the  flrst  experiments  of  Longet,  just  cited, 
the  same  observer  noted  contractions  of  the  pharyngeal  muscles  following  galvanization 
of  the  peripheral  end  of  the  divided  nerve  in  the  neck,  which  could  only  be  produced  by 
the  action  of  motor  anastomosing  filaments. 

As  regards  general  sensibility,  there  can  be  no  doubt  of  the  fact  that  the  glosso- 
pharyngeal is  sensory,  although  its  sensibility  is  somewhat  obtuse.  In  the  experiments  in 
which  tbe  nerve  has  seemed  to  be  insensible  to  ordinary  impressions,  it  is  probable  that 
the  animals  operated  upon  had  been  exhausted  more  or  less  by  pain  and  loss  of  blood  in 
the  operation  of  exposing  the  nerve,  which,  it  is  well  known,  abolish  the  sensibility  of 
some  of  the  nerves.  Longet  states  distinctly  that,  unless  the  animals  (dogs)  be  already 
exhausted  by  resistance  during  the  operation,  they  have  always  appeared  to  suffer  pain 
on  pinching  or  dividing  the  glosso-pharyngeal. 
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Exporinionts  upon  the  glosso-pharyngeal  are  not  very  deiinite  and  satisfuctory  in  tlieir 
results  as  regards  the  general  sensibility  of  the  base  of  the  tongue,  tlio  i)alate,  and  the 
pharynx.  The  sensibility  of  these  parts  seems  to  depend  chiefly  upon  branches  of  tlie  fifth 
passing  to  the  mucous  membrane  through  Meckel's  ganglion.  Experiments  show,  also, 
that  the  reflex  phenomena  of  deglutition  take  place  mainly  through  these  branches  of  tht 
fifth,  and  that  tlio  glosso-pharyngeal  has  httlo  or  nothing  to  do  with  the  process.  In  fact, 
after  division  of  both  glosso-pharyngeal  nerves,  deglutition  does  not  seem  to  be  aflfectcd. 

With  these  remarks,  we  dismiss  the  functions  of  the  glosso-pharyngeals  as  nerves  of 
general  sensibility  and  shall  consider  in  detail  their  relations  to  the  sense  of  taste. 

Relations  of  the  Glosso-Pharyngeal  Iferves  to  Ouatation.—Rdying  upon  experiments 
on  the  inferior  animals,  particularly  dogs,  it  seems  pretty  certain  that  there  are  two 
nerves  presiding  over  the  sense  of  taste :  The  chorda  tympani  gives  this  sense  to  the 
anterior  portion  of  the  tongue  exclusively,  probably  the  anterior  two-thirds ;  the  glosso- 
pharyngeal supplies  this  sense  to  the  posterior  portion  of  the  tongue ;  the  chorda  tympani 
seems  to  have  nothing  to  do  with  general  sensibility ;  while  the  glosso-pharyngeal  is  an 
ordinary  sensory  nerve,  as  well  as  a  nerve  of  special  sense. 

Where  there  are  such  differences  in  the  dehcacy  of  the  sense  of  taste  as  exist  usually 
in  different  individuals,  it  must  be  difficult  to  describe  with  accuracy  delicate  shades  of 
savor,  particularly  in  alimentary  substances ;  but  the  distinct  impressions  of  acidity  or 
bitter  quality  are  easily  recognizable.  It  is  certain,  however,  that  saline,  acid,  and  styptic 
castes  are  best  appreciated  through  the  chorda  tympani,  and  that  sweet,  alkaline,  bitter, 
and  metallic  impressions  are  received  mainly  by  the  glosso-pharyngeal. 

Meclianism  of  Gustation.— The  mode  in  which  sapid  substances  are  brought  in  con- 
tact with  the  organ  of  taste  is  so  sunple,  that  we  need  only  allude  to  it,  before  we  study 
the  anatomy  of  the  parts  directly  concerned  and  their  connections  with  the  terminal 
filaments  of  the  gustatory  nerves.  In  the  first  place,  the  articles  which  make  the  special 
impression  are  in  solution;  introduced  into  the  mouth,  they  increase  the  flow  of  saliva, 
the  reflex  action  involving  chiefly  the  submaxiUary  and  sublingual  glands;  there  is  usu- 
ally more  or  less  mastication,  which  increases  the  flow  of  the  parotid  saliva;  and,  durmg 
the  acts  of  mastication  and  the  first  stages  of  deglutition,  the  sapid  substances  are  dis- 
tributed over  the  gustatory  membrane,  so  much  so,  indeed,  that  it  is  difficult  to  exactly 
locate  the  seat  ot  the  special  impression.  In  this  way,  by  the  movements  of  the  tongue, 
aided  by  an  increased  flow  of  saliva,  the  actual  contact  of  the  savory  articles  is  rapidly 
effected  The  thorough  distribution  of  these  substances  over  the  tongue  and  the  mucous 
membrane  of  the  general  buccal  cavity  leads  to  a  certain  amount  of  confusion  in  our 
appreciation  of  the  special  impressions;  and,  in  order  to  ascertain  if  different  portions 
of  the  membrane  possess  different  properties,  it  is  necessary  to  make  careful  experiments 
linuting  the  points  of  contact  as  closely  as  possible.  This  has  been  done,  with  the  resul 
of  showing  that  the  true  gustatory  organ  is  quite  restricted  in  its  extent,  and,  as  such,  u 

demands  special  anatomical  description.  ,     .    ,     j   i    •  i„„:,ni 

Physiological  Anatomy  of  the  Organ  of  Taste.-Reeent  anatomical  and  physiolog  ca 
researches  have  shown  that,  at  least  in  the  human  subject,  the  organ  of  taste  is  probably 
confined  to  the  dorsal  surface  of  the  tongue.    When  we  examine  the  structure  of  ti  e 
mucous  membrane  of  the  mouth,  tongue,  and  palate,  we  find  that  the  upper  surfac  of 
the  tongue  presents  numerous  papfflre,  called,  in  contradistinction  to  ^'^^^'^^^J^^^; 
fungifoiTn  and  circumvallate.    These  are  not  found  on  its  under  surface  or  anyw  e  e 
except  on  the  superior  portion.    It  is  now  pretty  well  estabhshed  that  ^^^^^^ 
and  fungiform  papilla  alone  are  the  organs  of  taste.    Camerer,  in  some  recent  cxpen 
ml^up::  the^istatory  organs  by  the  apphcation  of  solutions  to  <^^^^^ 
fine  glass  tubes,  concluded  that  the  parts  around  a  papilla  have  no  gusta  ory  ^^n^b  lity  bu 
that  different   avors  can  be  distinguished  when  a  single  papilla  is  touched^   Jhese  obs^^^^ 
vations  give  a  new  importance  to  the  peculiar  papilla  of  the  tongue,  and  vn  e  therefore 
present  a  description  of  their  arrangement  and  structure. 
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In  Fig.  236,  which  represents  the  dorsal  surface  of  the  tongue,  the  large,  circumvallato 
papUlfD,  which  usually  number  from  seven  to  twelve,  are  seen  in  tlie  form  of  a  V,  occu- 
pying the  base  of  the  tongue.  The  fungiform  papillaj  are  scattered  over  the  surface  but 
are  most  numerous  at  the  point  and  near  the  borders."  Both  of  these  varieties  of  papilloa 
aro  distinguishable  by  the  naked  eye. 

The  circumvallate  papilloe  are  simply  enlarged  fungiform  papillfe,  each  one  surrounded 
l)y  a  circular  ridge,  or  wall,  and  covered  by  nunrerous  small,  secondary  papillaj.  The 
fimgiform  papillco  have  a  short,  thick  pedicle  and  enlarged,  rounded  extremities.  Accord- 


FiG.  l^&.—PapiUm  of  the  tongue.  (Sappey.) 
1, 1,  circnmvallate  papilte;  2,  median  circumvallato  papilla,  which  entirely  fills  the  foramen  ciBcnm;  3,  8,  3,  3,  fungi- 
form papilte ;  4,  4,  filiform  papilla; ;  5, 5,  vertical  folds  and  furrows  of  the  border  of  the  tongue ;  G,  0,  6,  6,  glands  at 
the  base  of  the  tongue  ;  7,  f,  tonsils;  8,  epiglottis;  9,  median  glosso-epiglottidean  fold. 

ing  to  Sappey,  from  one  hundred  and  fifty  to  two  hundred  of  these  can  easily  be  counted. 
These,  also,  present  secondary  papillae  on  their  surface.  When  the  mucous  membrane  of 
the  tongue  is  examined  with  a  low  magnifying  power,  particularly  after  maceration  in 
acetic  or  dilute  hydrochloric  acid,  their  structure  is  readily  observed.  They  are  abun- 
dantly supplied  with  blood-vessels  and  nerves. 

Tatte-Buda,  or  Taste-Beakers. — A  few  years  ago,  Lov6n  and,  a  little  later,  Schwalbo 
described,  under  these  names,  peculiar  structures,  which  are  supposed  to  be  the  true 
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organs  of  taste.  They  are  found  on  the  lateral  slopes  of  the  circumvallato  pa[)illa3  and 
occasionally  on  the  fungiform  papilloj.  The  structure  of  these  organs  is  very  sini])le. 
They  consist  of  flask-like  collections  of  spindle-shaped  cells,  which  are  received  into  little 
excavations  in  the  epithelial  coveriiig  of  the  mucous  membrane,  the  bottom  resting  upon 
the  connective-tissue  layer.    Their  form  is  ovoid,  and,  at  the  neck  of  the  flask,  is  a 


Fig.  23T. 


Fig.  288. 


Varieties  ofpapiUce  of  the  tonyue.  (Sappoy.) 
Fiff.  237.— Medium-sized  circiimvallate  papilla  :  1,  papilla,  the  base  only  being  apparent:  it  is  seen  that  the  base  is 
covered  mth  secondary  papillie ;  2,  groove  between  the  papilla  and  the  surrounding  wall ;  8, 3,  wall  of  the  papilla. 
Fig.  288. — Fungiform,  flliform,  and  hemispherical  papilte  :  1, 1,  two  fungiform  papilte,  covered  with  secondarj'  pa- 
pilliB-  2,2,  2,  flUform  papilla);  8, a  flliform  papilla,  the  prolongations  of  which  are  turned  outward;  4, a  filiform 

•■'  ■■     •         '         "   ^   "   "  — .J.i.  *i  fjli. 

between  the 


papilla,  with  vertical  prolongations  ;  5,  5,  small  filiform  papilla;,  with  the  prolongations  turned  inward ;  6, 
form  papilto,  with  striations  at  their  bases;  7,  7,  hemispherical  papillfe,  sUghtly  appai-ent,  situated  betwc 
fungiform  and  the  filiform  papilliE. 


rounded  opening,  called  tlie  taste-pore.  Their  length  is  from  ^  to  -g^^  and  their  trans- 
verse diameter,  about  -^^^  of  an  inch.  The  cavity  of  the  taste-beakers  is  filled  with  cells, 
of  which  two  kinds  are  described.  The  first  variety,  the  outer  cells,  or  the  cover-cells, 
are  spindle-shaped,  and  curved  to  correspond  to  the  wall  of  the  beaker.  These  come  to 
a  point  at  the  taste-pore.  In  the  interior  of  the  beaker,  are  elongated  cells,  with  large, 
clear  nuclei,  which  are  called  taste-cells.    It  is  supposed  that  nerve-fibrils  are  connected 

directly  with  these  cells.  As  far  as  we 
can  learn,  the  only  reason  why  these 
structures  are  connected  with  the  physi- 
ology of  gustation  is  on  account  of  their 
anatomical  relations  to  the  gustatory 
papilliB. 

It  now  remains  only  to  note  the  ulti- 
mate distribution  of  the  nerves  in  the 
gustatory  organ.  Upon  this  point,  ana- 
tomical researches  are  not  entirely  sat- 
isfactory. However,  the  following  de- 
scription, by  Elin,  may  be  regarded  as 
probably  correct,  although  the  facts 
have  not  been  absolutely  demonstrated. 
According  to  this  authority,  from  the  submucous  tissue,  small  nerve-branches  pass  per- 
pendicularly to  the  upper  layer  of  the  membrane.  These  fibres  have  a  vancose  appear- 
ance. In  the  most  superficial  layer  of  the  mucous  membrane,  there  is  a  net-work  of  fane, 
non-medullated  fibres ;  and,  from  this  net-work,  branches  follow  the  blood-vessels  mto  the 
papillfB  and  penetrate  the  epithelium.  Sometimes,  though  more  seldom  they  pass  mto 
the  epithelium  lying  between  the  papillm.  In  this  layer,  there  are  branches  which  end 
some  in  nerve-cells,  and  some  taking  a  winding  course  and  passing  mto  neighboring 


Pig.  28d.— Taste-buds  from  the  lateral  taste-organ  of  the 
rabbit.  (Engehnann.) 
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fibres.  These  descriptions  are  from  preparations  made  with  chloride  of  gold ;  but  the 
plates  by  which  they  are  illustrated  are  somewhat  unsatisfactory. 

According  to  the  views  of  those  who  have  described  the  so-called  taste-beakers,  sapid 
solutions  find  their  way  into  the  interior  of  these  structures  through  the  taste-pores  and 
come  in  contact  with  what  have  been  called  the  taste-cells,  these  structures  being  directly 
connected  with  the  terminal  filaments  of  the  gustatory  nerves. 


GHAPTEE  XXIV. 
r  1 81 01^. 

General  considerations — Physiological  anatomy  and  general  properties  of  the  ojitic  nerves— Physiological  anatomy  of 
the  eyeball — Sclerotic  coat— Cornea — Membrane  of  Deacemet,  or  of  Demours — Ligamentum  iridis  pectinatum — 
Choroid  coat — Ciliary  processes — Ciliary  muscle — Iris — Pupillarj'  membrane — Eetina — Crystalline  lens — Aqueous 
humor — Chambers  of  the  eye — Vitreous  humor— Summary  of  the  anatomy  of  the  globe — The  eye  as  an  optical 
instrument— Laws  of  refraction,  dispersion,  etc.,  bearing  upon  the  physiology  of  vision— Theories  of  Ught — Ee- 
fraction  by  lenses — Myopia  and  hypermetropia — Formation  of  images  in  the  eye — Mechanism  of  refraction  in  the 
eye — Astigmatism — Movements  of  the  iris — Direct  action  of  light  upon  the  iris — Action  of  the  nervous  system  upon 
the  iris — Mechanism  of  the  movement?  of  the  iris — Accommodation  of  the  eye  to  vision  at  different  distances — 
Changes  in  the  crystalline  lens  in  accommodation — Action  of  the  ciUary  muscle — Changes  in  the  ii'is  In  accom- 
modation— Erect  impressions  produced  by  images  inverted  upon  the  retina — Single  vision  with  both  eyes — Cor- 
responding points — The  horopter — Appreciation  of  distance  and  of  the  form  of  objects — Mechanism  of  the  stereo- 
scope— Duration  of  luminous  impressions— Irradiation— Movements  of  the  eyeball — Muscles  of  the  eyeball — Parts 
for  the  protection  of  the  eyeball — EyeUds — Muscles  which  open  and  close  the  eyelids — Conjunctival  mucous 
membrane— Lachrymal  apparatus— Composition  of  the  tears. 

The  chief  important  points  to  be  considered  in  the  physiology  of  vision  are  the  fol- 
lowing : 

1.  The  physiological  anatomy  and  the  general  properties  of  the  optic  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to  correct  vision. 

3.  The  laws  of  refraction,  diffusion,  etc.,  bearing  upon  the  physiology  of  vision. 

4.  The  action  of  the  different  parts  of  the  eye  in  the  production  and  appreciation  of 
correct  images. 

5.  Binocular  vision. 

6.  The  physiological  anatomy  and  the  functions  of  accessory  parts,  as  the  muscles 
which  move  the  eyeball. 

7.  The  physiological  anatomy  and  the  fimctions  of  the  parts  which  protect  the  eye,  as 
the  lachrymal  glands,  eyelids,  etc. 

Physiological  Anatomy  of  the  Optic  N'enes.—Tho,  optic  nerves,  or  optic  tracts,  take 
their  origin,  each  by  two  principal  roots  of  white  matter  and  a  few  filaments  from  what  is 
described  as  the  gray  root,  chiefly  from  the  tubercula  quadrigemina,  but  in  part  from 
those  portions  of  the  encephalon  over  which  the  nerves  pass  to  go  to  the  eyes.  The 
internal  white  root  arises  from  the  posterior,  and  the  external  white  root,  which  is  the 
larger,  ft-om  the  anterior  tuberculum.  The  gray  root  is  situated  in  front  of  and  above 
the  optic  commissure  and  is  a  dependence  of  the  gray  matter  which  covers  the  internal 
surface  of  the  optic  thalamus.  It  arises  from  the  gray  nvatter  which  constitutes  the  ante- 
rior floor  of  the  third  ventricle,  in  the  form  of  delicate  filaments  which  join  the  optic 
nerves  at  this  point. 

The  apparent  origin  of  the  optic  nerves  is  from  the  tubercula  quadrigemina,  receiving 
filaments  from  the  corpora  geniculata,  the  optic  thalami,  the  peduncles  of  the  cerebrum, 
the  anterior  substantia  perforata,  the  tuber  cinereum,  and  the  lamina  terminalis.  It  has 
thus  far  been  found  impossible  to  trace  all  these  roots  to  their  true  origin  in  the  cerebral 
substance;  but  experiments  upon  the  lower  animals,  in  which  it  has  been  shown  that 
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the  sonso  of  sight  is  completely  abolished  by  destruction  of  the  tubcrcula  quadrigeminu 
(called  bigeminn,  in  birds),  show  that  the  origin  of  the  filaments  that  preside  over  vision 
is,  in  all  probability,  fi'om  these  bodies. 

Tlie  two  principal  roots  of  the  optic  nerves  unite 
above  the  external  corpus  geniculatum,  forming  u 
flattened  band,  which  takes  an  oblique  course  around 
the  under  surface  of  the  crus  cerebri  to  the  o])ti(; 
commissure.  This  is  usually  called  the  optic  tract, 
in  contradistinction  to  the  optic  nerve,  which  is  de- 
scribed as  arising  from  the  optic  conunissure. 

The  optic  commissure,  or  chiasm,  is  situated  just  in 
front  of  the  corpus  cinereum,  resting  upon  the  olivary 
process  of  the  sphenoid  bone.  As  its  name  implies, 
tills  is  the  point  of  union  between  the  nerves  of  the 
two  sides.  At  the  commissm-e,  the  fibres  from  the 
optic  tracts  take  three  directions ;  and,  in  addition, 
the  commissure  contains  filaments  passing  from  one 
eye  to  the  other,  which  have  no  connection  with  the 
optic  tracts.  The  four  sets  of  fibres  in  the  optic 
commissure  are  the  following: 

1.  Decussating  fibres,  passing  from  the  optic 
tract  upon  either  side  to  the  eye  of  the  opposite 
side.  The  greatest  part  of  the  fibres  take  this  direc- 
tion.   Their  relative  situation  is  internal. 

2.  External  fibres,  much  less  numerous  than  the 
preceding,  whicli  pass  from  the  optic  tract  to  the  eye 
upon  the  same  side. 

3.  Fibres,  situated  on  the  posterior  boundary  of 
the  commissure,  which  pass  from  one  optic  tract  to 
the  other  and  do  not  go  to  the  eyes.  These  fibres 
are  scanty  and  are  sometimes  wanting. 

4  Fibres,  situated  on  the  anterior  border  of  the  commissure,  more  numerous  than  the 
preceding,  whioli  pass  from  one  eye  to  the  other  and  which  have  no  connection  with  the 

optic  tracts.  .i  »  ti, 

It  is  probable,  reasoning  chiefly  from  cases  of  cerebral  injury  or  disease,  that  the  fala- 
ments  from  the  optic  tracts  upon  the  two  sides  are  connected  with  distmct  poi-tions  ot 
the  retina;  and  two  pathological  cases  have  lately  been  reported  by  Drs.  Keen  and 

Thomson,  of  Philadelphia,  which  go  to  show  that  this  is 
the  fact,  and  which  illustrate  certain  interesting  points 
in  connection  with  the  decussation  of  the  nerves.  One 
was  a  case  of  gunshot-wound  of  the  head,  with  severe 
injury  of  the  brain-substance.  This  case  presented,  im- 
mediately after  the  injury,  unconsciousness  and  partial 
paralysis  of  the  right  arm  and  right  leg,  which  lasted  two 
or  three  months.  About  a  year  after,  the  paralysis  had 
almost  entirely  disappeared,  but  the  memory  was  some- 
what impaired.  Upon  careful  examination  of  the  eyes,  it 
was  ascertained  that  the  field  of  vision  was  divided  m 
each  eye  by  a  vertical  line  passing  through  its  centre. 
In  the  right  eye,  the  inner  half  of  the  retina,  begmnmg  on 
a  fine  with  the  inner  border  of  the  macula  lutea,  was  entirely  ^.^^'^'^^'^J 
the  left  eye,  the  outer  half  of  the  retina,  beyond  the  macula,  was  ^^^^^^ 
pathologica  appearances  were  observed  upon  examining  the  retina3  with  the  ophthalmo 


Fio.  2i{).— Optic  tractn,  commissure,  and 
neii'ea.  (Hirsclifeld.) 

1,  infundibalum ;  2,  corpus  cinereum ;  8, 
corpora  albicantia;  4,  cerebral  pedun- 
cle ;  5,  tuljer  annulare  ;  C,  optic  tracts 
and  nerves,  decussating  at  the  aommis- 
sure,  or  chiasm;  T,  motor  oculi  com- 
munis ;  8,  patheticus ;  9,  fll'tb  nervo ;  10, 
motor  oculi  externus;  11,  facial  nerve; 
12,  auditory  nervo ;  IS,  nerve  of  Wris- 
herg;  14,  glosso-pbaryngeal  nerve;  15, 
pnemnogastric;  Ki,  spinal  accessory;  17, 
sublingual  nerve. 


Fio.         Diagram  of  the  decussation 

at  the  optic  commissure. 
The  dotted  lines  show  the  four  direc- 
tions of  the  fibres. 


In 
No 


I 


GENERAL  PROPERTIES  OF  THE  OPTIC  NERVES. 


769 


scope.  The  second  case,  reported  by  Dr.  W.  Tlioinsoii,  presented  the  same  condition 
following  partial  hemiplegia,  the  result  of  sunstroke.  The  peculiar  aft'oetion  of  vision  in 
tliese  cases,  called  hemiopsia,  especially  as  illustrated  in  the  first  case,  reported,  by  Dr. 
Keen,  can  be  explained  by  assuming  the  following  as  the  course  of  tlio  decussating  fibres 
of  the  optic  tracts  :  From  the  left  side  of  the  encephalon,  visual  fibres  pass  to  the  right 
eye,  supplying  the  inner  mathematical  half  of  the  retina,  from  a  vertical  line  passing 
through  the  macula  lutca.  Visual  fibres  also  pass  to  the  left  eye,  supplying  the  outer 
half  of  the  retina,  beginuing  at  the  macula  lutea.  The  macula  lutea,  then,  and  not  the 
point  of  entrance  of  tlie  optic  nerve,  is  in  the  line  of  division  of  tlie  visual  field.  The 
outer  half  of  the  left  and  the  inner  half  of  the  right  retina  are  supplied  by  fibres  from  the 
left  side ;  and  the  outer  half  of  the  right  and  the  inner  half  of  the  left  retina  are  sup- 
plied from  the  right  side.  Althougb  this  anatomical  arrangement  has  not  been  actually 
demonstrated,  it  is  I'endered  exceedingly  probable  by  pathological  cases  like  those  just 
cited.  In  the  case  reported  by  Dr.  Keen,  the  left  side  of  the  brain  ^vas  injured,  as  the 
paralysis  occurred  in  the  right  leg  and  arm.  ^ 

"With  the  exception  of  the  few  filaments  derived  from  what  have  been  described  as  the 
gray  roots,  the  fibres  of  the  optic  tracts  and  the  optic  nerves  are  of  the  meduUated  variety, 
and  they  present  no  differences  in  structure  from  the  ordinary  cerebi-o-spinal  nerves. 

The  optic  commissure  is  covered  with  a  fibrous  membrane  and  is  consequently  more 
resisting  than  the  optic  tracts.  From  its  anterior  and  outer  border,  arise  the  optic  nerves, 
which  take  a  curved  direction  to  the  eyes.  The  nerves  are  rounded  and  are  enclosed  in 
a  double  fibrous  sheath  derived  from  the  dura  mater  and  the  arachnoid.  They  pass  into 
the  orbit  upon  the  two  sides  by  the  optic  foramina  and  penetrate  the  sclerotic  at  the 
posterior,  inferior,  and  internal  portion  of  the  globe.  As  the  nerves  enter  the  globe,  they 
lose  their  coverings  from  the  dura  mater  and  arachnoid.  The  sheath  derived  from  the 
dura  mater  is  adherent  to  the  periosteum  of  the  orbit  at  the  foi-amen  opticum,  and,  when 
it  reaches  the  globe,  it  fuses  with  the  sclerotic  coat.  Just  before  the  nerves  penetrate  the 
globe,  they  each  present  a  well-marked  constriction.  At  the  point  of  penetration,  there 
is  a  thin  but  strong  membrane,  presenting  numerous  perforations  for  the  passage  of  the 
nervous  filaments.  This  membrane,  the  lamina  cribrosa,  is  in  part  derived  from  the 
sclerotic,  and  in  part,  from  the  coverings  of  the  individual  nerve-fibres,  which  lose  their 
investiug  membranes  at  this  point.  In  the  interior  of  each  eye,  there  is  a  little,  mammil- 
lated  eminence,  formed  by  the  united  fibres  of  the  nerve.  The  retina,  with  which  the 
optic  nerve  is  connected,  will  be  described  as  one  of  the  coats  of  the  eye. 

In  the  centre  of  the  optic  nerve,  is  a  minute  canal,  lined  by  fibrous  tissue,  in  which  are 
lodged  the  central  artery  of  the  retina  and  its  corresponding  vein,  with  a  delicate  nervous 
filament  from  the  ophthalmic  ganglion.  The  vessels  penetrate  the  optic  nerve  a  short 
distance  (from  i  to  f  of  an  inch)  behind  the  globe.  The  central  canal  does  not  exist 
behind  these  vessels. 

General  Properties  of  the  Optic  iVerwes.— There  is  very  little  to  be  said  regarding  the 
general  properties  of  the  optic  nerves,  except  that  they  are  undoubtedly  tlie  only  nerves 
capable  of  conveying  to  the  cerebrum  the  special  impressions  of  sight,  and  that  they  are 
not  endowed  with  general  sensibility. 

That  the  optic  nerves  are  the  only  nerves  of  sight,  there  can  be  no  doubt.  Their 
division  or  injury  always  involves  loss  or  impairment  of  vision,  directly  corresponding 
witli  the  lesion.  It  is  interesting,  however,  to  note  that 'they  are  absolutely  insensible  to 
ordmary  impressions.  "  We  can,  in  a  living  animal,  pinch,  cauterize,  cut,  destroy  in  any 
way  the  optic  nerve  without  giving  rise  to  the  slightest  painful  sensation  ;  whether  it  be 
taken  before  or  after  its  decussation,  it  seems  completely  insensible  in  its  entire  leneth  " 
(Longet.)  .  ^  ■ 

Not  only  are  the  optic  nerve  and  retina  insensible  to  pain,  but  any  irritation  produces 
the  impression  of  light.   This  was  stated  in  the  remarkable  paper,  Idea  of  a  Mw  Anatomv 
49 
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of  the  Brain,  printed  by  Charles  Bell,  in  1811.  A  lew  years  later,  Magendie,  in  operatinp 
for  cataract,  passed  the  needle  to  the  bottom  of  the  eye  and  irritated  the  retina,  m  two 
persons.  The  patients  experienced  no  pain  but  merely  an  nnpress.on  of  flashes  of  ligln. 
The  insensibility  of  the  optic  nerves  has  also  been  repeatedly  noted  m  surg.ca  operaUo,. 
in  which  the  nerves  have  been  exposed.  If  a  current  ot  galvanism  be  passed  through  the 
optic  nerves,  a  sensation  of  ligbt  is  experienced.  The  same  phenomenon  ,s  observed  when 
the  eyeball  is  pressed  upon  or  contused,  a  fact  which  is  sufticiently  ian.iliar. 

Physiological  Anatomy  of  the  Eyeball. 
The  eyeball  is  a  spheroidal  body,  partially  embedded  in  a  cushion  of  fat  ii  the  orbit, 
protected  by  the  surrounding  bony  structures  and  the  eyelids,  its  surface  ba  bed  by  the 
sec  etion  of  the  lachrymal  gland,  and  movable  in  various  directions  by  the  action  of  cer- 
!in  muscles    When  the  axis  of  the  eye  is  directed  forward,  the  globe  has  the  iorm  of  a 
pherL  its  posterior  five-sixths,  with  the  segment  of  a  smaller  sphere  occupymg  i  s 
Interioi  sixth.    The  segment  of  the  smaller  sphere,  bounded  externally  by  tlie  cornea, 
more  prominent  than  the  rest  of  the  surface.  ti,a  pvtf>r 

The  eyeball  is  made  up  of  several  coats  enclosing  certain  refracting  med  a    The  exte  - 
nal  coat  ifthe  sclerotic,  covering  the  posterior  five-sixths  of  the  globe,  winch  is  contmuous 
with  tJie  cornea  covering  the  anterior  sixth.    This  is  a  dense,  opaque,  fibrous  membrane, 
fo^ til  protec  ion  of  the  inner  coats  and-  the  contents  of  the  globe.    The  coi-nea  is  dense 
resilrand  P-fectly  transparent.    The  muscles  that  move  the  globe  of  the  eye  are 

n'lt"  fo1l';::lence  of  the  cornea,  the  eyeball  would  present  very  nearly 
the  form  of  a  perfect  sphere,  as  will  be  seen  by  the  following  measurements  of  ts  vaiious 
tmetl;  ^Itl^e  piLin^nce  of  its  anterior  sixth  gives  the  greatest  diameter  m  the 

-Xlt^lJt^.  of-the  globe  are  s^ect  to 

death,  by  evaporation  of  the  humors,  e-pty-g      ve.els  e  ^^^^  ^^^^^^^^ 

tions  comparative  measurements  made  three  hours  and  twenty 

results  of  which  presented  JX^^^^^l:^'^^^,.^  care  and  accuracy,  from  one 

to  ^^^^  r 


Subjects  examined. 

Diameters  (Inch). 

Ant.-pOEt. 

TmnsvcrBe. 

Vertical. 

Obliqae. 

0-941 
0-9CS 

0-911 
0-941 

0-905 
0-925 

0-987 
0-949 

Erom  these  results,  it  is  seen  that  all  the  ^^-1^--;-;^^^;^;:^  ^ e^^^ 
male.    The  antero-posterior  ^'-f-^^  ^^ages  n  tli     inihe  tible.just  given,  sho,. 

SeUroU.  Coat.-...  sclerotic  is  the  Tt  ^  pSS 

five-sixths  of  the  eyeball.    Its  thickness  is  diff  "ent  m  different  p  ^^^^  ^.^^^^ 

of  penetration  of  the  optic  nerve,  it  measures  ,V  of  an  inc^  ^^^^^^^  ^^^^ 

portion  of  the, eye,  measuring  about     ot  '^^^J  '  ^  ^..^i^ary  connective  tissue, 

cornea.    This  membrane  is  composed  chiefly  of  bundles 
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The  fibres  are  slightly  wavy,  and  arranged  in  flattened  bands,  which  are  alternately  longi- 
tudinal and  transverse,  giving  the  membrane  a  lamellated  appearance,  althougii  it  cannot 
be  separated  into  distinct  layers.  Mixed  with  these  bands  of  connective-tissue  fibres,  are 
numerous  small  fibres  of  elastic  tissue.  The  vessels  of  the  sclerotic  are  scanty.  They  are 
derived  from  the  ciliary  vessels  and  the  vessels  of  the  muscles  of  the  eyeball.  The  tissue 
of  the  sclerotic  yields  gelatine  on  boiling. 

Cornea. — The  cornea  is  the  transparent  membrane  which  covers  about  the  anterior 
sixth  of  the  globe  of  the  eye.  As  before  remarked,  this  is  the  most  prominent  portion  of 
the  eyeball.  It  is  in  the  form  of  a  segment  of  a  sphere  attached  by  its  borders  to  the 
segment  of  the  larger  sphere  formed  by  the  sclerotic.  The  thickness  of  the  cornea  is 
about  of  an  inch  in  its  central  portion,  and  about  ^  of  an  inch  near  its  periphery.  Its 
substance  is  composed  of  transparent  fibres,  arranged  in  incomplete  layers,  something  like 
the  layers  of  the  sclerotic.    It  yields  chondrine,  instead  of  gelatine,  on  boiling. 

Upon  the  external,  or  convex  surface  of  the  cornea,  are  several  layers  of  delicate, 
transparent,  nucleated  epithelium.  The  most  superficial  cells  are  flattened,  the  middle 
cells  are  rounded,  and  the  deepest  cells  are  elongated  and  arranged  perpendicularly. 
These  cells  become  slightly  opaque  and  whitish  after  death.  Just  beneath  the  epithelial 
covering  of  the  cornea,  is  a  very  thin,  transparent  membrane,  described  by  Bowman 
under  the  name  of  the  "  anterior  elastic  lamella."  This  membrane,  with  its  cells,  is  a 
continuation  of  the  conjunctiva. 

The  proper  corneal  membrane  is  composed  of  excessively  pale,  flattened  bundles  of 
iibres,  interlacing  with  each  other  in  every  direction.  Their  arrangement  is  lamellated, 
although  they  cannot  be  separated  into  complete  and  distinct  layers.  Between  the  bun- 
dles of  fibres,  lie  a  great  number  of  stellate,  anastomosing,  connective-tissue  corpuscles. 
In  these  cells  and  in  the  intervals  between  the  fibres,  there  is  a  considerable  quantity  of 
transparent  liquid.  The  fibres  constituting  the  substance  of  the  cornea  are  continuous 
with  the  fibrous  structure  of  the  sclerotic,  from  which  they  cannot  be  separated  by 
maceration.  At  the  margin  of  the  cornea,  the  opaque  fibres  of  the  sclerotic  abruptly 
become  transparent.  The  corneal  substance  is  very  tough,  and  it  will  resist  a  pressure 
sufficient  to  rupture  the  sclerotic. 

Upon  the  posterior,  or  concave  surface  of  the  cornea,  is  the  membrane  of  Descemet, 
or  of  Demours.  This  is  elastic,  transparent,  structureless,  rather  loosely  attached,  and 
covered  with  a  single  layer  of  regularly  polygonal,  nucleated  epithelium.  At  the  circum- 
ference of  the  cornea,  a  portion  of  this  membrane  passes  to  the  anterior  surface  of  the 
iris,  in  the  form  of  numerous  processes  which  constitute  the  hgamentum  iridis  pectinatum, 
a  portion  passes  into  the  substance  of  the  ciliary  muscle,  and  a  portion  is  continuous 
with  the  fibrous  structure  of  the  sclerotic. 

In  the  adult,  the  cornea  is  almost  without  blood-vessels,  but  in  foetal  life  it  presents 
a  rich  plexus  extending  nearly  to  the  centre.  These  disappear,  however,  before  birth, 
leaving  a  very  few  delicate,  looped  vessels  at  the  extreme  edge. 

A  great  deal  of  anatomical  interest  has  lately  been  attached  to  the  cornea,  from 
researches  showing  the  termination  of  the  fine  nerve-fibres  in  the  nuclei  of  the  posterior 
layer  of  the  epithelium  of  its  convex  surface  and  the  investigation  of  the  "  lymph-spaces  " 
by  the  use  of  certain  reagents,  the  demonstration  of  the  so-called  "  wandering  cells," 
etc.,  points  that  we  do  not  propose  to  consider.  It  is  wqII  known  that  the  surface  of  the 
cornea  is  exquisitely  sensitive. 

Choroid  Coat. — Calling  the  sclerotic  and  the  cornea  the  first  coat  of  the  eyeball,  the 
second  is  the  choroid,  with  the  ciliary  processes,  the  ciliary  muscle,  and  the  iris.  This 
was  called  by  the  older  anatomists  the  uvea,  a  name  which  was  later  applied,  sometimes 
to  the  entire  iris,  and  sometimes  to  its  posterior,  or  pigmentary  layer.  We  shall  describe, 
however,  the  choroid  and  ciliary  processes  together  as  the  second  coat,  and  then  take  up 
the  ciliary  muscle  and  the  iris. 
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Tho  choroid  is  diHtinguished  from  the  other  couts  of  the  eye  by  its  dark  color  and  i(. 
great  vascularity.  U  occupies  that  portion  of  the  eyeball  '^'''^'^^>;^^!''^^  ^^'^ 
It  is  perforated  posteriorly  by  the  optic  nerve  and  is  connected  in  ront  m  h  t h e  i,  . 
It  is  very  delicate  in  its  structure  and  is  composed  of  two  or  three  d.stmct  ^  Its 
thickness  is  from  rU  to  A  of  an  inch.  Its  thinnest  portion  is  a  about  the  middle  of  the 
eve    Posteriorly  It^s  a  little  thicker.    Its  thickest  portion  is  at  its  anterior  border. 

The  external  surface  of  the  choroid  is  connected  with  the  sclerotic  by  vessels,  nerves 
Ythe  lon-'ciliarv  arteries  and  the  ciliary  nerves),  and  very  loose  connective  tissue.  Uns 
son  Sm      died  the  membrana  fusca,  although  it  can  hardly  be  called  a  distmct  ayer 
It  contls,  in  addition  to  the  vessels,  nerves,  and  fibrous  tissue,  a  few  irregularly-shaped 
pigment-cells. 


9  10  10,  choroidzone:  11,  11.  ciUary  nervcb,  ii, 
15  15  vascular  cu-cle  of  the  im ;  16,  pupu. 

internal,  is  sometimes  called  the  middle  layei  of  .^^  ,„^^ected 

The  art;ries,  ^vliich  are  derived  from  «^\P°f  "Xme^LiT  aver  The  plexus  of  capiUa- 
with  the  capillary  plexus,  lie  just  beneath  the  pig^^^a^^^  layer^^_^^      ^^^^^^^^  ^^^^ 

riesis  closest  at  the  posterior  Portion  of  the  ^^^^  ^^^  ^^^^^^  converging  to  four 
other  vessels.  They  are  very  numerous  and  ^'^J^'^^'l  appearance,  and  they  have 
trunks.    This  arrangement  ^v   ortir  rcomjosed,  o^^  the  greatest 

been  called  the  vasa  vorticosa.  FS-e^tar^^^^^^^^^  ^  P 

part  of  the  choroid,  of  a  smgle  layer  of  ..Hs  are  filled  with  pig- 

measuring  from  ^  to         ot  an  men  n  ^        j^embrane  its  characteristic 

mentary  granulations  of  -^^-^ in  the  ceUs  are  less  numerous 
dark-brown  or  chocolate  color.  The  Pig"^^^';.'^|  ,  observed.  In  the  anterior  por- 
near  their  centre,  where  a  clear  nucleus  can  ^^^^^  [^^^^^'^^^.-^  cells  are  smaller, 
tion  of  the  membrane,  in  front  of  the  ^^t-^^^^^^^^^  ,,V,.ai  layers.  Beneath 

more  rounded,  more  completely  filled  with  P'S^^;"^  "^^^^^,,3  ,f  the  choroid  are  occupied 
the  layer  of  hexagonal  pigment-cells,  the  intervasculai  spaces 
by  stellate  pigment-cells. 
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Ciliary  Processes. — The  anterior  portion  of  tlie  choroid  is  arranged  in  the  form  of 
folds  or  plaits  projecting  internally,  called  the  ciliary  processes.  The  largest  of  these 
I'okls  are  about  -^^  of  an  inch  in  length.  They  are  from  sixty  to  eighty  in  number.  The 
hirger  folds  are  of  nearly  uniform  size  and  are  regularly  arranged  around  the  margin  of 
the  crystalline  lens.  Between  these  folds,  Avhich  constitute  about  two-thirds  of  the  entire 
number,  are  smaller  folds,  lying,  without  any  regular  alternation,  between  the  larger. 
Within  the  folds,  are  received  corresponding  folds  of  the  thick  membrane,  continuous  an- 
teriorly with  the  hyaloid  n^embrane  of  the  vitreous  humor,  called  the  zone  of  Zinn. 

The  ciliary  processes  present  blood-vessels,  which  are  somewhat  larger  than  those  of 
tlie  rest  of  the  choroid.  The  pigmentary  cells  are  smaller  and  are  arranged  in  several 
layers.    The  anterior  border  of  the  processes  is  free  and  contains  little  or  no  pigment. 

Ciliary  Muscle. — This  muscle,  formerly  known  as  the  ciliary  hgament  and  now 
sometimes  called  the  tensor  of  the  choroid,  is  almost  universally  recognized  by  physi- 


FiG.  'lis.— Ciliary  muscle ;  magnified  W  diameters.  (Snppey.) 
1, 1.  crystalline  lens ;  2,  hyaloid  membrane ;  8,  zone  of  Zinn ;  4,  iris ;  5,  5,  one  of  the  ciliary  processes;  G,  G,  radiating 
fibres  of  the  ciliary  muscle ;  7,  section  of  the  circular  portion  of  the  ciliary  muscle ;  8,  venous  plexus  of  the  ciliary 
process:  i),  10,  sclerotic  coat;  11, 12.  cornea  ;  13,  epithelial  layer  of  the  cornea;  14,  membrane  of  Descemet;  15, 
li!;amentum  iridis  pectinatuin ;  16,  epithelium  X>[  the  membrane  of  Descemet ;  17,  union  of  the  sclerotic  coat 
with  the  cornea;  18,  section  of  the  canal  of  Schlemm. 

ologists  as  the  agent  for  the  accommodation  of  the  eye  to  vision  at  different  distances. 
Under  this  view,  the  ciliary  muscle  is  an  organ  of  great  importance,  and  it  is  essential, 
in  the  study  of  accommodation,  to  have  an  exact  idea  of  its  relations  to  the  coats  of  the 
eye  and  to  the  crystalline  lens.  For  this  reason,  we  shall  describe  its  arrangement  as 
exactly  as  possible. 

The  form  and  situation  of  the  ciliary  muscle  Are  as  follows :  It  surrounds  the  anterior 
margin  of  the  choroid,  in  the  form  of  a  ring  about  ^  of  an  inch  wide  and  -jV  of  an  inch 
in  thickness  at  its  thickest  portion,  which  is  its  anterior  border.    It  becomes  thinner 


SPECIAL  SENSES. 

from  before  bo,okwarcl,  until  its  posterior  border  apparently  fuses  with  the  fibrous  struct- 
lu-c  of  the  choroid.  It  is  seniitrnnsparent  and  of  a  grayish  color.  Its  situation  is  just 
outside  of  the  ciliary  processes,  these  processes  projecting  in  front  ot  its  anterior  border 
about  of  an  inch.  Regarding  the  anterior  border  of  this  muscle  as  its  origin  and  he 
posterio;  border  as  its  insertion,  it  arises  in  front  from  tlie  circular  line  ot  junction  of  the 
cornea  and  sclerotic,  from  the  border  of  the  membrane  of  Descemet,  and  he  ligamentum 
iridis  pectinatum.  Its  fibres,  which  are  chiefly  longitudmal,  pass  backward  and  are 
lost  in  the  choroid,  extending  somewhat  farther  back  than  the  anterior  limit  of  the 
vptinn  In  addition,  a  net-work  of  circular  muscular  fibres  has  been  described  lying  over 
ihe  anterior  portion  of  the  ciliary  body,  at  the  periphery  of  the  iris,  beneath  the  longitu- 
dinal fibres.    Some  of  these  fibres  have  an  oblique  direction. 

Althouo-h  there  was  formerly  considerable  discussion  with  regard  to  the  structure  oi 
the  ciliary  ligament,  or  muscle,  there  can  now  be  scarcely  any  doubt  of  the  fact  that  it  ,s 
CO  nposed  mainly  of  muscular  fibres.   These  fibres,  anatomically  considered,  belong  to  th 
non  striated,  or  involuntary  variety.    They  are  pale,  present  numerous  oval,  longitudinal 

nuclei,  and  have  no  strise.  „  ,     .,.  i    4.-u„f  oofim. 

It  is  evident,  from  the  arrangement  of  the  fibres  of  the  ciliary  muscle,  that  i  s  act  on 
must  be  to  approximate  the  border  of  connection  of  the  sclerotic  and  cornea  and  the  ci  - 
Trnference  of  the  choroid,  compressing  the  vitreous  humor  and  relaxing  tl^«  -^P^-^J 
^ment  of  the  crystalline  lens.  We  shall  see  farther  on  that  this  -  '-.-f 
to  Phantre  its  form  and  probably  it  adapts  the  curvature  of  the  lens  to  vision  at  different 
dicet   T?e  B;rvt  ciliary  muscle  are  derived  from  the  long  and  the  short 


ciliary. 


IrU  -The  iris  corresponds  to  the  diaphragm  of  optical  instruments,  except  that  it 
orifice  s  capable  of  dilatation  and  contraction.    It  is  a  circular  membrane,  situated  u 
Ston  of  hT  crystalline  lens,  with  a  round  perforation  the  pupd,  -a-t-en  re    It  is 
called  the  uvea  by  some  anatomists,  a  name  that  was  formerly  apphed  to  the  ms  and 

t e  :Et^nt  of  the  greater  circum^rence  of  ^e  iris  is  t.  the 

that  of  the  choroid,  hut  it  is  nnequa  m  ^^^^f^f^^lTT^^o^^^^^  junction  of  its 
its  great  circumference  and  its  J-Pf  and  diodes  the  space 

inner  third  with  the  outer  two-thirds.   It  «^'f     P^^'J';;' r^^^^^  the  anterior 

between  the  lens  and  the  cornea  into  two  f  ^-^J^;^^^  ^t    cn-stalline  lens, 

chamber  being  much  the  larger.  Taking  ^^^^^^f  ^.f^^/ PJ^P^^  ^lue  light,  to  see  the 
caUedfiuorescence,  which  enables  "^'^^^'f.;^^  of 

boundaries  in  the  living  eye  f;);^  ^^^^^  —  HaS  exLpt,  perhaps,  for  a 
the  iris  and  the  anterior  surface  of  the  ens  are  acu  a  y  ,  ^erior  cbam- 

certain  distance  near  the  periphery  ot  he  ins.    This  ^^^^  ^  ^^^Ji,.;/ 
ber  is  very  small  and  only  exists  near      ^^l^^^^ '^l^l^^       Interior  surface  is 
The  color  of  the  iris  is  very  different  in  ^^^^^^'^^  J^^'™^";'^^;^^^^^^^^        its  periphery, 
generally  very  dark  near  the  pupil  and  V^-f^^^^^^^^'ll'^^'^^^^  Jells 
Its  posterior  Lface  is  of  a  dark-purple  color  -d  is    -        "l^rus  with  the  mem- 

The  entire  iris  presents  three  layers.    The  anteiioi  laj  ei     cent  ^^^^^^^ 
brane  of  the  aqueous  humor.    At  the  g'-^^^V'^'/red  tii    iCen  urn  iridis  pectina- 
longations,  forming  a  delicate  dentated  -7^7^';  "^^:,'^  is  extremely  thin 
turn.    The  membrane  covering  the  general  anterior  smface  ol 
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and  is  covered  by  cells  of  tessellated  epithelium.  Just  beneath  this  membrane,  are  a 
number  of  irregularly-shaped  pigmentary  cells. 

The  posterior  layer  of  the  iris  is  very  thin,  easily  detached  from  the  middle  layer,  and 
contains  niunerous  small  cells  exceeding  rich  in  pigmentary  granules.  Some  anatomists 
recognize  this  membrane  only  as  the  uvea.' 

The  middle  layer  constitutes  by  far  the  greatest  part  of  the  substance  of  the  iris.  It 
is  composed  of  connective  tissue,  muscular  fibres  of  the  non-striated  variety,  numerous 
blood-vessels,  and,  probably,  nerve-terminations.  From  a  physiological  point  of  view, 
the  arrangement  of  the  muscular  fibres  is  the  most  interesting.  Directly  surrounding 
the  pupil,  forming  a  band  about  J-g-  of  an  inch  in  width,  is  a  layer  of  non-striated  muscu- 
lar fibres,  called  the  sphincter  of  the  iris.  The  existence  of  these  fibres  is  admitted  by 
all  anatomists.  It  is  different,  however,  for  the  radiating  muscular  fibres.  Most  anato- 
mists describe,  in  addition  to  the  sphincter,  fibres  of  the  same  variety,  which  can  be 
traced  from  near  the  great  circumference  of  the  iris  almost  to  its  pupillary  border,  lying 
both  in  front  of  and  behind  the  circular  fibres,  which  are,  as  it  were,  enclosed  between 
them.  A  few  observers  deny  that  these  fibres  are  muscular ;  but  they  recognize  a  thick 
muscular  layer  surrounding  the  arteries  of  the  iris.  This  is  merely  a  question  of  observa- 
tion ;  but  the  weight  of  anatomical  authority  is  greatly  in  favor  of  the  existence  of  the 
radiating  fibres,  and  their  presence  explains  certain  of  the  phenomena  of  dilatation  of 
the  iris  which  would  otherwise  be  difiicult  to  understand. 

The  blood-vessels  of  the  iris  are  derived  from  the  arteries  of  the  choroid,  from  the 
long  posterior  ciliary,  and  from  the  anterior  ciliary  arteries.  The  long  ciliary  arteries  are 
two  branches,  running  along  the  sides  of  the  eyeball  between  the  sclerotic  and  choroid,  to 
form,  finally,  a  circle  surrounding  the  iris.  The  anterior  cDiary  arteries  are  derived  from 
the  muscular  branches  of  the  ophthalmic.  They  penetrate  the  sclerotic  a  little  behind 
the  ii'is  and  join  the  long  ciliary  arteries  in  the  vascular  circle.  From  this  circle,  the 
vessels  branch  and  pass  into  the  iris,  to  form  a  smaller  arterial  circle  around  the  pupil. 
The  veins  from  the  iris  empty  into  a  circular  sinus  situated  at  the  junction  of  the  cornea 
with  the  sclerotic.  This  is  sometimes  spoken  of  as  the  circular  venous  sinus,  or  the  canal 
of  Sclilemm. 

The  nerves  of  the  iris  are  the  long  ciliary,  from  the  fifth  cranial,  and  the  short  ciliary, 
from  tlie  ophthalmic  ganglion. 

Pupillary  Membrane. — At  a  certain  period  of  foetal  life,  the  pupil  is  closed  by  a  mem- 
brane connected  with  the  lesser  circumference  of  the  iris,  called  the  pupillary  membrane. 
This  is  not  distinct  during  the  first  months ;  but,  between  the  third  and  the  fourth  months, 
it  is  readily  seen.  It  is  most  distinct  at  the  sixth  month.  The  membrane  is  thin  and  trans- 
parent, and  it  completely  separates  the  anterior  from  the  posterior  chamber  of  the  eye.  It 
is  provided  with  vessels  derived  from  the  arteries  of  the  iris,  anastomosing  with  each 
other  and  turning  back  in  the  form  of  loops  near  the  centre.  At  about  the  seventh 
month,  it  begins  to  give  way  at  the  centre,  gradually  atrophies,  and  generally  scarcely  a 
trace  of  it  can  be  seen  at  birth. 

Retina. — The  retina  is  described  by  anatomists  as  the  third  tunic  of  the  eye.  It  is 
closely  connected  with  the  optic  nerve,  and  the  most  important  structures  entering  into 
its  composition  are  probably  continuous  with  prolongations  from  the  nerve-cells.  This 
is  the  membrane  endowed  with  the  special  sense  of  sight,  the  other  structures  in  the  eye 
being  accessory. 

If  the  sclerotic  and  choroid  be  removed  from  the  eye  under  water,  the  retina  is  seen, 
in  perfectly  fresh  specimens,  in  the  form  of  an  exceedingly  delicate  and  transparent  mem- 
brane covering  the  posterior  portion  of  the  vitreous  humor.  A  short  time  after  death,  it 
becomes  slightly  opaline.    It  extends  over  the  posterior  portion  of  the  eyeball  to  a  dis- 

'  Tho  name  uvea  was  applied,  nt  one  time,  to  tlio  clioroitl  with  the  Iris,  again  to  tlae  iris  alone,  and  again  to  the 
posterior,  or  pigmentary  layer  of  tlio  iris.   To  avoid  confusion,  tbis  term  will  not  be  again  used. 
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tance  of  about  of  an  inch  behind  the  ciliary  processes.  When  torn  from  its  anterior 
attachment,  it  presents  a  finely-serrated  edge,  called  the  ora  serrata.  This  edge  adlieren 
very  closely,  by  mutual  interlacement  of  fibres,  to  the  zone  of  Zinn.  In  the  middle  of 
the  membrane,  its  thickness  is  about  -^^  of  an  inch.  It  becomes  thinner  near  the  ante- 
rior margin,  where  it  measures  only  about  of  au  inch.  Its  external  surlace  is  in  con- 
tact with  the  choroid,  and  its  internal,  with  the  hyaloid  membrane  of  the  vitreous  humor. 

The  optic  nerve  penetrates  the  retina  about  ^  of  an  inch  within  and  of  an  inch  be- 
low the  antero-posterior  axis  of  the  globe,  presentmg,  at  this  point,  a  small,  rounded 
elevation  upon  the  internal  surface  of  the  membrane,  perforated  in  its  centre  for  the  pas- 
sage of  tbe  central  artery  of  the  retina.  At  from  ^  ^  of  an  inch  external  to  the  point 
of  penetration  of  the  nerve,  is  an  elhptic  spot,  its  long  diameter  being  horizontal,  about 
>  of  an  inch  long  and  ^\  of  an  inch  broad,  called  the  yellow  spot  of  Somraerring,  or  the 
macula  lutea.  In  the  centre  of  this  spot,  is  a  depression,  called  the  fovea  centralis.  This 
depression  is  exactly  in  the  axis  of  distinct  vision.    The  yellow  spot  exists  only  in  man 

and  the  quadrumana.  ^      x  *i 

The  structures  in  the  retina  which  present  the  greatest  physiological  interest  are  the 
external  layer,  formed  of  rods  and  cones,  the  layer  of  nerve-cells,  and  the  filaments  which 
connect  the  rods  and  cones  with  the  cells.  These  are  the  only  anatomical  elements  ol 
the  retina,  as  far  as  we  know,  that  are  directly  concerned  in  the  reception  of  optical  im- 
pressions, and  they  will  be  described  rather  minutely,  while  the  intermediate  layers  wiU 
be  considered  more  briefly. 

Most  modern  anatomists  recognize  eight  distinct  layers  m  the  retina,  as  follows : 

1.  An  external  layer,  situated  next  the  choroid,  called  Jacob's  membrane,  the  bac.llar 
membrane,  or  the  layer  of  rods  and  cones. 

2.  The  external  granule-layer. 

3.  The  inter-grannle  layer  (cone-fibre  plexus,  of  Hulke). 

4.  The  internal  granule-layer. 

5.  The  granular  layer. 

6.  The  layer  of  nerve-cells  (ganglion-layer). 

7  The  expansion  of  the  fibres  of  the  optic  nerve. 

iX^TZS^Z^s  is  composed  of  rods,  or  cylinders,  extending  through  its 
entire  tiiLess,  closely  packed,  and  giving  to  the  external  ^^^^  Z 
nearance-  and,  between  these,  are  a  greater  or  less  number  of  Aasl^-shaped  bodies,  tbe 
c  r  This  llyer  is  about  of  an  inch  in  thickness  '^V'rltnl  IhlSet 
of  an  inch  about  midway  between  the  centre  and  the  periphery  ;  and,  near  the  peiiplie  y, 
lout   °   of  an  inch.    It  the  macula  lutea,  the  rods  are  wanting,  and  the  layer  is  com- 

a4  ictinuc,  with  a«  «>-f -^^X^^ S^^^^^^^^^^^^^ 
been  actually  traced  only  mto  the  external  g  amile  ^'-^y^^;  /  somewhat  brittle, 

of  an  inch.  They  are  clear,  of  rather  a  fatty  lustre,  soft  ^^^^  p  ab  e,  but  .omew  ^ , 

and  so  alterable  that  they  are  with  difficulty  seen  in  a  "^^""^l^J^eous  In^mov 
examined  in  perfectly  fresh  preparations,  moistened       '  l    cot"  recently 

or  with  serum.    Their  intimate  structure  as  well  a   tha  of 

been  very  closely  studied,  especially  by  German  shortly  after 

is  difficult  to  make  out  any  thing  but  an  <^°f  l^^.^^.^;"^  "^^^  ''^^^  i;ner  segment, 
death,  each  rod  seems  to  be  divided  by  a  delicate  hne  f «  j^/^^^      segment,  is  a 

the  outer  being  a  little  the  longer.    At  the  ^^-J  ^  ^d  1^^  lentifoiJb^ 
hemispherical  body,  with  its  convexity  presentmg  mwaul,  cniieu 
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senformiger  Evrper).  Tbo  entire  inner  segment  is  somewhat  granuiar,  and  it  often  pre- 
sents a  granular  nucleus  at  its  inner  extremity.  Tlie  outer  segment  apparently  diti'ers 
in  its  constitution  from  the  inner  segment  and  is  not  similarly  affected  by  reagents. 
Treated  with  dilute  acetic  acid,  the  outer  segment  becomes 
broken  up  transversely  into  thin  disks.  These  points  in 
tlie  anatomy  of  the  rods  are  referred  to  particularly,  for 
tlie  reason  that  they  have  lately  been  used  as  an  anatomi- 
cal basis  for  a  theory  of  the  perception  of  colors.  They 
can  be  readily  understood  by  reference  to  Fig.  244. 

The  cones  are  probably  of  the  same  constitution  as  the 
rods,  but  that  portion  called  the  inner  segment  is  pyi-i- 
form.  The  straight  portion  above  (the  outer  segment)  is 
sometimes  called  the  cone-rod.  The  entire  cones  arc 
about  half  the  length  of  the  rods  and  occupy  the  inner 
portion  of  the  layer.  The  outer  segment  is,  in  its  consti- 
tution, precisely  like  the  outer  segment  of  the  rods.  The 
inner  segment  is  slightly  granular  and  contains  a  nucleus. 
The  cones  are  connected  below  with  filaments  passing 
into  the  deeper  layers  of  the  retina.  The  arrangement  of 
the  rods  and  cones  is  seen  in  Fig.  245,  which  shows  the 
different  layers  of  the  retina. 

At  the  fovea  centralis,  the  external  layer  is  composed 
entirely  of  immensely  elongated  conies,  with  no  rods. 
These  are  slightly  increased  in  thickness  at  the  macula 
lutea,  but  are  diminished  again  in  thickness,  by  about 
one-half,  at  the  fovea  centralis.  At  the  fovea,  the  optic 
nerve-fibres  are  wanting;  and  the  ganglion-cells,  which  exist  in  a  single  layer  over 
other  portions  of  the  retina,  here  present  from  six  to  eight  layers,  except  at  the  very 
centre,  where  there  are  but  three  layers.  Of  the  layers  between  the  cones  and  the 
ganglion -cells,  the  external  granule-layer  and  the  inter-granule  layer  (cone-fibre  plexus) 
remain,  in  the  fovea,  while  the  internal  granule-layer  and  the  granular  (molecular)  layer 
are  wanting.  At  the  fovea,  indeed,  those  elements  of  the  retina  which  may  be  regarded 
as  purely  accessory  seem  to  disappear,  leaving  only  the  structures  that  are  concerned 
directly  in  the  reception  of  visual  impressions. 

The  external  granule-layer  is  composed  of  large  granules,  looldng  like  cells,  which  are 
each  nearly  filled  with  a  single  nucleus.  These  are  connected  with  the  filaments  from  the 
rods  and  cones.  Tliey  are  rounded  or  ovoid  and  measure  from  t-^so  ^'^  tsoVo  ™  '^^^^ 
in  diameter.  The  inter-granule  layer  (cone-fibre  plexus)  is  composed  apparently  of  mi- 
nute fibrillffi  and  a  few  nuclei.  The  internal  granule-layer  is  composed  of  cells  nearly 
like  those  of  the  external  granule-layer,  hwt  a  little  larger,  and  probably  connected  with 
the  filaments  of  the  rods  and  cones.  The  granular  (molecular)  layer  is  situated  next  the 
layer  of  ganglion-cells. 

The  layer  of  ganglion- cells  is  composed  of  multipolar  cells,  like  those  in  the  brain, 
measuring  from  Tnriro  to  Yh>  '^^  inch  in  diameter.  In  the  centre  of  the  retina,  at  the 
macula  lutea,  the  cells  present  eight  layers,  and  they  diminish  to  a  single  layer  near  the 
periphery..  The  smaller  cells  are  situated  near  the  centre,'  and  the  larger,  near  the  periph- 
ery. Each  cell  sends  oft'  several  filaments  (from  two  to  twenty-five)  probably  going  to 
the  layer  of  rods  and  cones,  and  a  single  filamen't,  which  becomes  continuous  with  one 
of  tlie  filaments  of  the  optic  nerve. 

Tlie  layer  formed  by  the  expansion  of  the  optic  nerve  is  composed  of  pale,  transparent 
nerve-fibres,  from  ;  ^  ^  „ to  j-j-g-mr  of  an  inch  in  diameter.  These  do  not  call  for  special 
description. 

The  limitary  membrane  is  a  delicate  structure,  with  fine  stria)  and  nuclei,  composed 


R  A. 


Fig.  Hi— Rods  of  the  retind. 
(Schultze.) 
From  the  monkey.— X.  Eotls,  after  ma- 
ceration in  iodized  serum,  tlie  outer 
segment  {V)  truncated,  the  inner 
segment  (aS  coagulated,  granular, 
and  somewhat  swollen ;  c,  filament 
of  the  rods;  rf,  nucleus.  B.  Eods 
from  the  frog:  1.  Fresh,  magnified 
500  diameters;  rt,  inner  segment; 
6,  outer  segment ;  c,  lentiform  hody ; 
d,  nucleus.  2.  Treated  with  di- 
lute acetic  acid  and  broken  up  into 
plates. 
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of  oonnectivo-tissuo  elements.    It  is  about  -^^-Uri  '"cli  in  tiiidiiiess.    Vvom  this 

membrane,  connoctivo-tissuo  elements  are  sent  into  tlie  various  layers  of  the  retina, 
where  they  form  a  framework  for  the  support  of  the  other  structures. 

As  we  before  remarked,  tlio  retina  becomes  progressively  thinner  from  the  centre  to 
the  periphery.  The  granular  layers  and  the  nervous  layers  rapidly  disappear  in  the 
anterior  half  of  the  membrane. 


"  (Sappey.j 

12,  12, 14, 14,  fibres  of  the  optic  nerve ;  18,  membrana  limitans  .7738  cells  of  the  external  and  internal 

Fio  245  (B).-l,  1,  2,  3,  rods  and  cones,  front  view ;  4  5,  fa,  rods,  side  ye«  ,  1,    »•        =  connected  with  cells  of  the 
gfaniie^ayers;  !i,  icll,  connected  by  a  fllamen  "'V*  •^"'I'^^^'^'inlelial^  in  the  fign«); 

nerve-cells,  and\vith  the  nerve-fibres. 

Tlie  connection  between  the  rods  and  cones  and  the  ganglion-cells  may  be  readily 
understood  if  we  accept  the  following  explanation:  The  filaments  from  t^^^ 
rods  and  cones  pass  inward,  presenting,  in  their  course,  the  corpusc  es  -h.ch  we  ha^^^^ 
described  in  the  granule-layers,  and  finally  become,  as  is  '^^''^'^^^^^'l'^^ 
with  the  poles  of  the  ganglion-cells.    The  cells,  in  their  turn,  send  ^^^^^^^^^ 
formed  by  the  expansion  of  the  optic  nerve,  which  are  continuous  with  the  neive-fibre.. 
This  arrangement  is  shown  in  Fig.  245  (B).  hp-intifnllv 

The  arteries  of  the  retina  branch  from  the  arteria  ^^'^^'-'^l'^' jf  ".'X  '  " 

arborescent  appearance  when  viewed  with  the  ophthalmoscope    They  pa.,  '"t"^  ^ 
of  gray  nervous  matter  and  send  their  branches  to  the  P^^'^I^l'^^-^^;; ^ .  ^  ^^^^ 
wide  plexus  of  very  small  capillaries  in  the  ora  serratn.    Tlie  cap.llar.es  emptj  mto 
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incomplete  venous  circle,  brancLes  from  wliich  pass  back  by  tbo  sides  of  the  arteries  to 
the  vena  centralis.  The  macula  lutea  is  provided  with  a  rich  plexus  of  minute  capillaries. 

Crystalline  Xens.— The  anatomy  of  the  crystalline  lens,  as  far  as  it  bears  upon  the 
phj^siology  of  vision,  is  very  simple.  It  is  a  double-convex  lens,  transparent,  and  exceed- 
indy  clastic.  It  has  a  function  in  the  refraction  of  the  rays  of  light  analogous  to  the 
action  of  convex  lenses  in  optical  instruments.  When  we  come  to  study  its  exact  struct- 
ure, however,  we  shall  find  many  points  that  are  still  undetermined  and  somewhat 
obscure ;  but,  fortunately,  these  are  not,  as  far  as  we  now  know,  of  much  physiological 
importance.  In  treating  of  the  anatomy  of  the  lens,  we  shall  simply  describe  the  most 
prominent  and  the  weU-determined  points  in  its  structure.  A  complete  account  of  the 
arrangement  of  its  component  parts  would  necessitate  very  fuU  and  minute  descriptions, 
which  could  only  be  elucidated  by  numerous  illustrative  figures.  . 

The  lens  is  situated  behind  the  pupil,  in  what  is  called  the  hyaloid  fossa  of  the  vitre- 
ous humor,  which  is  exactly  moulded  to  its  posterior  convexity.  In  the  fojtus,  the  cap- 
sule of  the  lens  receives  a  branch  from  the  arteria  centralis,  but  it  is  non-vascular  in  the 
adult.  The  anterior  convexity  of  the  lens  is  just  behind  the  iris,  and  its  borders  are  in 
relation  with  what  is  known  as  the  suspensory  ligament.  The  convexities  do  not  present 
regular  curves,  and  they  are  so  subject  to  variations  after  death  that  the  measurements, 
post-mortem,  are  of  little  value.  During  life,  however,  they  have  been  measured  very 
exactly  in  the  various  conditions  of  accommodation.  These  measurements  will  be  dis- 
cussed fully  in  connection  with  the  physiology  of  the  lens. 


FiQ.  ^^.—Crystalline  lens,  anterior  view.  (Babuchin.) 


The  diameters  of  the  lens  in  the  adult  are  about  ^  of  tyi  inch  transversely  and  J  of  an 
inch  antero-posteriorly.  The  convexity  is  greater  on  its  posterior  than  on  its  anterior 
surface.  In  fcetal  life,  the  convexities  of  the  lens  are  much  greater  tlian  in  the  adult  and 
its  structure  is  much  softer.  In  old  age,  the  convexities  are  diminished  and  the  lens 
becomes  harder  and  quite  inelastic,  which  accounts  for  the  progressive  diminution  in  the 
power  of  accommodation. 

The  important  physiological  points  in  the  structure  of  the  lens  are  that  it  presents  an 
investing  membrane,  the  capsule,  the  lens  itself  being  composed  of  layers  of  fibres  of  dif- 
ferent degrees  of  density. 
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The  capsule  of  the  lens  is  an  exceedingly  thin,  transparent  memhraiio,  very  elastic,  so 
that,  when  it  is  torn,  the  force  of  its  contraction  Irequently  expels  its  contents.  Tliis 
Hienibrano  is  generally  from  ^^Vii  to  xsVir  of  an  inch  thick ;  but  it  is  very  thin  at  the 
l)eriphery,  measuring  here  only  t-ttV^  of  an  inch.  Its  thickness  is  increased  in  old  age. 
On  the  anterior  portion,  the  capsule  is  lined  with  a  layer  of  exceedingly  delicate,  nucle- 
ated epithelial  cells.  These  are  situated  on  the  inner  surface  of  the  membrane.  The 
posterior  half  of  the  capsule  has  no  epithelial  lining.  The  cells  are  regularly  polygonal, 
measuring  from  ^^i^is  to  TroTT  of  an  inch  in  diameter,  with  large,  round  nuclei.  After 
death  they  are  said  to  break  down  into  a  liquid,  known  as  the  liquid  of  Morgagni,  though 
by  some  this  liquid  is  supposed  to  be  exuded  from  the  substance  of  the  lens.  At  all 
events,  the  cells  disappear  soon  after  death. 

If  the  lens  be  viewed  entire  with  a  low  magnifying  power,  it  presents,  upon  either  of 
its  surfaces,  a  star  with  from  nine  to  sixteen  radiations  extending  from  the  centre  to 


Fig.  24T.—  Crystalline  lens,  posterior  mew.  (Baljucbin.) 

about  half  or  two-thirds  of  the  distance  to  the  periphery.  The  stars  seen  upon  the  two 
surfaces  are  not  coincident,  the  rays  of  one  being  situated  between  the  rays  of  the  other. 
In  the  foetus,the  stars  are  more  simple,  presenting  only  three  radiations  upon  either  sur- 
face. These  stars  are  not  fibrous,  like  the  rest  of  the  lens,  but  are  composed  ot  a  homo- 
geneous substance,  which  extends,  also,  between  the  fibres. 

The  greatest  part  of  the  substance  of  the  lens  is  composed  of  very  delicate,  soft,  and 
pliable  fibres,  which  are  transparent,  but  perfectly  distinct.  These  fibres  are  flattened, 
six-sided  prisms,  closely  packed  together,  so  that  their  transverse  section  W^^^f^^^'f^^ 
larly-tesselated  appearance.  They  are  from  ^  to  of  an  inch  l^^jO'vd  ""^^^^^^^ 
/  to  of  an  inch  in  .thickness.  Their  flat  surfaces  are  parallel  with  the  surface 
^the TenY^e  direction  of  the  fibres  is  from  the  centre  and  from 
stelLate  figures  to  the  periphery,  where  they  turn  and  pass  to  the  star  upon  the  oppos  te 
side.    The  outer  layers  of  fibres,  near  the  equator,  or  ^^^^^^.^^V^^^i;";;  %lZ^ 

vided  with  exceedingly  distinct,  oval  nuclei,  with  one  or  two  ""^\f J^,^'  ^"^^ 
smaller  as  we  pass  deeper  into  the  substance  of  the  lens,  and  gradually  they  ^^^VVJ^l^^ 
The  regular  arrangement  of  the  fibres  of  the  lens  makes  't.!-^^;^^;,  *°       ^'^f  In 
substance  Into  lamina,  which  have  been  compared  by  anatomists      "  J^^;^;" 
onion ;  but  this  separation  is  entirely  artificial,  and  the  number  of  apparent  layer,  depends 
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upon  the  dexterity  of  the  manipulator.  It  is  to  bo  noted,  however, 
portions  of  the  lens  are  soft,  even  gelatinous,  and  that  the  central 
harder,  forming  a  sort  of  central  kernel,  or  nucleus. 

The  lens  is  composed  of  a  peculiar  organic  nitro- 
gonized  substance,  very  analogous  to  globulme,  called 
crystalline,  combined  with  various  inorganic  salts. 
One  of  the  peculiar  constituents  of  this  body  is  choles- 
terine.  In  an  examination  of  four  fresh  crystalline 
'lenses  of  the  ox,  we  found  cholesteriue,  in  the  pro- 
portion of  0-907  of  a  part  per  1,000.  In  some  cases 
of  cataract,  cholesterine  exists  in  the  lens  in  a  crys- 
talline form ;  but,  under  normal  conditions,  it  is  united 
with  the  other  constituents. 


that  tl 
layers 


10  external 
are  much 


Fig.  248. — Section  oft/ie  crystalline  lens. 
(BabucWn.) 


Suspensory  Ligament  of  the  Lens  (Zone  of  Zinn). — 
When  we  come  to  the  description  of  the  vitreous  hu- 
mor, we  shall  see  that  it  occupies  about  the  posterior 
two-thirds  of  the  globe,  and  is  enveloped  in  a  deHcate 
capsule,  called  the  hyaloid  membrane.  In  the  region 
of  the  ora  serrata  of  the  retina,  this  membrane  di- 
vides into  two  layers.  The  posterior  layer  lines  the 
depression  in  the  vitreous  humor  into  which  the  lens 
is  received.  The  anterior  layer  passes  forward  toward 
the  lens  and  divides  into  two  secondary  layers,  one  of 
which  passes  forward  to  become  continuous  with  the 
anterior  portion  of  the  capsule  of  the  lens,  while  the  other  passes  to  the  posterior  surface 
of  the  lens  to  become  continuous  with  this  portion  of  its  capsule.  The  anterior  of  these 
layers  is  corrugated,  or  thrown  into  folds  which  correspond  with  the  ciliary  processes, 
with  which  it  is  in  contact.  This  corrugated  portion  is  called  the  zone  of  Zinn. 
The  two  layers  thus  surround  the  lens  and  are  properly  called  its 
suspensory  ligament.  As  the  two  layers  of  the  suspensory  ligament 
separate  at  a  certain  distance  from  the  lens,  one  passing  to  the  ante- 
rior and  the  other  to  the  posterior  portion  of  the  capsule,  there  i 
remains  a  triangular  canal,  about  ^  of  an  inch  wide,  surrounding 
the  border  of  the  lens,  called  the  canal  of  Petit.  Under  natural 
conditions,  the  walls  of  this  canal  are  nearly  in  apposition  and  it 
contains  a  very  small  quantity  of  clear  liquid. 

As  we  have  already  remarked  in  describing  the  retina,  at  the 
ora  serrata,  the  membrane  is  closely  connected,  by  a  mutual  inter- 
lacement of  fibres,  with  the  suspensory  ligament.  It  is  important 
to  appreciate  clearly  the  relations  of  the  suspensory  ligament,  in 
order  to  understand  the  mechanism  of  accommodation  of  the  lens 
to  vision  at  difi'erent  distances.  The  ciliary  muscle  being  in  repose, 
during  what  is  termed  the  indolent  condition  of  the  eye,  when  it  is 
adapted  to  vision  at  long  distances,  the  tension  of  the  parts  flattens  the  lens ;  hut,  in  the 
effort  of  accommodation  for  near  objects,  the  ciliary  nauscle  contracts,  compresses  the 
contents  of  the  globe,  relaxes  the  suspensory  ligament,  and  the  inherent  elasticity  of  the 
lens  renders  it  more  convex.  It  is  by  a  delicate  use  of  this  muscle,  that  the  proper  adap- 
tation of  the  curvatures  of  the  lens  is  obtained. 

The  membrane  forming  the  suspensory  ligament  is  composed  of  pale  longitudinal  and 
transverse  fibres  of  rather  a  peculiar  appearance,  which  are  much  less  affected  by  acetic 
acid  than  the  ordinary  fibres  of  connective  tissue. 


Fig.  249.— Zone  of  Zinn. 
(Sappey.) 

1 ,  cryst.illine  len  8 ;  2, 2,  vit- 
reous humor  ;  3,  3.  zone 
of  Zinn  ;  4.  4,  posterior 
portion  of  the  zone  of 
Zinn,  thrown  into  folds  ; 
5.  6,  6,  anterior  and  mid- 
dle portions  of  the  zone 
of  Zinn. 


Aqueous  Eumor. — The  space  bounded  in  front  by  the  cornea,  posteriorly  by  the  crys- 
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talline  lens  and  the  anterior  face  of  its  suspensory  ligament,  and,  at  its  circumference,  by 
tlio  tips  of  the  ciliary  processes,  is  known  ns  the  aqueous  clianiber.  This  contains  a  clear 
liciuid,  called  the  aqueous  humor.  The  iris  separates  this  space  into  two  divisions,  wliich 
connnunicate  with  eacli  other  through  the  pupil ;  viz.,  the  anterior  chamber,  situated  be- 
tween the  anterior  face  of  the  iris  and  the  cornea,  and  the  posterior  chamber,  between  the 
posterior  face  of  the  iris  and  the  crystalline.  It  is  evident,  from  the  position  of  the  iris, 
that  the  antei-ior  chamber  is  much  the  larger ;  and,  indeed,  the  posterior  surface  of  tho 
iris  and  the  anterior  surface  of  the  lens  are  in  contact,  except,  perhaps,  near  their  pe- 
riphery or  when  the  iris  is  very  much  dilated.  The  liquid  filling  tlic  chambers  of  the  eye' 
is  said  to  be  secreted  by  the  blood-vessels  of  the  ciliary  processes ;  at  all  events,  it  is  rap- 
idly reproduced  after  it  has  been  evacuated,  as  occurs  in  many  surgical  operations  upon 
the  eye. 

There  is  very  little  to  be  said  concerning  the  properties  and  composition  of  the  aque- 
ous humor.  It  is  perfectly  colorless  and  transparent,  faintly  alkaline,  of  a  specific  gravity 
of  about  1005,  and  possesses  the  same  index  of  refraction  as  the  cornea  and  the  vitreous 
humor.  As  we  should  infer  from  its  low  specific  gravity,  the  aqueous  humor  is  composed 
chiefly  of  water.  It  contains  a  small  quantity  of  an  albuminoid  matter,  but  it  is  not  ren- 
dered turbid  by  heat  or  other  agents  which  coagulate  albumen.  Various  inorganic  salts 
(the  chlorides,  sulphates,  phosphates,  and  carbonates)  exist  in  this  liquid,  in  small  propor- 
tion.   It  contains  also  traces  of  urea  and  glucose. 

Vitreous  JEfuinor.—Tha  vitreous  humor  is  a  clear,  glassy  substance,  occupying  about 
the  posterior  two-thirds  of  the  globe.  It  is  enveloped  in  an  exceedingly  delicate,  struct- 
ureless capsule,  called  the  hyaloid  membrane,  which  is  about  of  an  inch  m  thick- 
ness This  membrane  adheres  pretty  strongly  to  the  limitary  membrane  of  the  retma. 
In  front,  at  the  ora  serrata,  as  we  have  akeady  seen,  the  hyaloid  membrane  is  thickened 
and  becomes  continuous  with  the  suspensory  ligament  of  the  lens. 

The  vitreous  humor  itself  is  gelatinous,  of  feeble  consistence,  slightly  alkalme  m  its 
reaction,  with  a  specific  gravity  of  about  1005.  Upon  section,  there  oozes  from  it  a 
watery  fluid  of  a  slightly  mucilaginous  consistence.  This  humor  is  not  aftected  by  heat  or 
alcohol,  but  it  is  coagulated  by  certain  mineral  salts,  more  especially  the  acetate  ot  lead. 
When  thus  solidified,  it  presents  regular  layers,  like  the  white  of  an  egg  boded  m  its 
shell ;  but  these  are  artificial.  In  the  embryon,  the  vitreous  humor  is  divided  into  numer- 
ous httle  cavities  and  contains  cells  and  leucocytes.  It  is  also  penetrated  by  a  branch  from 
the  central  artery  of  the  retina,  which  passes  through  its  centre  to  ramify  on  the  po  te- 
rior  surface  of  the  crystalline  lens.  This  structure,  however,  is  not  found  in  the  adult, 
the  vitreous  humor  being  then  entirely  without  blood-vessels. 

There  is  still  considerable  difi'erence  of  opinion  with  regard  to      f'  ^^''^'^ 
vitreous  humor  in  the  adult,  some  anatomists  beheving  that  it  is  perfect  y  ^o^^S'^-lZ 
and  that  the  so-called  lamina,  are  produced  only  by  the  action  of  ^^^f^^^^^}'^'^^^^^^^ 
state  that  it  is  divided  into  compartments,  by  processes  l-°f  ".^J.  J'^"™,^^^^^^^ 
with  the  hyaloid  membrane.    The  weight  of  authority  is  decidedly  m  f-^^^HL  from 
division  of  [he  hmnor  into  compartments  formed  by  dehcate  -^^-^^  f  f^'f^  S 
the  point  of  penetration  of  the  optic  nerve  to  the  -^enor  boundary  w  ere  the  h  alo  d 
membrane  is  in  contact  with  the  capsule  of  the  lens.    In  this  ^'^^'f  ?  ^J^^^^^; 
up,  something  like  the  half  of  an  orange,  by  about  one  hundred  and  eighty  membian.u 
processes  of  extreme  delicacy,  which  do  not  interfere  with  its  transparency . 

Summary  of  the  Anatomy  of  the  Globe  of  the  Eye. 
For  the  intimate  structure  of  the  various  coats  of  the  eye,  ^Z^;'^ 
reader  is  referred  to  the  descriptions  just  given  of  these  pa  t.    I         ^umn    y,^  ^ 
propose  simply  to  show  the      ^t;.ons  of  the  vanous  pju.^^^^^^ 
brief  statement  of  their  physiological  importance.    This  end  win 
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explanation  of  Fig.  250,  which  represents  a  section  of  the  human  eye  and  shows  the 
relations  of  its  various  coats,  humors,  etc. 

The  eyeball  is  nearly  spherical  in  its  posterior  five-sixths,  its  anterior  sixth  being 
formed  of  the  segment  of  a  smaller  sphere,  which  is  slightly  projecting.  In  its  posterior 
live-sixths,  it  presents  the  following  coats,  indicated  in  the  figure  : 

S.  The  sclerotic ;  a  dense,  fibrous  membrane,  chiefly  for  the  protection  of  the  more 
delicate  structures  of  the  globe,  and  giving  attachment  to  the  muscles  which  move  the 
eyeball.    Attached  to  the  sclerotic,  are  the  tendons  of  R,  R,  the  recti  muscles. 


Fig.  150.—Secti(yii  of  the  human  eye,  copied  from  Helmholtz  and  slightly  modified. 


Cor.  The  cornea;  a  transparent  structure,  forming  the  anterior,  projecting  sixth  of 
the  globe  ;  dense  and  resisting,  allowing,  however,  the  passage  of  light ;  covered,  on  its 
convex  surface,  with  several  layers  of  transparent  epithelial  cells,  and,  on  its  posterior 
surface,  with  the  membrane  of  the  aqueous  humor. 

Cho.  The  choroid  coat,  lining  the  sclerotic  and  extending  only  as  far  forward  as  the 
cornea  ;  connected  with  the  sclerotic  by  loose  connective  tissue,  in  which  ramify  blood- 
vessels and  nerves,  and  presenting  an  external,  vascular  layer  and  an  internal,  pigmentary 
layer,  which  latter  gives  its  characteristic  dark-brown  color. 

C.  P.,  0.  P.  The  ciliai-y  processes ;  peculiar  folds  of  the  choroid,  which  form  its  ante- 
rior border,  and  which  embrace  the  folds  of  the  suspensory  ligament  of  the  lens. 

C.  M.,  0.  M.  The  ciliary  muscle,  formerly  called  the  ciliary  ligament ;  a  muscular  ring, 
situated  just  outside  of  the  ciliary  processes,  arising  from  the  circular  line  of  junction  of 
the  sclerotic  with  the  cornea,  and  passing  over  the  ciliary  processes,  to  become  lost  in 
the  fibrous  tissue  of  the  choroid.  This  is  sometimes  called  the  tensor  of  the  choroid.  Its 
action  is  to  tighten  the  choroid  over  the  vitreous  humor  and  to  relax  the  ciliary  processes 
and  the  suspensory  ligament  of  the  lens,  when  the  lens,  by  virtue  of  its  elasticity,  becomes 
more  convex.  The  cihary  muscle  is  the  active  agent  in  accommodation.  In  the  figure, 
the  mechanism  of  accommodation  is  shown  by  the  dotted  lines,  which  represent  the  sus- 
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peiisory  ligament  relaxed  by  the  contraction  of  the  ciliary  muscle,  and  the  lens,  increased 
in  its  convexity,  pusliing  forward  the  iris. 

I.  I.  The  iris  ;  dividing  tlie  space  in  front  of  the  lens  into  two  chambers  occupied  liy 
the  aqueous  humor  :  (A)  Tlie  anterior  chamber  is  much  the  larger.  The  iris,  in  its  (h  u- 
tral  portion  surrounding  the  pupil  (!'),  is  in  contact  with  the  lens.  Its  circumference  is 
just  in  front  of  the  line  of  origin  of  the  ciliary  muscle. 

Ret.  Ret.  The  retina;  an  exceedingly  delicate,  transparent  membrane,  lining  the 
choroid  and  extending  to  about  -^^  of  '^^''^  behind  the  ciliary  processes,  the  anterior  mar- 
gin forming  the  ora  serrata.  0.  The  optic  nerve  penetrating  tlie  retina  a  little  internal  to 
and  below  the  antero-posterior  axis.  The  layer  of  rods  and  cones  is  situated  externally, 
next  the  choroid.  Internal  to  the  layer  of  rods  and  cones,  are  the  four  granular  layers ; 
next  the  layer  of  nerve-cells ;  next,  the  expansion  of  the  fibres  of  the  optic  nerve ;  and 
next,'  in  apposition  with  the  hyaloid  membrane  of  the  vitreous  humor,  is  the  lunitary 
membrane.  The  layer  of  rods  and  cones  is  supposed  to  be  the  portion  which  receives 
visual  impressions,  the  rods  and  cones  being  connected  with  the  nerve-cells,  and  through 
them  with  the  fibres  of  the  optic  nerve,  by  delicate  filaments.  The  macula  lutea  and  the 
fovea  centralis  are  exactly  in  the  axis  of  distinct  vision. 

0.  The  crystalline  lens ;  elastic,  transparent,  enveloped  in  its  capsule  and  surrounded 
by  S.  L.,  S.  L.,  the  suspensory  ligament. 

S.  L.,  S.  L.  The  suspensory  ligament ;  the  anterior  layer  connected  with  the  anterior 
portion  of  the  capsule  of  the  lens,  and  the  postei-ior,  with  the  posterior  portion  of  the 
capsule  The  folded  portion  of  this  ligament,  which  is  received  between  the  folds  of  the 
ciliary  processes,  is  called  the  zone  of  Zinn.  The  triangular  canal  between  the  anterior 
and  the  posterior  layers  of  the  suspensory  ligament  and  surrounding  the  equator  of  the 
lens  is  called  the  canal  of  Petit. 

V.  The  vitreous  humor ;  enveloped  in  the  structureless  hyaloid  membrane,  which 
membrane  is  continuous  in  front  with  the  suspensory  ligament  of  the  lens. 


Refraction  in  the  Eye. 

It  is  simply  impossible  to  obtain  a  clear  idea  of  the  physiology  of  vision  without  hav- 
ing carefully  studied  the  physiological  anatomy  of  the  visual  organs;  and,  for  this  rea- 
son, we  ha;e  been  as  exact  as  possible  and  somewhat  minute  m  our  description  of  the 
structure  of  the  eye.  If  the  student  will  carefully  study  the  anatomy  of  the  parts  a 
feiT  succinct  statement  of  some  of  the  well-established  laws  of  refraction  will  render 
the  physiology  so  simple  that  it  will  follow  almost  without  explanation. 

In  applying  the  laws  of  the  refraction  of  light  to  the  transi>arent  media  of  he  eye 
it  is  necessary  to  bear  in  mind  certain  general  facts  with  regard  to  vision,  that  have  as 
yet  been  referred  to  either  very  briefly  or  not  at  all. 

The  eye  is  not  by  any  means  a  perfect  optical  mstrument,  looking  at  it  f  om  a  purely 
phyltl  Joint  of  view.  This  statement,  however,  should  not  be  understood  as  implying 
tltZ  Iri-angement  of  the  organs  of  vision  is  not  such  as  to  adapt  them  perfectly  to  the 
f';  Uons  wiich  they  have  to'perform  in  connection  with  the  f^^  l^^lXlZt 
visual  impressions.  By  physical  tests,  it  can  be  demonstrated  ^^l^^^^l 
achromatic;  but,  in  ordinary  vision,  the  dispersion  of  f  11  ^°  'XMelf disto  ' 
is  but  a  single  point  in  the  retina,  the  fovea  centralis,  where  vision  is  ^^^"l^^^  f  f ' 
andtlTponS^  point  that  im'ages  are  made  to  fall  when  the  eye  is  directed  towaid 

^^^iH" t  note,  however,  that  the  reacting  apparatus  is  -t^c«y  centre,^ 
condition  so  essential  to  the  satisfactory  performance  ot  our  ^^^^  cen  le^^^^^^^^^ 
ments.    For  example,  in  a  compound  microscope  or  a  telescope,  ^^^^^^l  ^  ^  ^^^^ 
ent  lenses  entering  into  the  construction  of  the  instrument  are  ^  eoindde  S' 

line.    Were  the  eye  a  perfect  optical  instrument,  the  hue  ot  vision  ^^ould  coincide 
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actly  with  the  axis  of  tlio  cornea ;  but  this  is  not  the  case.  Tlio  visual  lino  (a  line  drawn 
from  au  object  to  its  imago  on  tho  fovea  centralis)  deviates  from  tbo  axis  of  tiio  cornea, 
in  normal  eyes,  to  tho  nasal  side.  Tlie  visual  line,  therefore,  forms  an  angle  with  the 
axis  of  the  cornea.  This  is  known  as  tho  angle  alpha.  This  deviation  of  the  visual 
line  from  the  mathematical  centre  of  the  eye  is  observed  both  in  the  horizontal  and  in 
the  vertical  planes.  "  Tho  horizontal  deviation  varies  from  two  to  eight  degrees  (Schuer- 
maii),  the  vertical,  from  one  to  throe  degrees  (MandeUtamm)."  .Of  .  course,  this  want  of 
exact  centration  of  the  optical  apparatus,  in  normal  eyes,  does  not.  practically  affect  dis- 
tinct vision,  for,  when  the  eyes  are  directed  toward  any  object,  this  object  is  brought  in 
the  line  of  the  visual  axis;  but  the  angle  alpha  is  an  important  element  to  be  taken  into 
account  in  various  mathematical  calculations  connected  with  the  physics  of  the  eye. 

The  field,  or  area  of  distinct  vision,  is  quite  restricted  ;  but,  were  it  larger,  it  is  proba- 
ble that  the  mind  would  become  confused  with  the  extent  and  variety  of  the  impressions, 
and  that  we  should  be  unable  so  easily  to  observe  minute  details  and  fix  the  attention 
upon  small  objects. 

While  we  see  certain  objects  with  absolute  distinctness  in  a  restricted  field,  the  angle 
of  vision  is  very  wide,  and  rays  of  light  .are. admitted  from  an  area  equal  nearly  to  the 
half  of  a  sphere.  Such  a  provision  is  eminently  well  adapted  to  our  requirements.  "We 
direct  the  eyes  to.a  particular  point  and  see  a  certain  .object  distinctly,. getting  the  advan- 
tage of  an  image  in  the  two  eyes  exactly  at  the  .  points  of  distinct  vision  ;  the  rays  com- 
ing from  without  the  area  of  distinct  vision  are  received  upon  different .  portions  of  the 
siu-face  of  the  retma  and  produce  an  impression  more  or  less  indistinct,  not  interfering 
with  the  observation  of  the  particular  object  to  which  the  attention  is  for  the  moment 
directed;  but,  even  while  looking  intently  at  any  object,  the  attention  may  be  attract- 
ed by  another  object. of  an  unusual  character,  which  might,  for  example,  convey  an  idea 
of  danger,  and  the  point  of  distinct  vision  can  be  turned  in  its  direction.  Thus,  while 
we  see  distinctly  but  few  objects  at  one  time,  the  area  of  indistinct  vision  is  immense  ; 
and  our  attention  may  be  readily  directed  to  unexpected  or  unusual  objects  that  may 
come  within  any  portion  of  the  field  of  view.  The  small  extent  of  the  area  of  distinct 
vision,  especially  for  near  objects,  may  be  readily  appreciated  if  we  watch  a  person 
attentively  reading  a  book,  when  the  eyes  will  be  seen  to.  follow  the  lines  from  one  side 
of  the  page  to  the  other  with  perfect  regularity.  When  we  consider  that,  in  addition  to 
these  remarkable  qualities,  which  are  never  thought  of  in  artificial  optical  instruments, 
the  eye  may  be  accommodated  at  will,  with  the  most  exquisite  nicety,  to  vision  at  differ- 
ent distances,  and  that  we  possess  correct  appreciation  of  form,  etc.,  by  the  use  of  the 
two  eyes,  it  is  evident  that  the  organ  of  vision  gains  rather  than  loses  in  comparison  with 
the  most  perfect  instruments  that  have  ever  been  or  probably  ever  will  be  constructed. 

Latcs  of  Refraction,  Disiiersion,  etc.,  hearing  upon  the  Physiology  of  Vision. — In 
the  present  state  of  physiological  science,  we  have  little  to  do  with  the  theory  of 
light,  except  as  regards  the  modifications  of  luminous  rays  in  passing  through  the  re- 
fracting media  of  the  eye.  It  will  be  sufficient  to  state  that  nearly  all  physicists  of  the 
present  day  agree  in  accepting  what  is  known  as  the  theory  of  undulation,  rejecting  in 
toto  the  emission-theory  proposed  by  Newton.  It  is  necessary  to  the  tlieory  of  undula- 
tion to  assume  that  all  space  and  all  transparent  bodies  are  permeated  with  what  has  been 
called  a  luminiferous  ether ;  and  that  light  is  propagated  liy  a  vibration  or  an  undulation 
of  this  hypothetical  substance.  This  theory  assimilates  light  to  sound,  in  the  mechanism 
of  its  propagation  ;  but,  in  sound,  the  waves  are  supposed  to  be  longitudinal,  or  to  fol- 
low tlio  line  of  propagation,  while  in  light  the  particles  are  supposed  to  vibrate  trans- 
versely, or  at  right  angles  to  the  line  of  propagation.  It  must  be  remembered,  however, 
that  the  undulatory  theory  of  sound  is  capable  of  positive  demonstration,  and  that  tho 
propagation  of  sound  by  waves  can  only  take  place  through  ponderable  matter,  tho 
vibrations  of  which  can  always  be  observed;  while  luminous  vibrations  involve  the 
50 
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existenco  of  an  inipintlorablo  and  a  \mvo\y  Iiypotliolical  etlicr.  It  is  possible,  indeed,  tliat 
scientific  facts  nmy,  in  the  future,  render  tlie  existence  of  Hucli  an  etlier  iniprobaiile  or  its 
supposition  unnecessary ;  but,  at  present,  all  we  can  say  is  that  the  theory  of  luiniuoiiB 
undulation  is  entirely  in  accord  with  the  optical  phenomena  that  have  thus  far  been  rec- 
ognized. 

The  different  calculations  of  physicists  with  regard  to  the  velocity  of  light  have  been 
remarkably  uniform  in  their  results.  The  lowest  calculations  put  it  at  about  185,000 
miles  in  a  second,  and  the  highest,  at  about  195,000  miles.  The  rate  of  propagation  is 
usually  assumed  to  be  about  192,000  miles. 

The  intensity  of  light  is  in  proportion  to  the  amplitude  of  the  vil)rations.  The  inten- 
sity diminishes  as  the  distance  of  the  luminous  body  increases,  and  is  in  inverse  ratio  to 
the  stjuare  of  the  distance. 

In  the  theory  of  the  colors  into  which  pure  white  light  may  be  decomposed  by  prisms, 
it  is  assumed,  as  a  matter  of  demonstration,  that  the  waves  of  the  different  colors  of  the 
solar  spectrum  are  not  of  the  same  length.  The  decomposition  of  light  is  produced  by 
differences  in  the  refrangibility  of  the  different  colored  rays  as  they  pass  through  a  denser 
medium  than  the  air.  The  differences  in  the  wave-lengths  for  different  colors  is  very 
simply  set  forth  by  Tyndall  as  follows : 

"  The  color  of  light  is  determined  solely  by  its  wave-length.  The  ether-waves  grad- 
ually diminish  in  length  from  the  red  to  the  violet.  The  length  of  a  wave  of  red  light  is 
about  of  an  inch  ;  that  of  the  wave  of  violet  light  is  about  -^ji^  of  an  inch.  The 

waves  which  produce  the  other  colors  of  the  spectrum  he  between  these  extremes. 

"  The  velocity  of  ligM  being  192,000  miles  in  a  second,  if  we  multiply  this  number 
by  39,000,  we  obtain  the  number  of  waves  of  red  light  in  192,000  miles ;  the  product  is 
474,439,680,000,000.  All  of  these  waves  enter  the  eye  in  a  second.  In  the  same  inter- 
val 699,000,000,000,000  waves  of  violet  light  enter  the  eye.  At  this  prodigious  rate  is 
the  retina  hit  by  the  waves  of  light. 

"  Color,  in  fact,  is  to  light,  what  pitch  is  to  sound.  The  pitch  of  a  note  depends 
solely  on  the  number  of  aerial  waves  which  strike  the  ear  in  a  second.  The  color  of 
light  depends  on  the  number  of  ethereal  waves  which  strike  the  eye  m  a  second 
Thus  the  sensation  of  red  is  produced  by  imparting  to  the  optic  nerve  four  hundred  and 
seventy-four  miUions  of  millions  of  impulses  per  second,  while  the  sensation  of  violet  is 
produced  by  imparting  to  the  nerve  six  hundred  and  ninety-mne  miUions  of  millions  pe 
second."  In  this  wav  the  scale  of  colors  in  the  solar  spectrum  is  compai-ed  to  the  scale 
of  musical  notes  and 'intervals.  Indeed,  Helmholtz  has  constructed  a  theoretical  scale 
of  colors  to  correspond  with  musical  tones  and  semitones. 

The  analysis  of  white  light  into  the  different  colors  of  the  spec  rum  i  is 

compound;  and,  by  synthesis,  the  colored  rays  may  be  brought  togethei^^  p  oduc ng 
white  light.    Colors  may  be  obtained  by  decomposition  of  hght  1^.^  transpaient  bod  e 
the  different  colored  rays  being  refracted,  or  bent  by  a  prism  at  different  angles^  It  s 
not  in  this  way,  however,  that  the  colors  of  different  objects  «re  produced     C  rt  n 
objects  have  the  property  of  reflecting  the  rays  of  ligh  •    ^-^T  ^  ^ Ts  no  ^oTo  he 
surface,  like  a  min-oi  may  reflect  all  of  the  rays  ;  and  the  object  then  ^^^^  ^^^^^^^ 
reflected  light  only  being  appreciated  by  the  eye.    Certain  other  ^Jj^^^  ^^^^  '^^^ 
all  of  the  rays  of  light,  some  of  them  being  lost  to  view  or  absorbed.  J^l^e"  ^"^^^^^^ 
absorbs  all  of  the  ra^ys  it  has  no  color  and  is  called  black.    When  - 
rays  equally  and  reflects  a  portion  of  these  rays  without  '^,«!'«'^l'^f  ' 
wWte.    Thire  are  many  objects,  however,  that  decompose  whit,  ^'f  ^-^J 
rays  of  the  spectrum  and  reflecting  others.    The  rays  not  ;^l^«orb  d,  bu 
the  eye  by  reflection,  give  color  to  the  object.    Thus,  if  an  ,  ,2* 

of  the  spectrum  exc;pt  the  red,  the  red  rays  strike  the  eye,  and  the  color  o  ob  ec 
is  red.  So  it  is  with  objects  of  different  shades,  the  colors  of  winch  are  given  simp., 
by  the  unabsorbed  rays. 
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It  is  a  curious  fact  that  the  mixture  of  difierent  colors  in  certain  proportions  will 
result  in  white.  Two  colors,  which,  when  mixed,  result  in  white,  arc  called  complemen- 
tary.   The  following  colors  of  the  si)ectrum  bear  such  a  relation  to  each  other : 

Red  and  greenish -blue. 

Orange  and  cyanogen-blue. 

Yellow  and  indigo-blue. 

Greenish-yellow  and  violet. 
The  fact  that  impressions  made  upon  the  retina  persist  for  an  appreciable  length  of 
time  enables  us  to  illustrate  the  law  of  complementary  colors.    If  a  disk,  presenting 
divisions  with  two  complementary  colors,  be  made  to  revolve  so  rapidly  that  the  impres- 
sions made  by  the  two  colors  are  blended,  the  resulting  color  is  white. 

It  is  almost  useless,  with  our  present  knowledge,  to  speculate  with  regard  to  the  prob- 
able mechanism  of  the  appreciation  of  colors  in  vision.  The  facts  just  stated  are  suffi- 
ciently clear,  showing  that  the  number  of  ethereal  vibrations  is  difterent  for  different 
colors  ;  but  it  is  by  no  means  determined  that  differences  in  the  amplitude  of  the  vibra- 
tions are  in  direct  relation  with  the  arrangement  of  the  disks  of  the  rods  and  cones  in 
different  portions  of  the  retina,  a  theory  lately  proposed  by  Zenker.  The  curious  phe- 
nomena of  color-blindness  depend  upon  an  abnormal  condition  of  the  visual  apparatus. 
Persons  possessing  this  peculiarity — called  sometimes  Daltonism,  after  the  celebrated 
English  chemist,  who  described  this  infirmity  as  it  existed  in  his  own  person — although 
vision  may  be  normal  in  other  respects,  cannot  distinguish  certain  colors,  will  mistake  red 
for  green,  etc.,  and  some  can  only  distinguish  black  and  white.  It  is  a  curious  fact,  also, 
that  persons  affected  with  color-bhndness  (Daltonism,  or  achromatopsia)  are  sometimes 
incapable  of  distinguishing  different  musical  tones.  Although  often  congenital  and  irre- 
mediable, it  is  now  known  that  color-blindness  is  sometimes  produced  by  the  excessive 
use  of  alcohol  and  tobacco,  exposure  to  cold  and  wet,  etc.,  and  is  amenable  to  treatment. 

Eefraction  ly  Lenses. — A  ray  of  light  is  an  imaginary  pencil,  so  small  as  to  present 
but  a  single  line  ;  and  the  light  admitted  to  the  interior  of  the  eye  by  the  pupil  is  sup- 
posed to  consist  of  an  infinite  number  of  such  rays.  In  studying  the  physiology  of 
vision,  it  is  important  to  recognize  the  laws  of  refraction  of  rays  by  transparent  bodies 
bounded  by  curved  surfaces,  with  particular  reference  to  the  action  of  the  crystalline  lens. 


Fig.  2.')1. — Uefraction  hy  prisma. 


The  action  of  a  donble-convex  lens,  like  the  crystalline,  in  the  refraction  of  light 
may  be  readily  understood  if  we  simply  apply  the  well-known  laws  of  refraction  by 
prisms.    A  ray  of  light  falling  upon  the  side  of  a  prism  at  an  angle  is  deviated  toward 
a  lino  perpendicular  to  the  surface  of  the  prism.    As  the  ray  passes  from  the  prism  to 
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the  air,  it  is  again  refracted,  but  then  the  deviation  is  iron,  tl.e  perpendicular  ot  ho  sec- 
ond surface  oF  the  prism.  If  wo  imagine  two  priHn.s  placed  together,  as  m  lug  251,  the 
TI  b  will  be  bent  toward  the  perpendicular  G  B  to  M.  M  >t  passes  tro.n  the  pn.m, 
[t  wm  beTefracted  from  the  perpendicular  II  M  and  take  the  dn-eet.on  M^J^^;  (Jorrespond- 
fn^'^eJ-^.  takes^^^^^^^^  in  IhJray  N  O  falling  upon  the  lower  prism.  .  .These  two  rays 

A^irt  s:^;::^  to  C>l:alent  to  a  polygon  with  an.  infinito  nmnber  of  side. 
A  regular  double-convex  lens  is  a  transparent  body  bounded  by  portions  of  a  sphere,  and 
H  may  be  assumed  to  be  composed  of  an  infinite  number  of.pnsms  ,Ihe  action  of  a  con- 
ve  "ens  is  to  converge  the  rays  of  light  falling  upon  difi-erent  portions  ot.t  .e,r,  surface  so 
S  they  cross  at  a  certain  distance  behind  the  lens.  If  we  imagine  the  lens  A  B  (Fig 
252  to  be   "e  from  spherical  aberration,  the  rays  0  D  and  C  E,  from  the  pomt  0,  will 


Fig.  ihi— Refraction Vy  convex  leneee. 
be  refracted  ..i  brought  to  a  fo»s  at  tb.  point  F    In  ^•'''^^^H^^l  '^^Z^. 

from  an  object  0  K  fall  upon  ^^f^^^T^ tance  ^rAhe    n  tb'at  the  rays 

rStr^^^ei:s^:-^^^ 

"^CS;:^""^^-eS^^^^       -m  spherical  a^  c^.atic  aberration,  tlie 

forinat'on  of'a  perfect  image  depends  upon  tbe      --S/^f  ^^^^^^^^^         too  near,  the 

The  object  must  be  at  a  certain  distance  from  tb  len-     f  bject^^^^ 
rays,  as  they  strike  the  lens,  are  too  divergent  and .  ai  e  biougni  ^^nfused.  In 

plL'e  LIE^or  behind  the  ^  ^ ^^l^rd^^^^ 

optical  instruments,  the  adjustment  ^  "^'^^^       ^^^^.t  by  increasing  or  diniin- 

the  lens  itself.    In  the  eye,  however,  the  f  J'^^^^f  *  ^^^^'^  brou<.ht  to  a  focus  at  .the 
isbing  the  curvatores  of  the  lens,  so  tba  the  rays  ^^^J^Jl^^  "^:,.,^,^r.s  of  the  crys- 
visual  snrfaee  of  the  retina.    The  faculty  of  thus  d  a^igm  « 
talline  lens  is  called  accommodation.    This  power,  ho^^  evei, 

well-defined  limits.  .      Vo,,,»+«v     tbe  eve  is  too  long,  and  the 

In  some  individuals,  the  antero-posterior  diametei  of  the  ^^^^    This  defect  maybe 

rays,  for  most  objects,  come  to  a  focus  belore  ^^^f^fj^^tse  the  divergence  of  the 
remedied  by  placing  the  ol^ject  very  near  the  eye,  ^'^^^  near-sighted  (myopic), 

rays  as  they  strike  the  crystalline.    Such  persons  aie /aia  ^^^^^^  ^^^^ 

and  objects  are  seen  distinctly  only  when  very  near  the  eye. 
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died  for  distant  objects  by  placing  concave  lenses  before  the  eyes,  by  wbicli  the  rays 
tailing  upon  the  crystalline  are  diverged.  The  opposite  condition,  in  which  the  antero- 
posterior diameter  is  too  short  (hypermetropia),  is  such  that  the  rays  are  brought  to  a 
focus  behind  the  retina.  This  is  corrected  by  converging  the  rays  of  incidence  by  plac- 
ing convex  lenses  before  the  eyes.  In  old  age,  the  crystalline  lens  becomes  flattened,  its 
elasticity  is  diminished,  and  tbe  power  of  accommodation  is  lessened  ;  conditions  which 
also  tend  to  bring  the  rays  to  a  focus  behind  the  retina.  This  condition  is  called  pres- 
byopia. To  render  near  vision,  as  in  reading,  distinct,  objects  are  placed  farther  from 
the  eye  than  nnder  normal  conditions.  The  defect  may  be  remedied,  as  in  hypermetro- 
pia, by  placing  convex  lenses  before  the  eyes,  by  which  the  rays  are  converged  before 
they  fall  upon  the  crystalline  lens. 

The  mechanism  of  accommodation  will  be  fully  considered  in  connection  with  the 
physiology  of  the  crystalline  lens  ;  and  at  present,  it  is  sufficient  to  state  that,  in  looking  at 
distant  objects,  the  rays,  as  they  fall  upon  the  lens,  are  nearly  parallel.  The  lens  is  then 
m  repose,  or  "indolent."  It  is  only  when  an  effort  is  made  to  see  near  objects  distinctly, 
that  the  agents  of  accommodation  are  called  into  action  ;  and  then,  very  slight  changes 
in  the  curvature  of  the  lens  are  sufficient  to  bring  the  rays  to  a  focus  exactly  on  the 
visual  surface  of  the  retina. 

Spfierical  Aberration— In.  a  convex  lens,  with  its  surfaces  consisting  of  portions  of  a 
perfect  sphere,  the  rays  of  light  from  any  object  are  not  converged  to  a  uniform  focus, 
and  the  production  of  an  absolutely  distinct  image  is  impossible.  For  example,  if  we 
suppose  the  crystalline  lens  to  present  regular  curvatures,  the  rays  refracted  by  its  periph- 
eral portion  would  be  brought  to  a  focus  in  front  of  the  retina ;  the  focus  of  the  rays 
converged  by  the  lens  near  its  centre  would  be  behind  the  retina ;  a  few,  only,  of  the 
rays  would  have  their  focus  at  the  retina  itself;  and,  as  a  consequence,  the  image  would 
appear  confused.  This  is  illustrated  in  imperfectly-corrected  lenses  and  is  called  spherical 
aberration.  For  example,  in  examining  an  object  with  an  imperfectly-corrected  objec- 
tive under  the  microscope,  it  is  evident  that  the  field  of  view  is  not  uniform,  and  that 
there  is  a  different  focal  adjustment  for  the  central  and  the  peripheral  portions  of  the 
lens.  In  the  construction  of  optical  instruments,  this  difficulty  may  be  in  part  corrected 
if  the  rays  of  light  be  cut  off  fi-om  the  periphery  of  the  lens  by  a  diaphragm,  which  is 
an  opaque  screen  with  a  circular  perforation  allowing  the  rays  to  pass  to  a  restricted  por- 
tion of  the  lens  near  its  centre.  The  iris  corresponds  to  the  diaphragm  of  optical  instru- 
ments, and  it  corrects  the  spherical  aberration  of  the  crystalline  in  part,  by  eliminating  a 
portion  of  the  rays  that  would  otherwise  fall  upon  its  peripheral  portion.  But  this  cor- 
rection is  not  sufficient  for  high  magnifying  powers  ;  and  it  is  only  by  the  more  or  less 
perfect  correction  of  this  kind  of  aberration  by  other  means,  that  powerful  lenses  have 
been  rendered  available  in  optics. 

The  spherical  aberration  of  lenses  which  diverge  the  rays  of  light  is  precisely  opposite 
to  the  aberration  of  converging  lenses.  If,  therefore,  we  construct  a  compound  lens,  it 
is  possible  to  fulfil  the  conditions  necessary  to  the  convergence  of  all  the  incident  rays  to 
a  focus  on  a  uniform  plane,  so  that  the  image  produced  behind  the  lens  is  not  distorted. 
Given,  for  example,  q.  doiible-convex  lens,  by  which  the  rays  are  brought  to  innumerable 
focal  points  situated  in  different  planes.  The  fact  that  but  a  few  of  these  focal  points  are 
in  the  plane  of  the  retina  renders  the  image  indistinct.  'If  we  place  behind  this  convex 
lens  a  concave  lens,  hy  the  action  of  which  the  rays  are  more  or  less  diverged,  the  ine- 
quality of  the  divergence  hy  different  ])ortions  of  the  second  lens  will  have  the  following 
effect :  As  the  angle  of  divergence  gradually  increases  iVom  the  centre  toward  the  periph- 
ery, the  rays  near  the  periphery,  which  are  most  powerfully  converged  hy  the  convex 
lens,  will  be  most  widely  diverged  by  the  peripheral  portion  of  the  concave  lens ;  so  that, 
if  the  opposite  curvatures  be  accurately  adjusted,  the  aberrant  rays  may  be  blended.  It 
is  evident  that,  if  all  of  the  rays  were  o(]iial]y  converged  by  the  convex  lens  and  equally 
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diverged  by  tlio  concave  Ions,  the  action  of  tbo  latter  would  be  simply  to  elongate  the 
focal  distance ;  and  it  is  equally  evident  that,  if  the  aberration  of  the  one  bo  exactly  oppo- 
site to  the  aberration  of  the  other,  there  will  be  perfect  correction.  Mechanical  art  has 
not  enabled  us  to  etiect  correction  of  every  portion  of  very  powerful  convex  lenses  in  this 
way ;  but,  by  a  combination  of  lenses  aud  diaphragms  together,  highly-magnified  images, 
nearly  perfect,  have  been' produced. 

It  is  evident  that,  for  distinct  vision  at  different  distances,  the  crystalline  lens  must  be 
nearly  free  from  spherical  aberration.  This  is  not  effected  by  a  combination  of  lenses,  as 
in  ordinary  optical  instruments,  but  by  the  curvatures  of  the  lens  itself,  aud  by  certain 
differences  in  the  consistence  of  different  portions  of  the  lens,  which  will  be  fully  con- 
sidered hereafter. 

Ghromatio  Aberration.— We  have  already  alluded  to  the  fact  that  a  refracting  medium 
does  not  act  equally  upon  the  different  colored  rays  into  which  pure  white  light  may  be 
decomposed  ;  in  other  words,  as  the  pure  ray  falling  upon  the  inclined  surface  of  a  glass 
prism  is  bent,  it  is  decomposed  into  the  colors  of  the  spectrum.  As  a  convex  lens  is 
practically  composed  of  an  infinite  number  of  prisms,  the  same  effect  would  be  expected. 
Indeed,  a  simple  convex  lens,  even  if  the  spherical  aberration  be  corrected,  always 
produces  more  or  less  decomposition  of  light.  The  image  formed  by  such  a  lens  wdl 
consequently  be  colored ;  and  this  defect  in  simple  lenses  is  called  chromatic  aberration. 
At  the  same  time,  it  is  evident  that  the  centre  of  the  different  rays  from  an  object  will  be 
composed  of  all  the  colors  of  the  spectrum  combined,  producing  the  effect  of  white  hght; 
but  at  the  borders,  the  different  colors  wiU  be  separate  and  distinct,  and  an  image  pro- 
duced by  a  simple  convex  lens  wiU  thus  be  surrounded  by  a  circle  of  colors  like  a  ram- 

^'""in  prisms,  the  chromatic  dispersion  may  be  corrected  by  allowing  the  colored  rays 
from  one  prism  to  fall  upon  a  second  prism,  which  is  inverted,  so  that  the  colors  wdl  be 
brought  together  and  produce  white  light.  Two  prisms  thus  appHed  to  each  other  eou- 
stitute,  in  fact,  a  flat  plate  of  glass,  and  the  rays  of  light  pass  without  deviation.  If  thi. 
law  be  applied  to  lenses,  it  is  evident  that  the  dispersive  power  of  a  convex  lens  may  be 
exactly  opposite  to  that  of  a  concave  lens.  By  the  convex  lens,  the  colored  rays  are 
separated  by  convergence  and  cross  each  other;  while,  in  the  concave  lens,  the  colored 
rays  are  dispersed  in  the  opposite  direction.  If,  then,  we  combine  a  convex  witti  a  con- 
cave lens,  the  white  UgM  decomposed  by  the  one  wiU  be  recomposed  by  the  other,  and 
the  chromatic  aberration  will  thus  be  corrected.  But,  in  usmg  a  convex  ^^d  a  c^^^^^^^^^ 
lens  composed  of  the  same  material,  the  convergence  by  the  one  will  be  neutralized  by 
the  dispersion  of  the  other,  and  there  wiU  be  no  amplification  of  the  o^p^t- 

In  the  construction  of  optical  instruments,  the  chromatic  '^^-f  ^^J^J 
but  slight  diminution  in  the  amplification,  by  combinmg  lenses  made  of  d^^^^;^*  m^^^^^^^ 
as  of  flint-glass  and  crown-glass.    Flint-glass  has  a  much  greater  'i'^P-^-^^-l.f 
crown-glass.    If,  therefore,' we  use  a  convex  lens  of  crown-glass  combmed        a  concave 
lens  of  flint-glasi  the  chromatic  aberration  of  the  convex  lens  may  l^^^-'-^^^^/^/;;,;. 
cave  lens  with  a  curvature  which  will  take  but  little  from  the  "^^i^-^fy/^^^^^^^^^ 
pound  lens,  with  the  spherical  aberration  of  the  convex  f^^^*  "J^'^, 
of  a  eoncaU  lens,  and  the  chromatic  aberration  corrected  by  the      ^^^u  e,  n  pa^^^^^^^ 
in  part  by  the  superior  refractive  power  of  flint-glass  over  crown-glass,  .mH  p.oa 

'iSblS^  tL  eye  is  not  absolutely  achromatic,  the  dispersion  of  light  is  not  sufficient 
to  interfere  with  distinct  vision.    We  can  understand  how  the  ^1--  -  f  ^'^^^^ 
practically  corrected  in  the  crystalline  lens,  when  we  remembei  that  its  >ai.o  . 
are  of  different  consistence  and  of  different  refractive  power. 
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Formation  of  Images  in  the  Eye. 

It  is  only  necessary  to  call  to  mind  tlie  general  arrangement  of  tlio  dilierent  structures 
in  the  eye  and  to  apply  the  simple  laws  of  refraction,  to  comprehend  precisely  how  images 
are  formed  upon  the  retina. 

The  eye  corresponds  to  a  camera  obscura.  Its  interior  is  lined  with  a  dark,  pigment- 
ary membrane  (the  choroid),  the  function  of  which  is  to  prevent  the  confusion  of  images 
by  internal  reflection.  The  rays  of  light  are  admitted  through  a  circular  opening  (the 
pupil),  the  size  of  which  is  regulated  by  the  movements  of  the  iris.  The  pupil  is  contracted 
when  the  light  striking  the  eye  is  intense  and  is  dilated  as  the  amount  of  light  is  dimin- 
ished. In  the  accommodation  of  the  eye,  the  pupil  is  dilated  for  distant  objects  and  con- 
tracted for  near  objects  ;  for,  in  looking  at  near  objects,  the  aberrations  of  sphericity  and 
achromatism  in  the  lens  are  more  marked,  and  the  peripheral  portion  is  cut  off  by  the 
action  of  this  movable  diaphragm,  thus  aiding  the  correction.  The  rays  of  light  from  an 
object  pass  through  the  cornea,  the  aqueous  humor,  the  crystalline  lens,  and  the  vitreous 
humor,  and  they  are  refracted  with  so  little  spherical  and  chromatic  aberration,  that  the 
image  formed  upon  the  retina  is  practically  perfect.  The  layer  of  rods  and  cones  of  the 
retina  is  the  only  portion  of  the  eye  endowed  directly  with  special  sensibility,  the  impres- 
sions of  light  being  conveyed  to  the  brain  by  the  optic  nerves.  This  layer  is  situated 
next  the  choroid,  but  the  other  layers  of  the  retina,  through  which  the  light  passes  to 
reach  the  rods  and  cones,  are  perfectly  transparent. 

It  has  been  positively  demonstrated  that  the  rods  and  cones  are  the  only  structures 
capable  of  directly  receiving  visual  impressions,  by  the  following  interesting  experiment, 
first  made  by  Pm-kinje:  "We  concentrate  upon  the  sclerotic,  with  a  convex  lens  of  short 
focus,  an  intense  light,  at  a  point  as  far  as  possible  removed  from  the  cornea.  This  passes 
through  the  translucent  coverings  of  the  eye  at  this  point,  and  the  image  of  the  light 
reaches  the  retina.  If  we  then  look  at  a  dark  surface,  we  have  the  field  of  vision  present- 
ing a  reddish-yellow  illumination,  with  a  dark,  arborescent  appearance  produced  by  the 
shadow  of  the  large  retinal  vessels ;  and,  as  we  move  the  lens  slightly,  the  shadow  of  the 
vessels  moves  with  it.  Without  going  elaborately  into  the  mechanism  of  this  remarkable 
phenomenon,  it  is  sufiicient  to  state  that  Heim-ich  MiiUer  has  arrived  at  an  absolute  mathe- 
matical demonstration  that  the  shadows  of  the  vessels  are  formed  upon  the  layer  of  rods 
and  cones,  and  that  this  layer  alone  is  capable  of  receiving  impressions  of  light.  His  ex- 
planation is  accepted  by  all  writers  at  the  present  day  and  is  regarded  as  positive  proof 
of  the  peculiar  sensibility  of  this  portion  of  the  retina.  In  carefully-conducted  observa- 
tions of  this  kind,  a  spot  is  seen  in  which  no  vessels  appear,  which  corresponds  to  the 
fovea  centralis.  When  the  experiment  is  prolonged,  the  vessels  disappear,  as  the  sensi- 
bility of  the  retina  becomes  diminished  by  fatigue. 

Theoretically,  an  illuminated  object  placed  in  the  angle  of  vision  would  form  upon  the 
retina  an  image,  diminished  in  size  and  inverted.  This  fact  is  capable  of  actual  demon- 
stration by  means  of  the  ophthalmoscope.  With  this  instrument,  the  retina  and  the  im- 
ages formed  upon  it  may  be  seen  during  life  with  perfect  distinctness. 

All  parts  of  tlie  retina,  except  the  point  of  entrance  of  the  optic  nerve,  are  sensitive  to 
light ;  and  the  arrangement  of  the  cornea  and  pupil  is  such,  that  the  field  of  vision  is,  at 
the  least  estimate,  equal  to  the  half  of  a  sphere.  If  a  ray  of  light  fall  upon  the  border  of 
the  cornea  at  a  right  angle  to  the  axis  of  the  eye,  it  is  ^"efracted  by  its  surface  and  will 
pass  through  the  pupil  to  the  border  of  the  retina  upon  the  opposite  side.  Above  and 
below,  the  circle  of  vision  is  cut  off  by  the  overhanging  arch  of  the  orbit  and  the  malar 
prominence;  but  externally  the  field  is  free.  With  the  two  eyes,  therefore,  the  lateral 
field  of  vision  must  be  equal  to  at  least  one  hundred  and  eighty  degrees.  It  is  easy  to 
demonstrate,  however,  by  the  ophthalmoscope,  as  well  as  by  taking  cognizance  of  the 
impressions  made  by  objects  far  removed  from  the  axis  of  distinct  vision,  that  ihiages 
formed  upon  the  lateral  and  peripheral  portions  of  the  retina  are  confused  and  imperfect. 
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We  have  a  knowledge  of  the  presence  and  an  indefinite  idea  of  tlie  general  form  of  large 
objects  situated  outside  of  the  area  of  distinct  vision  ;  but,  when  wc  wish  to  note  such 
objects  exactly,  the  eyeball  is  turned  by  muscular  eftbrt,  so  as  to  bring  tliem  at  or  very 
near  the  axis  of  the  globe.  This  fact,'with  what  we  know  of  the  moclianisin  ol  reiraetion- 
by  the  cornea  and  lens,  makes  it  evident  that  tlie  area  of  the  return  upon  which  images 
are  formed  with  perfect  distinctness  is  quite  restricted.  A  moment's  reflection  is  sufficient 
to  convince  any  one  that,  in  order  to  see  any  object  distinctly,  we  must  look  at  it,  or 
bring  the  axis  of  the  eye  to  bear  upon  it  directly.  Let  us  see,  now,  how  far  this  fact  is 
capable  of  positive  demonstration. 

If  we  examine  the  bottom  of  the  eye  Avith  the  ophthalmoscope,  wo  can  see  the  yellow 
spot  with  the  fovea  centralis,  apparently  free  from  blood-vessels,  and  composed,  as  we 
know,  chiefly  of  those  elements  of  the  retina  which  are  sensitive  to  light.  •  If,  at  the 
same  time,  we  examine  an  image  for  which  the  eye  is  perfectly  adjusted,  it  will  be  seen 
that  this  image  is  perfect  only  at  the  fovea  centralis  ;  and,  if  the  object  be  removed  from 
the  axis  of  vision,  we  see  a  confused  image  upon  the  retina  removed  from  the  fovea,  at 
the  same  time  that  the  subject  is  conscious  of  indistinct  vision.    In  the  words  of  Ilelm- 
holtz  "  It  is  only  in  the  immediate  vicinity  of  the  ocular  axis  that  the  .retinal  image  pos-.  , 
sesses  entire  distinctness;  beyond  this,  the  contours  are  less  defined.    It  is  in  part  for.  ! 
this  reason  that  in  general  we  see  distinctly  in  the  field  of  vision,  only  the  point  that  we 
fix    All  the  others  are  seen  vaguely.    This  lack  of  distinctness  in  indirect  vision,  in 
addition  depends  also  upon  diminished  sensibility  of  the  retina :  at  a  slight  distance  front 
the  fixed  point,  the  distinctness  of  vision  has  diminished  much  more  than  the  objective 

distinctness  of  retinal  images."  _  ,    ^    i  • 

At  the  point  of  penetration  of  the  optic  nerve,  the  retina  is  insensible  to  himmous 
impressions;  at  least,  its  sensibility  is  here  so  obtuse  as  to  be  entirely  inadequate  for 
the  purposes  of  vision.  This  point  is  called  the  punctum  cue  cum ;  and  its  want  of 
sensibility  was  demonstrated  many  years  ago  (1668)  by  Mariotte.  The  classical  ex-: 
periraent  by  which  this  important  fact  was  positively  ascertained,  which  is  gener- 
ally known  to  physiologists  as  Mariotte's  experiment,  is  so  curious  that  we  quote  it 

""'^^  I'fasten'd  on  an  obscure  Wall  about  the  hight  of  my  Eye,  a  small  round  paper,  to 
serve  me  for  a  fixed  point  of  Vision ;  and  I  fastened  such  an  other  on  the  side  thereof ■ 
towards  my  right  hand,  at  the  distance  of  about  2.  foot ;  but  somewhat  lower  than  the 
fi^^Tt^to  the  enl  that  it  might  strike  the  OpUcl.  Ner.e  of  my  Eight  Eye,  whils  I  kept  my 
Lett  shut.  Then  I  plac'd  myself  over  against  the  First  paper,  and  drew  back  by  1  tt 
and  little,  keeping  my  Right  Eye  fixt  and  very  steddy  upon  the  same  ;  and  being  about 
10  foot  distant,  the  second  paper  totally  disappear'd.'  . 

In  this  experiment,  the  rays  of  light  from  the  paper  which  l^-  <'-ppeared  from  view 
are  received  upon  the  punctum  c^cum,  at  the  point  of  entrance  of  the  optic  nerve.  If 
re  obsei^er  withdraw  himself  still  farthe^^^  the  second  circle  will  reappear,  as  the  rays 

^emovecl  from  the  punctum  c.cum.    With  the  oP^t^^--^/',^^ 
tion  of  the  optic  nerve  may  be  readily  seen  in  the  hvmg  eye.    If  the  image  ot  a  name 
leT  ctedTpon  this  point,  the  sensation  of  light  is  either  not  pei-ceived  or  it  ,s  v  ry 
Mnt  ind  indefinite,  an'd  it'is  then  probably  due  to  diftusion  to  other  portions  of  the 

The  relative  sensibility  of  different  portions  of  the  retina  has  been  -eu-t^^^^^^^^^ 
ured  by  Volkmann  and  has  been  found  to  be  in  an  inverse  ratio  equal  to  «l^o"t  ^'^^  ^^"Jj^^ 
hMslce  from  the  axis  of  most  perfect  vision.    This  o^-^^; -^^^J  f  ,t 
tance  between  the  sensitive  elements  of  the  retina  at  which        "PP^f^^^J^^^V  and,  at 
allel  lines  would  appear  as  one.    In  the  axis  of  vision,  the  ^^^t'lnce ^v^  0^ 0^^^ 
a  deviation  inward  of  8°,  it  was  0-0318G",  a  diminution  of  '^<^"^<^"^^  °f  "^"^'^ 
dred  times.    The  following  table  gives  tlie  results  of  these  expei  unents . 
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Aiij^lo  01  clovuition  or  tiic 
object  soen,  IVoin  tbo  vis- 
ual axis  inward. 

Calculated  (listance,  I'or  the  retinal 
fii<i»« til  /\t' tlin  ti'ii'iiIImI  linos 



0° 

1° 

0  uouon 

2° 

3° 

0-00141" 

0-001  rui" 

5' 

0-00180" 

G" 

0-00383" 

r 

0-01  ri27" 

8" 

0-03186" 

This  table  illustrates,  witli  great  exactness,-  the'  gradual  diinimition  in  the  acuteness 
of  vision  a^  the  impressions  are  niade  farther  and  farther  from  the  visual  axis.  The 
experiments  were  made  upon  the  same  principle  as  that  of  observations  upon  the  tactile 
sensibility  of  different  portions  of  the  skin  by  testing  the  power  of  distinguishing  the  two 
points  of  the  festhesiometer.  .         ,  .        •  .         ,  ,  . 

The  fact  of  the  formation  of  images  upon  the.retina,  which  are.  exact  only  at  or  imme- 
diately surrounding  the  fovea  centralis,  being  settled,  it  remains  to  see  how  these  images 
are  rendered  perfect,  and  to  study  the  mechanism  of  refraction  by  the  transparent  media 
of  the  eye. 

3Iechanism  of  Refraction  in  the  Eye. 

A  visible  object  sends  rays  from  every  point  of  its  surface  to  the  cornea.  If  the 
object  be  near,  the  rays  from  each  and  every  point  are  divergent  as  they  strike  the  eye. 
Eays  from  distant  objects  are  practically  parallel.  It  is  evident  that  the  refraction  for 
diverging  rays  must  be  greater  than  for  parallel  rays,  as  a  necessity  of  distinct  vision  ;  in 
other  words,  the  eye  must  be  accommodated  for  vision  at  different  distances.  Leaving, 
however,  the  mechanism  of  accommodation  for  future  consideration,  we  shall  endeavor 
to  show  how  the  rays  of  light  as  they  penetrate  the  eye  are  refracted  and  brought  to  a 
focus  at  the  retina. 

The  important  agents  in  refraction  in  the  eye  are  the  surfaces  of  the  cornea  and  the 
crystalline  lens.  Careful  calculations  have  shown  that  the  index  of  refraction  of  the 
aqueous  humor  is  sensibly  tlie  same  as  that  of  the  substance  of  the  cornea,  so  that,  prac- 
tically, the  refraction  is  the  same  as  if  the  cornea  and  the  aqueous  humor  were  one  and 
the  same  substance.  The  index  of  refraction  of  the  vitreous  humor  is  practically  the 
same  as  that  of  the  aqueous  humor,  both  being  about  equal  to  the  index  of  refraction  of 
pure  water.  Eefraction  by  the  crystalline  lens,  however,  is  more  complex  in  its  mechan- 
ism ;  depending,  first,  upon  the  curvatures  of  its  two  surfaces,  and,  again,  upon  the  differ- 
ences in  the  consistence  of  different  portions  of  its  substance.  In  view  of  these  facts, 
we  may  simplify  the  conditions  of  refraction  in  the  eye  by  assuming  the  following 
arrangement : 

The  cornea  presents  a  convex  surface  upon  which  the  rays  of  light  are  received.  At 
a  certain  distance  behind  its  anterior  border,  is  the  crystalline,  a  double-convex  lens, 
corrected,  sufficiently  for  all  practical  purposes,  both  for  spherical  and  chromatic  aberra- 
tion. This  lens  is  practically  suspended  in  a  liquid  with  an  index  of  refraction  equal  to 
that  of  pure  water  ;  as  both  the  aqueous  humor  in  frontr  and  the  vitreous  humor  behind 
have  the  same  refractive  power.  Behind  the  lens,  in  its  axis  and  exactly  in  the  plane  upon 
which  the  rays  of  light  are  brought  to  a  focus  by  the  action  of  the  cornea  and  the  lens, 
is  the  fovea  centralis,  which  is  the  centre  of  distinct  vision.  The  anatomical  elements  of 
the  fovea  are  capable  of  receiving  visual  impressions,  whicli  are  conveyed  to  the  brain 
by  the  optic  nerves.  All  impressions  made  upon  other  portions  of  the  retina  are  com- 
paratively indistinct ;  and  the  point  of  entrance  of  the  optic  nerve  ia  insensible  to  light. 
Inasmuch  as  the  punctum  csacum  is  situated  in  cither  eye  upon  the  nasal  side  of  the  retina, 
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in  normal  vision,  rays  from  tlio  same  object  cannot  fall  upon  both  points  at  the  same  time. 
Thus,  in  binocular  vision,  the  insensibility  of  the  punetuui  cojcuni  does  not  interfere  with 
sight ;  and  the  movements  of  the  globe  prevent  any  notable  interference  in  vision,  even 
with  one  eye.  The  sclerotic  coat  is  for  the  protection  oi'  its  contents  and  for  the  inser- 
tion of  muscles.  The  iris  has  an  action  similar  to  that  of  tiie  diaphragm  in  optical  instru- 
ments. The  suspensory  ligament  of  the  lens,  the  ciliary  body,  and  the  ciliary  muscle,  are 
for  the  fixation  of  the  lens  and  its  accommodation  to  distinct  vision  at  diflTerent  distances. 
The  choroid  is  a  dark  membrane  for  the  absorption  of  light,  preventing  confusion  of  vision 
from  reflection  within  the  eye. 

Refraction  by  the  cornea  is  effected  simply  by  its  external  surface.  The  rays  of  light 
from  a  distant  point  are  deviated  by  its  convexity  so  that,  if  they  were  not  again  refracted 
by  the  crystalline  lens,  they  woxild  be  brought  to  a  focus  at  a  point  situated  about  of 
an  inch  behind  the  retina.  Without  the  crystalline  lens,  therefore,  distinct,  unaided 
vision  is  generally  impossible,  although  the  sensation  of  light  is  appreciated.  'In  cases  of 
extraction  of  the  lens  for  cataract,  the  crystalline  is  supplied  by  a  convex  lens  placed 
before  the  eye. 

The  rays  of  light,  refracted  by  the  anterior  surface  of  the  cornea,  are  received  upon 
the  anterior  surface  of  the  crystalline  lens,  by  which  they  are  still  farther  refracted. 
Passing  through  the  substance  of  the  lens,  they  undergo  certain  modifications  in  refrac- 
tion dependent  upon  the  difiFerences  in  the  various  strata  of  the  lens.  These  modifica- 
tions have  not  been  accurately  calculated ;  but  it  is  sufficient  to  state  that  they  contribute 
to  the  accuracy  of  the  formation  of  the  retinal  image  and  to  the  production  of  an  image 
practically  free  from  chromatic  dispersion.  As  the  rays  pass  out  of  the  crystaUine  lens, 
they  are  again  refracted  by  its  posterior  curvature  and  are  brought  to  a  focus  at  the  area 
of  distinct  vision. 

The  rays  from  all  points  of  an  object  distinctly  seen  are  brought  to  a  focus,  if  the 
accommodation  of  the  lens  be  correct,  upon  a  restricted  surface  in  the  macula  lutea ;  but 
the  rays  from  different  points  cross  each  other  before  they  reach  the  retina,  and  the 
image  is  consequently  inverted.  This  is  a  fact  capable  of  actual  demonstration,  as  we 
have  shown  in  treating  of  the  formation  of  images  in  the  eye. 

Calculating  the  curvatures  of  the  refracting  surfaces  in  the  eye  and  the  indices  of 
refraction  of  its  transparent  media,  it  has  been  pretty  clearly  shown,  by  mathematical 
formula,  that  the  eyfe,  viewed  simply  as  an  optical  instrument,  and  not  practically,  as  the 
organ  of  vision,  presents  a  certain  degree  of  spherical  and  chromatic  aberration ;  but  with 
these  formulfe  we  have  little  to  do  in  our  purely  physiological  consideration  of  vision. 

In  most  calculations  of  the  size  of  images,  the  positions  of  conjugate  foci,  etc.,  m  nor- 
mal and  abnormal  eyes,  a  schematic  eye  reduced  by  Bonders,  after  the_  example  of  List- 
ing, is  regarded  as  sufficiently  exact  for  aU  practical  purposes.  This  simple  scheme 
represents  the  eye  as  reduced  to  a  single  refractmg  surface,  the  cornea  and  a  single  liquid 
assumed  to  have  an  index  of  refraction  equal  to  that  of  pure  water.  The  distance  between 
what  are  called  the  two  nodal  points  and  between  the  two  principal  points  of  the  dioptric 
system  of  the  eye  is  so  small,  amounting  to  hardly  of  an  inch,  that  it  can  neglected. 
In  this  simple  eye,  we  assume  a  radius  of  curvature  of  the  cornea  ot  about  of  an  inch 
and  have  a  single  optical  centre  situated  ^  of  an  inch  back  of  the  cornea  the  pimc  1  al 
point "  being  in  the  cornea,  at  the  axis  of  vision.  The  posterior  focal  distance  that  ^ 
he  focus,  at  the  bottom  of  the  eye,  for  rays  that  are  parallel  in  th6  air,  is  about  .  o^jn 
inch.  The  anterior  focal  distance,  that  is,  for  rays  parallel  in  the  vitreous  1;^"°  ' ^ 
f  of  an  inch.  The  measurements  in  this  simple  schematic  eye  can  be  easily  lemcmbe.eci 
and  used  in  calculations. 

Astiff7natism. 

We  have  already  alluded  to  an  important  peculiarity  in  the  optical  "PPa™*"^  ^ 
is  that  the  visual  line  does  not  coincide  exactly  with  the  axis  of  the  ej  e. 
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another  normal  deviation  from  mathematical  exactness  in  the  refraction  of  rays  by  the 
cornea  and  the  crystalline  lens,  which  is  of  considerable  importance.  If  we  place  before 
the  eyes  two  threads  crossing  each  other  at  right  angles  in  the  same  plane,  one  of  these 
threads  being  vertical,  and  the  other,  horizontal,  when  the  optical  apparatus  is  adjusted 
so  that  one  line  is  seen  with  perfect  distinctness,  the  other  is  not  well  defined.  In  other 
words,  when  we  accommodate  for  the  vertical  thread,  the  horizontal  is  indistinct,  and 
vice  versa.  If  the  horizontal  line  be  seen  distinctly,  in  order  to  see  the  vertical  without 
modifying  the  accommodation,  it  must  be  removed  to  a  greater  distance.  Tliis  depends 
chiefly  upon  a  difl:erence  in  the  vertical  and  the  horizontal  curvatures  of  the  cornea,  so 
that  the  horizontal  meridian  has  a  focus  slightly  difterent  from  the  focus  of  the  vertical 
meridian.  A  condition  opposite  to  that  observed  in  the  cornea  usually  exists  in  the 
crystalline  lens  ;  that  is,  the  diiference  which  exists  between  the  curvatures  of  the  lens 
in  the  vertical  and  the  horizontal  meridians  is  such  that  the  deepest  curvature  in  the  lens 
is  situated  in  the  meridian  of  the  shallowest  curvature  of  the  cornea.  In  this  way,  in 
normal  eyes,  the  aberration  of  the  lens  has  a  tendency  to  correct  the  aberration  in  the 
cornea  ;  but  this  correction  is  incomplete,  and  there  still  remains,  in  all  degrees  of  tension 
of  accommodation,  a  marked  difference  in  the  vision  as  regards  vertical  and  horizontal 
lines. 

The  condition  just  described  is  known  under  the  name  of  normal,  regular  astigmatism  ; 
but  the  aberration  is  not  sufficiently  great  to  interfere  with  distinct  vision.  The  degree 
of  regular  astigmatism  presents  normal  variations  in  different  eyes.  In  some  eyes  there 
is  no  astigmatism  ;  but  this  is  rare.  According  to  Bonders,  if  the  astigmatism  amount  to 
4V  or  more,  it  is  to  be  considered  abnormal ;  which  simply  means  that,  beyond  this  point, 
the  aberration  interferes  with  distinct  vision. 

From  the  mere  definition  of  regular  astigmatism,  it  is  evident  that  this  condition  and 
the  degree  to  which  it  exists  may  easily  be  determined  by  noting  the  differences  in  the 
foci  for  vertical  and  horizontal  lines,  and  it  may  be  exactly  corrected  by  the  application 
of  cylindrical  glasses  of  proper  curvature.  Indeed,  the  curvature  of  a  cylindrical  glass 
which  win  enable  a  person  to  distinguish  vertical  and  horizontal  lines  with  perfect  dis- 
tinctness at  the  same  time  is  an  exact  indication  of  the  degree  of  aberration.  Eegular 
astigmatism,  such  as  we  have  described,  may  be  so  exaggerated  as  to  interfere  very 
seriously  with  vision,  when  it  becomes  abnormal.  This  kind  of  aberration,  however, 
which  is  dependent  upon  an  abnormal  condition  of  the  cornea,  is  remediable  by  the 
use  of  properly-adjusted  cylindrical  glasses. 

Irregular  astigmatism,  excluding  cases  of  pathological  deformation,  opatiue  spots,  etc., 
in  the  cornea,  depends  upon  irregularity  in  the  different  sectors  of  the  crystaUine  lens. 
Instead  of  a  simple  and  regular  aberration,  consisting  in  a  difference  between  the  depth 
of  the  vertical  and  the  horizontal  curvatures  of  the  cornea  and  lens,  we  have  irregular 
variations  in  the  curvatures  of  different  sectors  of  the  lens.  As  a  consequence  of  this, 
when  the  irregularities  are  very  great,  there  is  impairment  of  the  sharpness  of  vision. 
The  circles  of  diffusion,  which  are  regular  in  normal  vision,  become  irregularly  radiated, 
and  single  points  appear  multiple,  an  irregularity  described  under  the  name  of  polyopia 
monocularis.  Accurate  observations  have  shown  that  this  condition  exists  to  a  very 
moderate  degree  in  normal  eyes ;  but  it  is  so  shght  as  not  to  interfere  with  ordinary  vision. 
In  what  is  called  normal,  irregular  astigmatism,  the  in-egularity  depends  entirely  upon 
the  crystalline  lens.  If  we  place  before  the  eye  a  card_.  witli  a  very  small  opening,  and 
move  this  before  the  lens,  so  that  the  pencil  of  light  falls  successively  upon  different  sec- 
tors, it  can  be  shown  that  the  focal  distance  is  different  for  different  portions.  The  radi- 
ating lines  of  light  observed  in  looking  at  remote  luminous  points,  as  the  fixed  stars,  are 
produced  by  this  irregularity  in  the  curvatures  of  the  different  sectors  of  the  lens. 

Wliile  regular  astigmatism,  both  normal  and  abnormal,  may  be  perfectly  corrected 
by  placing  cylindrical  glasses  before  the  eyes,  it  is  impossible,  in  the  great  majority  of 
cases,  to  construct  glasses  which  will  remedy  the  irregular  form. 
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Ilovements  of  the  Iris. 

The  movements  of  the  iris  nrc  sufficiently  simple,  as  well  as  the  physiological  con- 
ditions under  which  they  take  place ;  and  it  is  only  when  we  come  to  study  the  exact 
mechanism  of  the  production  of  these  movements  through  the  nervous  system,  that  the 
subject  becomes  complex,  and,  to  a  certain  extent,  obscure.  As  regards  the  movements 
themselves,  the  simple  facts  are  as  follows :  .  .    '  . 

There  are  two  physiological  conditions  under  which  the  size  of  the  pupil  is  modified  : 
The  first  of  these  depends  upon  the  amount  of  ligiit  to  which  the  eye  is  exposed.  When 
the  quantity  of  light  is  small,  the  pupil  is  widely  dilated,  so  as  to  admit  as  much  as  pos- 
sible to  the  retina.    When  the  eye  is  exposed  to  a  bright  light,  the  retina  is  protected  by 
contraction  of  the  iris.   The  muscular  action  by  which  the  iris  is  contracted  is  character- 
istic of  the  smooth  muscular  fibres,  as  can  be  readily  seen  by  exposing  an  eye,  in  which 
the  pupil  is  dilated,  to  a  bright  light.    Contraction  does  not  take  place  instantly,  but  an 
appreciable  interval  elapses  after  the  exposure,  and  a  more  or  less  gradual  diminution  in 
the  size  of  the  pupil  is  observed.    This  is  seen  both  in  solar  and  in  artificial  light.  The 
second  of  these  conditions  depends,  indirectly,  upon  the  voluntary  action  of  mfiscles. 
We  have  already  seen,  in  connection  with  the  physiology  of  the  third  pair  of  nerves,,  that  |. 
the  effort  of  converging  the  axes  of  the  eyes  by  looking  at  a  very  near  object  contracts 
the  pupils.    We  shall  see,  also,  that  the  effort  of  accommodation  of  the  eye  for  near 
objects  produces  the  same  effect,  even  when  the  eyes  are  not  converged.    This  action 
will  be  fully  considered  under  the  head  of  accommodation. 

One  point  relating  to  the  anatomy  of  the  iris  is  of  great  importance  in  connection  with 
the  physiology  of  its  movements ;  and  that  is  the  question  of  the  existence  of  dilator 
fibres.  Upon  this  point  there  is  some  difference  of  opinion ;  but,  as  we  stated  in  treating 
of  the  structure  of  the  eye,  the  weight  of  anatomical  authority  is  decidedly  in  favor  of 
the  existence  of  radiating  fibres. 

Direct  Action  of  Light  upon  the  Ms.— The,  variations  in  the  size  of  the  pupil  under 
different  physiological  conditions  are  effected  almost  exclusively  through  the  nervous 
system  either  by  reflex  action  from  variations  in  the  intensity  of  hght,  or  by  a  direct 
influence,  as  in  accommodation  for  distances;  but  it  is  nevertheless  true  that  the  muscu- 
lar tissue  of  the  iris  will  respond  directly  to  the  stimulus  of  light.  Harless  noted,  m  sub- 
jects dead  of  various  diseases,  from  five  to  thirty  hours  after  death,  that  the  ins  con- 
tracted under  the  stimulus  of  light ;  and  he  justly  remarks  that  this  is  probably  due  to 
direct  action  upon  its  muscular  tissue,  and  that  it  is  not  reflex,  for  the  reason  that  the 
irritability  of  the  nerves  in  warm-blooded  animals  disappears  certamly  m  twenty  hours 
after  death.  The  experiments  of  Harless  were  made  upon  the  two  eyes,  one  bemg 
exposed  to  the  lisht,  while  the  other  was  closed.  The  contraction,  however,  took  place 
very  slowly,  requiring  an  exposure  of  several  hours.  This  mode  of  contraction  is  very 
different  from  the  action  of  the  iris  during  life,  but  it  is  precisely  like  the  contraction 
observed  after  division  of  the  motor  oculi  communis,  which  is  slow  and  gradual  ana 
undoubtedly  depends  upon  the  direct  action  of  light  upon  the  muscular  fibres. 

■    Action  of  the  Nerwus  System  upon  the  /rfs.-This  subject,  as  far  as  it  relates  to  the 
third  pair,  has  been  pretty  fully  considered  in  connection  with  the  physiology  of  these 
nerves ;  and  it  is  unnecessary  to  refer  again  in  detail  to  the  expenmen  s  ^vh,ch  av 
already  been  cited.    The  reflex  phenomena  observed  are  sufliciently  distinct.  "^^^^^J'^^ 
is  admitted  to  the  retina,  the  pupil  contracts,  and  the  ^^^^^  ^^'^f'^'Y^T^o^nl 
irritation  of  the  optic  nerves.    When  the  third  pair  of  nerves  has  been  ' 
reflex  phenomena  are  observed.    It  is  weU  known,  also,  that  division  of  the  «Hn  nerves 
in  the  lower  animals  or  their  paralysis  in  the  human  subject  produces  P'^™;";"^;^';^'^. 
tion  of  the  pupil,  the  iris  responding,  only  in  the  slow  and  gradual  manner  already  mdi 
cated,  to  the  direct  action  of  light. 
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■  Takin-  all  the  cxporimental  facts  .into  considoration,  it  is  certain  that  the  third  nerve 
has  -m  important  iniiu.nco  upon  the  iris.  Filaments  from  the  ophthalmic  ganglion  animate 
the  circulaf- fibres,  or  sphincter,  and  these  filaments  derive  their  power  from  the  third 
cranial  nerve.  '  If  this  nerve  be  divided,  the  iris  becomes  permanently  dilated  and  is  im- 
movable, except  that  it  responds  very  slowly  to  the  direct  action  of  liglit.  Ihe  reflex 
action  by  which  the  pupU  is  contracted  under  the  stimulus  of  light  operates  through  the 
third  nerve,  and  no  such  action  can  take  place  after  this  nerve  has  been  divided.  In  view 
of  these  facts,  there  can  be  no  doubt  with  regard  to  the  nervous  action  upon  the  sphincter 
of  the  pupil,  this  muscle  being  animated  exclusively  by  filaments  from  the  motor  oculi 
communis,  coming  through  the  ophthalmic  ganglion. 

We  admit,  witli  most  modern  anatomists,  the  existence  of  radiating  muscular  fabres  in 
the  iris,  the  action  of  which  is  antagonistic  to  the  circular  fibres,  and  which  dilate  the 
pupil.  That  these  fibres  are  subjected  to  nervous  influence  is  rendered  certain  by  experi- 
ments upon  the  sympathetic  system.  . 

The  efiects  of  division  of  the  sympathetic  in  the  neck  have  been  treated  ot  tuUy  m 
connection  with  the  general  functions  of  these  nerves.  It  wiU  be  sufficient  for  our  present 
purposes  to  state,  in  a  general  way,  the  influence  of  these  nerves  upon  the  movements  of 
the  iris.  There  can  be  no  doubt  that  the  action  of  the  sympathetic  upon  the  pupil  is 
directly  antagonistic  to  that  of  the  third  pair,  the  former  presiding  over  the  radiating,  or 
dilating  muscular  fibres;  and  the  only  question  to  determine  is  the  course  taken  by  the 
sympathetic  filaments  to  the  iris.  Experiments  on  the  influence  of  the  fifth  pair  upon  the 
pupil  have  been  somewhat  contradictory  in  difi"erent  animals.  In  rabbits,  section  of  this 
nerve  in  the  cranial  cavity  produces  contraction  of  the  pupil;  but  in  dogs  and  cats  the 
same  operation  produces  dUatation.  In  the  human  subject,  of  course,  it  is  impossible  to 
determine  this  point  by  direct  experiment;  and  the  va,rying  results  obtained  in  observa- 
tions upon  difierent  animals  probably  depend  upon  differences  in  the  anatomical  relations 
of  the  nerves.  It  is  probable,  however,  that  the  filaments  of  the  sympathetic  which  ani- 
mate the  dilator  fibres  join  the  fiftli  nerve  near  the  ganglion  of  Gasser  and  from  this 
nerve  pass  to  the  iris.  ■      ,  . 

There  seem  to  be  two  distinct  nerve-centres  corresponding  to  the  two  sets  of  nerves 
which  regulate  the  movements  of  the  u-is.  One  of  these  centres  presides  over  the  reflex 
contractions  of  the  iris,  and  the  other  is  the  centre  of  origin  of  the  nervous  influence 
through  which,  the  pupil,  is  dilated.  ■  ,   ,  , 

The  mechanism  of  reflex  contraction  of  the  iris  under  the  stimulus  of  light  is  suflS- 
ciently  simple.  An  impression  is  made  upon  the  retina,  which  is  conveyed  by  the  optic 
nerves  to  the -.centre  of  vision,  and,  in  obedience  to  this  impression,  the,  sphincter  of  the 
iris  contracts.  If  the  optic  nerves  be  divided,  so  that  the  impression  cannot  be  conveyed 
to  the  centre,, or  if  we  divide  the  third  pair,  through  which  the  motor  stimulus  is  con- 
veyed to  the  ,  muscular  fibres,  no  movements  of  the  iris  can  take  .place.  The  centres 
which  preside ;  over  these  reflex  phenomena  are  situated  in  the  tubercula  quadrigemina. 
In  the  remarkable  .experiments  of  Flourens  upon  the  encephalic  centres,  it  was  shown 
that  the  iris  loses  its  mobility  after  destruction  of  the  tubercula.  This  fact  has  been 
repeatedly  confirmed  by  later  experimenters.  In  birds,  in  which-  the  decussation  of  the 
optic  nerves  is  complete,  this  action  is  crossed,  destruction  of  the  tubercle  upon  one  side 
producing  immobility  of  the  iris  upon  the  opposite  side  ;  but  in  man,  where  the  anatomi- 
cal relations  of  the  .optic  nerves  upon  the  two  sides  are' more  complex,  the  crossed  action 
is  probably,  not  so  complete.  In  man,  the  axes  of  both  eyes  are  habitually  brought 
to  bear  upon  objects,  and  it  is  well  known  that  there  is  a  physiological  unity  in  the 
action  of  the  two  eyes  in  ordinary  vision.  We  also  observe  that,  when  one  eye  only 
is  exposed,  to  light,  the  pupil  becoming  contracted  under  this  stimulus,  the  pupil  of 
the  other  eye  also  contracts.  There  is,  indeed,  a  direct  contraction  and  dilatation 
of  the  pupil  of  the  eye  which  is  exposed  to  the  light,  and  an  indirect,  or  "consen- 
sual "  movement  of  the  iris  upon  the  opposite  side.    The  consensual  contraction  occurs 
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about  I  of  ft  Kocond  later  than  the  direct  notion,  and  tlic  consensual  dilatation,  about  J 
of  a  second  later.  (Doudcrs.) 

Budgo  and  Waller  have  shown  that  the  filaments  of  the  synii)athetic  which  i)roduco 
dilatation  of  the  pupil  take  their  origin  from  the  spinal  cord.  In  the  spinal  cord,  between 
the  sixth  cervical  and  the  second  thoracic  nerves,  is  situated  the  inferior  cilio-si)inal 
centre.  When  the  spinal  cord  is  stimulated  in  this  situation,  both  pupils  become  dilated. 
If  tbe  cord  be  divided  longitudinally  and  the  two  halves  be  separated  from  each  other  by 
a  glass  plate,  stimulation  of  the  right  half  produces  dilatation  of  the  right  pupil,  and  vice 
versa.  This  does  not  occur  wben  the  sympathetic  in  the  neck  has  been  divided.  In 
addition  to  the  inferior  cilio-spinal  centre,  there  is  a  superior  centre,  which  is  in  com- 
munication with  the  superior  cervical  ganglion  and  is  situated  near  the  sublingual  nerve. 
The  influence  of  this  centre  over  the  pupil  cannot  be  demonstrated  by  direct  stimulation, 
because  it  is  too  near  the  origin  of  the  fifth,  irritation  of  which  has  an  influence  over  the 
iris-  but  it  is  shown  by  division  of  its  filaments  of  communication  with  the  iris. 

Section  and  galvanization  of  the  different  nerves  wliich  regulate  the  movements  of  the 
iris  have  a  certain  influence  upon  its  vascularity ;  and,  indeed,  it  has  been  thought  that 
contraction  is  in  a  measure  due  to  congestion  of  its  vessels,  and  dilatation,  to  an  opposite 
condition  This  view  is  adopted  by  some  of  those  who  deny  the  existence  of  the  radi- 
ating muscular  fibres  of  the  iris.  Assuming  that  the  size  of  the  pupU  is,  to  a  certain 
extent  affected  by  the  condition  of  the  vessels,  it  is  evident  that  the  more  extensive  move- 
ments'of  the  iris  are  due  mainly  to  muscular  action.  It  has  been  also  shown  that  the 
changes  in  the  iris  produced  by  injection  of  its  vessels  are  not  to  be  compared  in  then- 
extent  with  its  physiological  movements.  The  changes  in  vascularity  produced  by  divid- 
ing or  galvanizing  the  sympathetic  do  not  differ  from  the  phenomena  noted  in  experi- 
ments upon  other  portions  of  the  sympathetic  system. 

Accommodation  of  the  Eye  to  Vision  at  Different  Distances. 

The  mechanism  by  which  the  eye  is  adjusted  for  distinct  vision  at  different  distances 
is  one  of  the  most  interesting  and  important  points  connected  with  the  physiology  of  the 
sight  At  the  present  day,  this  point  may  be  regarded  as  definitely  settled,  particu  arly 
since' the  variations  in  the  thiclmess  and  the  curvatures  of  the  crystalline  lens  have  been 
so  accurately  measured  by  Helmholtz.  We  shall  have  little  to  say  with  regard  o  the 
various  theories  of  accommodation  advanced  by  the  older  physiologists  except  to  indicate, 
in  a  very  general  way,  the  most  plausible  views  that  have  been  adopted  from  time  to  time 
by  physiological  writers.  In  the  first  place,  we  shall  note  certain  physical  laws  and  their 
application  to  the  eye,  which  show  the  necessity  for  accommodation.  _ 

Supposing  the  eye  to  be  adapted  to  vision  at  an  infinite  dis  ance,  in  which  the  rays 

from  an  object,  as  they  strike  the  cornea,  are  P-^^-f  ^  P^^"^^' ' ^'^'.t  d  at  t 
foci  of  the  rays  as  they  form  a  distinct  image  upon  the  retma,  are  aU  situated  at  he 
proper  plane.'  Under  tLse  conditions,  in  a  perfectly  normal  eye  the  -age,  appre^^^^^^^^^^^ 
by  {he  Individual  or  seen  by  means  of  the  ophthalmoscope,  is  perfectly  dear 
If  the  foci  be  situated  in  front  of  the  retina,  the  rays,  mstead  of  coming  to  ^ 
point  in  the  retina,  will  cross,  and,  from  their  diffusion  or  dispersion,  ^f^^^^^^^ 
Let  vision.   Under  these  circumstances,  a  distinct  point  is  not  1-^07 ed  but  eve^^^^^^ 
in  the  image  is  surrounded  by  an  indistinct  circle.  These  are  called    ''^^f  f 
If,  now,  the  eye,  adjusted  for  vision  at  an  infinite  distance,  be  brought  to  bea^  upon  ^ a 
n^ar  ob  ect,  the  rays  from  which  are  divergent  as  they  strike  tbe  corn    ,  *   ^  ^^^ 
be  no  longer  distinct,  but  will  be  obscured  by  circles  of  diffusion.  It    ^j^;  "J"^^^^^^^ 
which  these  circles  of  diffusion  are  removed  that  constitutes  accommodation.    Thi  lac 
has  been  demonstrated  by  Helmholtz  by  means  of  the  ophtha  moscope      ^  ^^^^ 
adjusted  to  the  observation  of  an  object  placed  at  a  certain  J^'f  ^  ^^J^^^^ 

image  of  a  flame,  placed  at  the  same  distance,  is  produced  with  perfect  distinctness  upon 
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tlie  retina,  and,  at  the  same  time,  upon  tlie  illuminated  i)lime  of  the  imago,  the  vessels  and 
the  other  anatomical  details  of  the  retina  are  seen  with  equal  distinctness.  But,  when 
the  ilame  is  brought  considerably  nearer,  its  imago  becomes  confused,  while  thy  details 
of  the  structure  of  the  retina  remain  perfectly  distinct." 

It  is  evident  that  there  is  a  certain  condition  of  the  eyes  adapted  to  vision  at  an  infi- 
nite distance,  and  that,  for  the  distinct  perception  of  near  objects,  the  transparent  media 
must  be  so  altered  in  their  arrangement  or  in  the  curvatures  of  their  surfaces,  that  the 
refraction  will  be  greater ;  for,  without  this,  the  rays  would  be  brought  to  a  focus  be- 
yond the  retina. 

The  changes  in  the  eye  by  wMch  accommodation  is  effected  are  now  known  to  con- 
sist mainly  in  an  increased  convexity  of  the  lens  for  near  objects;  and  the  only  points  in 
dispute  are  a  few  unimportant  details  in  the  mechanism  of  this  action.  The  simple  facts 
to  be  borne  in  mind  in  studying  this  question  are  the  following : 

When  the  eye  is  accommodated  to  vision  at  an  infinite  distance,  the  parts  are  passive. 

In  the  adjustment  of  the  eye  for  near  objects,  the  convexities  of  the  lens  are  increased 
by  muscular  action. 

In  accommodation  for  near  objects,  the  pupil  is  contracted;  but  this  action  is  merely 
accessory  and  is  not  essential. 

The  ordinary  range  of  accommodation  varies  between  a  distance  of  about  five  inches 
and  infinity. 

Changes  in  the  Crystalline  Lens  in  Accommodation. — It  is  important  to  determine 
first  the  extent  and  nature  of  the  changes  of  the  lens  in  accommodation ;  and,  by  tlie 
ingenious  experiments  of  the  German  physiologists,  particularly  those  of  Helmholtz, 
these  changes  have  been  accurately  measured  in  the  living  subject.  As  the  general  result 
of  these  measurements,  it  was  ascertained  that  the  lens  becomes  increased  in  thickness 
in  accommodation  for  near  objects,  chiefly  by  an  increase  in  its  anterior  curvature,  by 
which  this  surface  of  the  lens  is  made  to  project  toward  the  cornea.  As  the  iris  is  in 
contact  with  the  anterior  surface  of  the  lens,  this  membrane  is  made  to  project  in  the  act 
of  accommodation.  The  posterior  curvature  of  the  lens  is  also  increased,  but  this  is  slight 
as  compared  with  the  increase  of  the  curvature  of  its  anterior  surface.  The  distance 
between  the  posterior  surface  of  the  lens  and  the  cornea  is  not  sensibly  altered.  It  is 
unnecessary  to  describe  minutely  the  methods  employed  in  making  these  calculations, 
and  it  is  sufiicient  for  our  purposes  to  state  that  it  is  done  by  accurately  measuring  the 
comparative  size  of  images  formed  by  reflection  from  the  anterior  surface  of  the  lens. 
The  results  obtained  by  Helmholtz  in  observations  iipon  three  different  persons  are  as 
follows : 


Persons  examined. 

Radius  of  cnrvatnre  of  the  anterior  sur&ce 
of  the  lens. 

Displacement  of  the  pupil  in  accommodation 
for  near  objects. 

Distant  vision. 

Near  vision. 

0.  H. 
B.  P. 
J.  H. 

0'4641  of  an  inch. 
0-3432  " 
0-4086  " 

0-3384  of  an  inch. 
0-2701  " 

0-0140  of  an  inch. 
0-0172  " 

The  mechanism  of  the  changes  in  the  thickness  and  in  the  curvatures  of  the  lens  in 
accommodation  can  only  be  understood  by  keeping  clearly  in  mind  the  physical  proper- 
ties of  the  lens  itself  and  its  anatomical  relations.  In  situ,  in  what  has  been  called. the 
indolent  state  of  the  eye,  the  lens  is  adjusted  to  vision  at  an  infinite  distance  and  is  flat- 
tened by  the  tension  of  its  suspensory  ligament.  After  death,  indeed,  it  is  is  easy  to  pro- 
duce changes  in  its  form  by  applying  traction  to  the  zone  of  Zinn.    If  wo  remember, 
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now,  ;the  exact  rolatioiis  of  tlio  suspensory  ligament,  the  ciliary  muscle,  and  tbe  Ions,  and 
keep,  in  mind  tbe  tension  witliin  the  globe,  it  is  evident. that,  when  the  ciliary  muscle  is  in 
repose,  the  capsule  will  compress  .tlie  lens,  increasing 'its  diameter  and  diminishing  its 
convexity.  It  is  in  this  condition  .that  tlie  eye  is  adapted  to  vision  at  an  infinite  distance. 
It  is  evident,  also,  that  very  slight  changes  in  the  convexity  of  the  lens  will  he  sufficient 
for  the  range  of  accommodation  required.  If  we  fix  with  tlie  eye  any  near  object  we  are 
conscious  of  an  effort,  and  the  ijrolouged  vision  of  near  objects  produces  a  sense  of  fatigue. 
This  may  be  illustrated  by,  the  .very  familiar  experiment  .of  looking  at  a  distant  oljject 
through  a  gauze.  When  the  object  is  seen  distinctly,  tbe  gauze  is  scarcely  perceived ; 
but  by  an  effort  we  can  bring  the  eye  to  see  the  meshes  of  tbe  gauze  distinctly,  when  the 
impression  of  tbe  distant  :object  is  either  lost  or. becomes  very  indistinct. 

Our  knowledge  of  the  action  of  tbe  ciliary  muscle  is  only  to  be  arrived  at  theoretically 
and  by  studying  the  effects  produced  upon  the  lens.  This  muscle,  it  will  be  remembered, 
arises  from  the  circular  line  of  junction  of  the  cornea  and  sclerotic,  which  is  undoubtedly 
its  fixed  point,  passes  backward,  and  is  lost  in  the  tissue  of  tbe  choroid,  extending  as  far 
back  as  the  anterior  border  of  the  retina.  Most  of  the  fibres  pass  directly  backward,  but 
some  become  circidar  or  spiral.  When  this  muscle  contracts,  the  choroid  is  drawn  for- 
ward, with,  probably,  a  slightly  spiral  motion  of  the  lens,  the  contents  of  the  globe  situ- 
ated posterior  to  the  lens  are  compressed,  and  the  suspensory  ligament  is  relaxed.  The 
lens  itself,  the  compressing  and  flattening  action  of  the  suspensory  ligament  being  dimin- 
ished, becomes  thicker  and  more  convex,  by  virtue  of  its  own  elasticity,  in  tbe  same  way 
that  it  becomes  thicker  after  death  when  the  tension  of  the  ligament  is  artificially  dimin- 
ished. 


Fig  2hi.-Seclion  of  tU  lens,  etc.,  aiowing  the  mechanism  of  act^mmodation.  (Fick.) 
ment  of  the  lens  consequently  relaxed. 

This  Is,  in  brief,  the  mechanism  of  accommodation.  Near  objects  are  seen  distinctly 
by  a  voluntary  contraction  of  the  ciliary  muscle,  the  action  of  which  is  adapted  o  he 
requirements  of  vision  with  exquisite  nicety.  In  early  life,  the  lens  is  soft  and  elastic, 
and  the  accommodating  power  is  at  its  maximum;  but  in  old  age  the  lens  becomes  flat- 
tened, harder,  and  less  elastic,  and  the  power  of  accommodation  is  necessarily  diminished. 

Changes  in  the  Iri.  L  Accommodation.-The  size  of  the  pupil  is  «en«ihly  dimmishcd 
in  accommodation  of  the  eye  for  near  objects.  Although  the  movernents  of .  l^^;"^^^/ 
directly  associated  with  the  muscular  effort  by  which  the  form  of  ^^^^^"^  '^^  "^^/^^^ 
the  contraction  of  the  pupil  is  not  one  of  the  essential  -°<i^t7J  ~  J  ; 
Helmholtz  cites  a  case  in  which  the  iris  was  completely  paralyzed  the  powe.  •^'°«o™ 
modation  remaining  perfect ;  and  he  mentions  another  case,  reported  by  Von  (.raele,  m 
which  accommodation  was  not  disturbed  after  loss  of  the  entire  iris. 

We  have  already  noted  the  fact  that  the  pupil  contracts  when  the  eyes  are  made  t^. 
converge  by  the  action  of  tbe  muscles  animated  by  the  third  pair  of  nerves ;  and  it  is  evi- 
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dent  that  convergence  of  the  eyes  always  occurs  in  looking  at  very  near  objects.  It 
becomes  a  question,  then,  whether  the  contraction  of  the  pupil  in  accommodation  for  near 
objects  be  associated  with  the  action  of  the  third  nerves,  or  with  lilamonts  from  the 
ophthalmic  ganglion,  which  supplies  the  nervous  influence  to  the  ciliary  muscle.  This 
seems  to  have  been  definitively  settled  by  Bonders,  who  demonstrated  two  important 
points:  First,  that  increased  convergence  of  the  visual  lines  without  change  of  accommo- 
dation makes  the  pupil  contract,  as  is  easily  proven  by  simple  experiments  with  prismatic 
glasses.  Second,  that  when  accommodation  is  effected  without  converging  the  visual 
axes,  "  each  stronger  tension  is  combined  with  contraction  of  the  pupil." 

The  action  of  the  iris,  as  is  evident  from  the  facts  just  stated,  is  to  a  certain  extent 
under  the  control  of  the  will ;  but  it  cannot  be  disassociated,  first,  from  the  voluntary 
action  of  the  muscles  which  converge  the  visual  axes,  and  second,  from  the  action  of  the 
ciliary  muscle.  Bonders  states  that,  by  alternating  the  accommodation  for  a  remote  and 
a  near  object,  he  could  voluntarily  contract  and  dilate  the  pupil  more  than  thirty  times 
in  the  minute.  Brown-S6quard,  in  discussing  the  voluntary  movements  of  the  iris,  men- 
tions a  case  in  which  "  the  pupil  could  be  contracted  or  dilated  without  changing  the 
jiosition  of  the  eye  or  making  an  efl'ort  of  adaptation  for  a  long  or  a  short  distance." 
As  a  farther  evidence  of  the  connection  of  accommodation  with  muscular  action,  cases 
are  cited  in  works  on  ophthalmology,  in  which  there  is  paralysis  of  the  ciliary  mus- 
cle as  well  as  cases  in  which  the  act  of  accommodation  is  painful. 

An  interesting  phenomenon  connected  with  accommodation  is  observed  in  looking  at 
a  near  object  through  a  very  small  orifice,  like  a  pinhole.  The  shortest  distance  at 
which  we  can  see  a  small  object  distinctly  is  about  five  inches ;  but,  if  we  look  at  the 
same  object  through  a  pinhole  in  a  card,  it  can  be  seen  distinctly  at  the  distance  of  about 
one  inch,  and  it  then  appears  considerably  magnified.  In  this  experiment,  the  card  serves 
as  a  diaphragm  with  a  very  small  opening,  so  that  the  centre  of  the  lens  only  is  used  ; 
and  the  apparent  increase  in  the  size  of  the  object  is  probably  due  to  the  fact  that  its  dis- 
tance from  the  eye  is  many  times  less  than  the  distance  at  which  distinct  vision  is  possible 
under  ordinary  conditions.  It  is  well  known  that  myopic  persons,  by  being  able  to  bring 
the  eye  nearer  to  objects  than  is  possible  in  ordinary  vision,  can  see  minute  details  with 
extraordinary  distinctness. 

Erect  Impressions  produced  by  Images  inverted  upon  the  Retina. 

If  we  have  become  thoroughly  acquainted  with  the  mechanism  of  the  formation  of 
images  upon  the  retina  and  the  physiological  action  of  the  difi'erent  parts  of  the  optical 
apparatus,  it  will  be  sufficient  to  note  the  action  of  both  eyes,  as  contrasted  with  the 
action  of  one,  in  normal  vision,  without  discussing  fully  the  multitude  of  curious  observa- 
tions made  with  the  stereoscope  ;  and  we  can  readily  comprehend  the  action  of  muscles  by 
which  the  axis  of  vision  is  directed  toward  different  objects,  without  entering  into  a  discus- 
sion of  abstruse  mathematical  calculations  with  regard  to  the  exact  centre  of  rotation,  the 
law  of  torsions,  and  other  points  connected  with  physiological  optics.  These  are  ques- 
tions, however,  of  great  interest  to  ophthalmologists  and  are  fully  discussed  in  elaborate 
special  treatises. 

We  shall  allude  briefly,  in  this  connection,  to  a  question  which  has  long  engaged  the 
attention  of  physiologists,  and  one  which,  we  cannot  bu£  think,  has  been  made  the  sub- 
ject of  much  unprofitable  speculation.  It  is  a  matter  of  positive  demonstration  that  the 
images  of  objects  seen  are  inverted  as  they  appear  upon  the  retina.  Why  is  it,  however, 
that  objects  are  appreciated  as  erect,  when  their  images  are  thus  inverted  ?  With  a 
knowledge  of  the  fact  that  the  appreciation  of  impressions  made  upon  the  nerves  of 
special  sense  is  capable  of  education  and  is  corrected  by  experience,  it  seems  hardly 
necessary  to  enter  into  an  elaborate  discussion  of  this  point.  We  appreciate  with  accu- 
racy the  density  of  objects,  the  direction  of  sounds,  differences  in  musical  tones,  the 
51 
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taste  of  sapid  substances,  odors,  etc.,  as  the  result,  to  a  great  degree,  of  education.  In 
the  same  way,  probably,  we  acquire  the  power  of  noting  the  position  of  objects  m  vision ; 
but  even  this  supposition  is  not  necessary  to  explain  the  phenomenon  of  direct  vision  by 
means  of  inverted  images.  The  following  paragraph,  quoted  from  Giraud-Teulon  is  a 
simple  expression  of  facts  and  shows  the  absurdity  of  the  elaborate  theoretical  explann- 
ti6ns  made  by  many  of  the  earlier  writers :  _ 

"  If  the  objects  seen  mark  their  image  upon  the  retina,  each  one  in  a  proper  second- 
ary axis  •  if  on  the  other  hand,  the  retina  appreciates  these,  independently  of  ourselves, 
in  these'  same  secondary  axes,  which  all  cross  at  the  same  point,  it  is  evident  that  an 
exact  or  erect  sensation,  as  well  as  the  object  which  produces  it,  should  necessarily  corre- 
spond to  an  inverted  or  reversed  image.  But  it  is  neither  habit,  education,  nor  mforma- 
tion  derived  from  the  sense  of  touch,  that  enables  us,  as  it  is  said,  to  see  objects 
by  means  of  reversed  images.  The  retina  sees  or  localizes  objects  where  they  are ;  that  is 
what  we  call  '  erect.'    If  the  picture  be  reversed,  it  is  a  mere  matter  of  geometry. 

In  discussing  the  same  question,  Hehnholtz  says  that  "  our  natural  consciousness  is 
completely  ignorant  even  of  the  existence  of  the  retina  and  of  the  formation  of  images  : 
how  should  it  know  any  thing  of  the  position  of  images  formed  upon  it? 


Binocular  Vision. 

Wehave  thus  far  considered  the  mechanism  of  the  eye  and  its  action  as  an  optical  instru- 
ment, in  simple,  or  monocular  vision.  It  is  evident,  however,  that  we  habitually  use  both 
Tyet  a-d  tha't  their  axes  are  practically  parallel  in  looking  at  distant  f  J-t-^J  J^. 
verged  when  objects  are  approached  to  the  nearest  point  at  which  we  have  distmct  vis  on. 
In  fact  an  image  is  formed  simultaneously  upon  the  retina  of  each  eye,  but  it  is  neverthe- 

ess  appreciate!  as  a  unit.  If  the  axis  of  one  eye  be  shghtly  deviated  by  pressure  upon 
TeSL  so  that  the  images  are  not  formed  upon  corresponding  points  upon  the  retina 
of  ea  h  eye  ou,  .ision  is  more  or  less  indistinct  and  is  double.    In  strabismus,  when  his 

onliUon    recent,  temporary,  or  periodical,  as  in  recent         of  p-^^^^^^ 
nal  rectus  muscle,  when  both  eyes  are  normal,  there  is  double  vision.    When  the  strabis 
mus  s  permanen  and  has  existed  for  a  long  time,  double  vision  may  not  be  observed^ 
unless  ?he  subject  direct  the  attention  strongly  to  this  point.    As  it  is  usual,  m  uch 
ca  e    for  one  eye  to  be  much  superior  to  the  other  in  acuteness  of  vision,  an  object  i 

poiMs,  wMoh  .r.,  for  ..ch  eye,  the  centres  of  d.stmet  ™  „„. 

It  is  hardly  ..eeessary  to  speoalate  w,th  rega  d  to  tl  e  «J    sound  with 

upon  eaci  retina,  eo.ve,  the  impression  ot  a  smgle  obj  e  ^3'°"  ",es  of  two  or 
both  ears ;  the  impression  of  a  single  object  ,»  rece.ved  «'»  ^^S^^^^^  concerned  in 
n,or.  fingers,  the  olfactory  nerve,  upon  the  two  sules 

olfaction;  and,  in  the  same  way,  when  wo  look  at  "  '7'°  "'J?     „„„„„3„<,,  „f  both 
brain  app'reei.tes  a  single  in>«;e.    We       ' 'f' ''"J.^;  ^^^^^^^       Xn  the  two  images 
eye.  is  neces.a,y  to  the  ejact  .pprcc.t.on  "{^•'^°'^^Z  '  '^'  „t  ,m'''«'^  »f  « 
are  formed  upon  corresponding  points,  the  bram  reco.ve.  a  correct  .mp 
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object.  When  our  vision  is  perfectly  normal,  the  sensation  of  the  situation  of  any  single 
object'is  referred  to  one  and  the  same  point ;  and  we  cannot  receive  the  impression  of  a 
double  image  unless  the  conditions  of  vision  be  abnormal. 

Corresponding  Points.— ^hWe,  it  requires  no  ai-gument,  after  the  statements  wo  have 
just  made,  to  show  that  an  image  must  be  formed  upon  the  fovea  of  each  eye  in  order 
to  produce  the  effect  of  a  single  object,  it  becomes  important  to  ascertain  how  far  it  is 
necessary  that  the  correspondence  of  points  be  carried  out  in  the  retina.  This  leads  to 
considerations  of  very  great  interest  and  importance.  It  is  almost  certain  that,  for  abso- 
lutely perfect,  single  vision  with  the  two  eyes,  the  impressions  must  be  made  upon  ex- 
actly corresponding  points,  even  to  the  ultimate  sensitive  elements  of  the  retma.  We 
may  suppose,  indeed,  that  each  rod  and  each  cone  of  one  eye  Las  its  corresponding  rod 
and  cone  in  the  other,  situated  at  exactly  the  same  distance  m  corresponding  directions 
from  the  visual  axis.  When  the  two  images  of  an  object  are  formed  upon  these  correspond- 
ing points,  they  appear  as  one  ;  but,  when  the  images  do  not  correspond,  the  impression 
is  as  though  the  images  were  formed  upon  different  points  in  one  retina,  and,  of  neces- 
sity, they  appear  double. 

The  effect  of  a  slight  deviation  from  the  corresponding  points  may  be  illustrated  by 
the  following  experiment :  We  fix  a  small  object,  like  a  lead-pencil,  held  at  a  distance  of 
a  few  inches,  with  the  eyes,  and  see  it  distinctly  as  a  single  object ;  we  hold  in  the  same 
line,  a  few  inches  farther  removed,  another  small  object ;  when  the  first  is  seen  distinctly, 
the  second  appears  double  ;  we  fix  the  second  with  the  eyes,  and  the  first  appeai-s  double. 
It  is  evident  here,  that,  when  the  axes  of  the  eyes  bear  upon  one  of  these  objects,  the 
images  of  the  other  must  be  formed  at  a  certain  distance  from  tbe  corresponding  retinal 
points. 

The  Horopter. — The  above-mentioned  experiment  enables  us  to  understand  the  situa- 
tion of  the  horopter.  If  we  fix  both  eyes  upon  any  object  directly  in  front  and  keep 
them  in  this  position,  a  similar  object  moved  to  one  side  or  the  other,  within  a  certain 
area,  may  be  seen  without  any  change  in  the  direction  of  the  axis  of  vision  ;  but  the  dis- 
tance from  the  eye  at  which  we  have  single  vision  of  this  second  object  is  fixed,  and,  at 
any  other  distance,  the  object  appears  double.  The  explanation  of  this  is,  that,  at  a  cer- 
tain distance  from  the  eye,  the  images  are  formed  upon  corresponding  points  in  the  retina ; 
but,  at  a  shorter  or  longer  distance,  this  cannot  occur.  This  Hlustrates  the  fact  that  there 
are  corresponding  points  throughout  the  sensitive  layer  of  the  retina,  as  well  as  in  the 
fovea  centralis.  By  these  experiments,  the  following  facts  have  been  ascertained :  With 
both  eyes  fixed  upon  an  object,  another  object  moved  to  one  side  or  the  other  can  be 
distinctly  seen  only  when  it  is  carried  in  a  certain  curved  line.  On  either  side  of  this  line, 
the  object  appears  double.  This  line,  or  area,  for  the  line  may  have  any  direction,  is 
called  the  horopter.  It  was  supposed  at  one  time  to  be  a  regular  curve,  a  portion  of  a 
circle  drawn  through  the  fixed  point  and  the  points  of  intersection  of  the  rays  of  light  in 
each  eye.  Although  it  has  been  ascertained  that  the  line  varies  somewhat  from  a  regular 
curve,  and  also  varies  in  different  meridians,  this  is  due  to  differences  in  refraction,  etc., 
and  the  principle  is  not  altered. 

It  is  undoubtedly  true  that  education  and  habit  have  p,  great  deal  to  do  with  the  cor- 
rection of  visual  impressions  and  the  just  appreciation  of  the  size,  form,  and  distance  of 
objects.  If  we  may  credit  the  account  of  the  remarkable  case  of  Caspar  Hauser,  who  is 
said  to  have  been  kept  in  total  darkness  and  seclusion,  from  the  age  of  five  months  until 
he  was  nearly  seventeen  years  old,  the  appreciation  of  size,  form,  and  distance  is  acquired 
by  correcting  and  supplementing  the  sense  of  sight  by  experience,  even  in  binocular  vision. 
This  boy  at  first  had  no  idea  of  the  form  of  objects,  or  of  distance,  until  he  had  learned 
by  touch,  by  walking,  etc.,  that  certain  objects  were  round,  others  square,  and  had.actually 
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traversed  the  distance  from  one  object  to  anotiior.  At  first,  all  objects  appeared  to  be,  as 
it  were,  painted  upon  a  screen.  Sucb  points  as  these  it  would  bo  impossible  for  us  to 
accurately  observe  in  infants ;  but  we  have  all  seen  young  cliildren  grasp  at  remote 
objects,  apparently  under  the  impression  that  they  were  within  reach.  It  must  be  ad- 
mitted, however,  that  the  case  of  Casper  Ilausor  is  rather  indefinite;  but  it  is  certain 
that,  even  in  the  adult,  education  and  habit  enable  us  to  greatly  improve  tlie  faculty  of 
estimating  distances. 

The  important  questions  for  us  now  to  determine  relate  to  the  difi'erences  between 
monocular  and  binocular  vision  in  the  adult.  We  may  see  an  object  distinctly  with 
one  eye ;  but  are  we  able,  from  an  image  made  upon  one  retina,  to  appreciate  all  its 
dimensions  and  its  exact  locality  ? 

Accurate  observations  bearing  upon  this  question  leave  no  doubt  of  the  fact  that 
monocular  vision  is  incomplete  and  inaccurate,  and  that  it  is  only  when  two  images  are 
formed,  one  upon  each  retina,  that  vision  is  perfect.  "We  cannot  better  illustrate  the 
truth  of  this  proposition  and  the  exact  condition  of  our  positive  knowledge  upon  this 
important  point,  than  by  quoting  in  full  the  facts  and  arguments  advanced  by  Giraud- 
Teulon  : 

"  Monocular  vision  only  indicates  to  us  immediately  visual  direction,  and  not  precise 
locality.  At  whatever  distance  a  luminous  point  may  be  situated  in  the  line  of  direction, 
it  forms  its  image  upon  the  same  point  in  the  retina.  _  ^ 

"  In  the  physiological  action  of  a  single  eye,  in  order  to  arrive  at  an  idea  of  the  dis- 
tance of  a  point  in  a  definite  direction,  we  have  only  the  following  elements : 

"  1.  The  consciousness  of  an  effort  of  accommodation. 

"  2.  Our  own  movement  in  its  relations  to  the  point  observed. 

"  3".  Facts  brought  to  bear  from  recoUection,  education,  our  acquired  knowledge  with 
regard  to  the  form  and  size  of  objects :  in  a  word,  experience. 

"  4.  The  geometric  perspective  of  form  and  position. 

"  5.  Aerial  perspective.  _  *  i 

"All  these  are  elements  wanting  in  precision  and  leavmg  the  problem  without  a 

decisive  solution. 

"  And,  indeed :  ,    ,  ,  ,        ij  ^-s 

"  We  place  before  one  of  our  eyes,  the  other  being  closed,  the  excavated  mould  of^ 
medallion :  we  do  not  hesitate,  after  a  few  seconds,  to  mistake  it  for  the  relief  of  the 
medallion.    This  illusion  ceases  at  the  instant  that  both  eyes  are  opened. 

"  A  mSatare,  a  photograph,  a  picture,  produces  for  a  single  eye  ^  Pf  ect  musi^^^^ 
but,  if  both  eyes  be  open,  the  picture  becomes  fiat,  the  prommences  and  the  depressions 

'  Wetay  repeat  the  following  experiment  described  by  Malebranehe:  'S-P-d  ^^y 
a  thread  a  ring,  the  opening  of  which  is  not  directed  toward  us ;  step  back  two  or  three 
paces ;  take  in  the  hand  a  stick  curved  at  the  end ;  then,  c  osmg  one  -^tl'*^;^^^^^^^ 
endea;or  to  insert  the  curved  end  of  the  stick  within  the  ring  and  we  hall  be  surpns  d 
at  beine  unable  to  do  in  a  hundred  trials  what  we  should  believe  to  be  very  easy.  Jt, 
indeed  we  aMndon  the  stick  and  endeavor  to  pass  one  of  the  fingers  through  he  rmg, 
we  shall  experience  a  certain  amount  of  difiiculty,  although  it  is  very  near.  This  diffi- 
culty ceases  at  the  instant  that  both  eyes  are  opened.'  _ 

"As  regards  precision,  exactitude  of  information  '^^^'^'^J f'^'f''^^^^^^^^ 
of  objects,  that  is  to  say,  the  idea  of  the  third  drraensron  or  of  -^^if 
notable  difference  between  binocular  vision  and  that  which  is  obtained  by  means  of 

'  '''^ ?s"evident  that  an  accurate  idea  of  the  distance  of  near  objects  cannot  be  obtain^_ 
except  by  the  use  of  both  eyes,  and  this  fact  will  explain,  in  P;'-^*^^  ^^^^^^^^^^ 
lar  vision,  when  we  look  with  one  eye  upon  objects  in  relief ;  for,  under  these  conditions, 
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wo  cannot  determine  with  accuracy  whether  the  points  in  relief  he  nearer  or  farther 
from  the  eye  than  the  plane  surface.  This  will  not  fully  explain,  however,  the  idea  of 
solidity  of  objects  which  we  obtain  by  the  use  of  both  eyes ;  for  the  estimation  of  dis- 
tance is  obtained  by  bringing  the  axes  of  both  eyes  to  bear  upon  a  single  object,  be  it 
near  or  remote.  The  fact  is,  as  was  distinctly  stated  by  Galen,  in  the  second  century 
that,  when  we  look  at  any  solid  object  not  so  far  removed  as  to  render  the  visual  axes, 
practically  parallel,  we  see  with  the  right  eye  a  portion  of  the  surface  which  is  not  seen 
with  the  left  eye,  and  vice  versa.  The  two  impressions,  therefore,  are  not  identical  for 
each  retina ;  the  image  upon  the  left  retina  including  a  portion  of  the  left  side  of  the 
object  not  seen  by  the  right  eye,  the  right  image  in  the  same  way  including  a  portion  of 
the  right  surface  not  seen  by  the  left  eye.  These  slightly  dissimilar  impressions  are 
fused,  as  it  were,  produce  the  impression  of  a  single  image,  when  vision  is  perfectly 
normal,  and  this  gives  the  idea  of  relief  or  solidity,  enabling  us  to  appreciate  exactly  the 
form  of  objects,  when  they  are  not  too  remote. 

The  fact  just  stated  is  of  course  a  mathematical  necessity  in  binocular  vision  for  near 
objects ;  but  the  actual  demonstration  of  the  fusion  of  two  dissimilar  images  and  the  con- 
sequent formation  of  a  single  image  giving  the  impression  of  solidity  was  made  by  the 
'  invention  of  the  stereoscope,  by  Wheatstone.  The  principle  of  this  instrument  is  very 
simple.  Two  pictures  are  made,  representing  a  sohd  object,  one  viewed  slightly  from 
the  right  side,  and  the  other,  slightly  from  the  left,  so  as  to  imitate  the  difierences  in 
the  images  formed  upon  the  two  retinae.  These  pictures  are  so  placed  in  a  box  that  the 
image  of  one  is  formed  upon  the  right  retina,  and  the  other,  upon  the  left.  When  these 
conditions  are  accurately  fulfilled,  we  see  but  a  single  image,  and  this  conveys  to  the 
mind  the  perfect  illusion  of  a  solid  object.  Experiments  with  the  stereoscope  are  so 
familiar  that  they  need  hardly  be  dwelt  upon.  With  most  persons,  an  apparatus  is 
necessary  to  shut  off  disturbing  visual  impressions ;  but  some  individuals  are  able  to 
fuse  two  images  in  this  way,  placed  in  proper  position,  without  the  aid  of  an  instrument, 
by  a  simple  eiiort  of  the  will. 

The  invention  of  the  stereoscope  has  led  to  many  curious  and  interesting  experiments, 
especially  since  the  art  of  photography  has  enabled  us  to  produce  pictures  in  any  position 
with  absolute  accuracy ;  but  a  simple  statement  of  the  principle  upon  which  the  instru- 
ment is  constructed  illustrates  the  mechanism  of  binocular  vision  in  the  appreciation  of 
the  form  of  objects.  Experience,  the  aid  of  the  sense  of  touch,  etc.,  enable  persons  with 
but  one  eye  to  get  a  notion  of  form,  but  the  impressions  are  never  entirely  accurate  in 
this  regard,  although,  from  habit,  this  defect  occasions  little  or  no  inconvenience.  A 
sti-iking  illustration  of  these  points  is  aflforded  by  the  binocular  microscope,  which, 
especially  with  low  magnifying  powers,  produces  a  startling  impression  of  relief. 

As  we  have  just  remarked,  the  stereoscope  affords  a  satisfactory  explanation  of  the 
mechanism  of  the  eye  in  the  appreciation  of  the  form  of  objects  ;  but,  notwithstanding 
this,  a  theory  has  been  proposed,  and  is  adopted  by  some  writers,  that  we  obtain  an  idea 
of  form  by  rapidly  and  insensibly  directing  the  eyes  successively  toward  different  points 
on  the  surface  of  objects.  It  is  diflacult  to  understand  how  the  eye  can  make  these  rapid 
movements,  but  the  question  is  definitively  settled  by  a  very  simple  fact  demonstrated 
by  Dove,  Ilelmholtz,  and  others.  In  an  article  on  nsual  perception,  by  Helmholtz,  it  is 
stated  that  stereoscopic  effect  is  recognized  when  two  pictures  are  seen  illuminated  by 
an  electric  spark,  the  duration  of  which  does  not  amount  to  the  four-thousandth  part  of 
a  second,  so  short,  indeed,  that  a  falhng  body  appears  absolutely  motionless.  Under 
these  conditions,  displacement  of  the  line  of  vision  would  seem  to  be  impossible. 

We  shall  conclude  our  discussion  of  binocular  vision  and  the  stereoscope  with  a  brief 
account  of  some  experiments  upon  the  binocular  fusion  of  colors,  which  are  very  curious, 
although  they  have  no  very  important  bearing  upon  the  physiology  of  the  eye  in  ordinary 
vision.  Though  an  opposite  opinion  is  held  by  some  experimenters,  Helmholtz,  with 
many  others,  states  that,  when  one  color  is  seen  with  one  eye  and  another  color  with  the 
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other  eye,  in  the  stereoscope,  the  impression  is  not  of  a  single  color  resulting  from  the 
combination  of  the  two.  It  is  true  that  there  is  an  imperfect  mingling  oi  the  two  colors, 
but  this  is  very  diflerent  from  the  resulting  color  produced  by  the  actual  iusion  of  the 
two  There  is  in  other  words,  a  sort  of  confusion  of  colors,  without  the  complete  com- 
bination with  which  we  are  familiar  in  ordinary  experiments.  One  additional  point  of 
interest  however  is  that  the  binocular  fusion  of  two  pictures,  unequally  illummated  or 
of  different  colors,  produces  a  single  image  of  a  peculiar  lustre,  even  when  both  surfaces 
are  dull  This  may  be  very  strikingly  shown  by  making  a  stereoscopic  combmation  of 
iraases  of  crystals,  one  with  black  lines  on  a  white  ground,  and  the  other  with  white  Imes 
on  a  black  ground.  The  resulting  image  has  then  the  appearance  of  dark,  brilhant  crys- 
tals, like  graphite. 

Duration  of  Luminous  Impressions. 
The  time  necessary  for  vision  is  exceedingly  short ;  so  short,  indeed,  that  it  almost 
passes  our  powers  of  comprehension.  Taking  advantage  of  the  very  dehcate  ^ethods  of 
chronometric  observations  now  employed  by  physicists,  it  has  been  shown  by  Prof.  Kood, 
of  New  York,  that  the  letters  on  a  printed  page  are  distinctly  seen  when  illuminated  by 
an  electric  spark,  the  duration  of  which  was  measured  and  found  to  be  not  more  than 
orttb  ronths  o'f  a  second.  Inasmuch  as  the  waves  of  hght  strike  the  eye  at  the  rate  of 
over  five  hundred  miUions  of  millions  in  a  second,  it  is  evident  that,  even  m  the  pe.  od 
indicated  by  Prof.  Eood,  an  immense  number  of  waves  have  tmie  to  impinge  upon  the 

''*Wehave  long  been  familiar  with  the  fact  that  an  impression  made  upon  the  retina 
endles  tbr  a  length  of  time  that  can  readily  be  measured,  and  that  its  J-^t'on  bears  a 
certa  n  degree  of  relation  to  the  intensity  of  the  luminous  excitation.  If,  after  ook  ng 
fixed  y  at Tvery  bright  object,  we  suddenly  produce  complete  obscurity,  the  object  is 
more  or  less  d  stinctly  seen  aft^r  the  rays  have  ceased  to  pass  to  the  eye  and  the  image 
VTJrM\J  When  we  produce  a  rapid  succession  of  images,  they  may  be,  as 
:  wtnt    o,e,  as  tL  a  rapidly-revolving  wheel  are  indistinct  and 

It  weie,  luseu  miu  uu^.,  _  nPi-sistence  of  the  successive  retinal 

there  is  no  time  for  any  appreciable  movement  of  the  object     ine  lam  i 
a„l„g  rapid  re^olutio,,,  and  the  di.k  appears  of  »  ^  J,/  ,1°  jMnl  com- 

different  colors.    According  to  Emsmann,  the  duration  tor  ye  o 
L  white,  0-25  of  a  second ;  for  red,  0-22  of  a  --nd ;  ^d  fo^^^^^^^^^^  pLnom ena°  wMch 
It  is  nmiecessary  to  describe  farther  m 

welirmany  scientific  toys  producing  optical  illusions  of  various  kinds. 

Jrra.iaUon.-lt  has  been  observed        luminous  impres^^^^^^^^^ 
to  the  elements  of  the  retina  directly  involved,  ^'^'^''''^f'^'^^^^^  ^hich  is 

immediately  adjacent.    This  gives  to  objects  a  -tain  f  afforded  by  the 

generally  in  proportion  to  their  ground,  and  the  other 

simple  experiment  of  looking  at  two  circles,  one  black  on  a  wn  b 
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white  on  a  black  ground.  Although  tbo  actual  dimensions  of  the  two  cuxlcs  are  iden- 
tical, the  irradiation  of  rays  from  the  white  circle  makes  this  appear  the  larger.  In  a 
circle  with  one  half  black  and  the  other  white,  the  white  portion  will  appear  larger,  for 
the  same  reason.  This  deception  increases  sensibly  when  we  look  steadily  at  the  object. 
These  phenomena  are  due  to  what  has  been  called  by  physiologists  irradiation ;  and  their 
explanation  is  very  simple.  It  is  probable  that  luminous  impressions  are  never  conhned 
absolutely  to  those  parts  of  the  retina  upon  which  the  rays  of  light  directly  impinge  but 
that  the  sensitive  elements  immediately  contiguous  are  always  more  or  less  involved 
In  looking  at  powerfully-iUuminated  objects,  the  irradiation  is  considerable,  as  compared 
with  objects  which  send  fewer  luminous  rays  to  the  eye.  i   ,  .  , 

In  experiments  analogous  to  those  just  described,  made  with  strongly  colored  objects, 
it  has  been  observed  that  the  border  of  irradiation  takes  a  color  complementary  to  that 
of  the  object  itself.  This  is  particularly  well  marked  when  the  objects  are  steadily  looked 
at  for  some  time.  Illustrations  of  this  point  also  are  very  simple.  If  we  looked  fixedly 
at  a  red  spot  or  figure  on  a  white  ground,  we  soon  see  surrounding  the  red  object  a  faint 
areola  of  a  pale  green;  or,  if  the  unage  be  yellow,  the  areola  will  appear  pale  blue. 
These  appearances  have  been  called  accidental  areolra. 


Movements  of  the  Eyeball. 

The  eyeball  nearly  fills  the  cavity  of  the  orbit,  resting,  by  its  posterior  portion, 
upon  a  bed  of  adipose  tissue,  which  is  never  absent,  even  in  extreme  emaciation.  Out- 
side of  the  sclerotic,  is  a  fibrous  membrane,  the  tunica  vaginalis  ocull,  or  capsule  of 
Tenon,  which  is  useful  in  maintaining  the  equihbrium  of  the  globe.  This  fibrous  mem- 
brane surrounds  the  posterior  two-thirds  of  the  globe  and  is  loosely  attached  to  the 
sclerotic.  It  is  perforated  by  the  optic  nerve  posteriorly,  and  by  the  tendons  of  the 
recti  and  oblique  muscles  of  the  eyeball  in  front,  being  reflected  over  these  muscles.  It 
is  also  continuous  with  the  palpebral  ligaments  and  is  attached  by  two  tendinous  bands 
to  the  border  of  the  orbit  at  the  internal  and  the  external  angles  of  the  lids. 

The  muscles  which  move  the  globe  are  six  in  number  for  each  eye.  These  are,  the 
external  and  internal  recti,  the  superior  and  inferior  recti,  and  the  two  obhque  muscles. 
The  four  recti  muscles  and  the  superior  oblique  arise  posteriorly  from  the  apex  of  the 
orbit.  The  recti  pass  directly  forward  by  the  sides  of  the  globe  and  are  inserted  by 
short,  tendinous  bands  into  the  sclerotic,  at  a  distance  of  from  one-fourth  to  one-third  of 
an  inch  from  the  margin  of  the  cornea.  The  superior  oblique,  or  trochlearis  muscle 
passes  along  the  upper  and  inner  wall  of  the  orbit  to  a  point  near  the  inner  angle.  It 
here  presents  a  rounded  tendon,  which  passes  through  a  ring,  or  pulley  of  fibro-cartilage ; 
and  it  is  from  this  point  that  its  action  is  exerted  upon  the  globe.  From  the  pulley,  or 
trochlea,  the  tendon  becomes  flattened,  passes  outward  and  backward  beneath  the  supe- 
rior rectus,  and  is  inserted  into  the  sclerotic,  about  midway  between  the  superior  and  the 
external  rectus  and  just  behind  the  equator  of  the  globe.  The  inferior  obhque  muscle 
arises  just  within  the  anterior  margin  of  the  orbit,  near  the  inner  angle  of  the  eye,  and 
passes  around  the  anterior  portion  of  the  globe,  beneath  the  inferior  rectus  and  between 
the  external  rectus  and  the  eyeball,  taking  a  direction  outward  and  slightly  backward. 
Its  tendon  is  inserted  into  the  sclerotic,  a  little  below  the  insertion  of  the  superior 
oblique.    The  general  arrangement  of  these  muscles  is  Shown  in  Fig.  254. 

The  various  movements  of  the  eyeball  are  easily  understood  by  a  study  of  the  asso- 
ciated movements  of  the  muscles  just  enumerated,  at  least,  as  far  as  is  necessary  to  the 
comprehension  of  the  mechanism  by  which  the  eyes  are  directed  toward  any  particular 
object.  "We  have  already  seen  that  the  centre  of  exact  vision  is  in  the  fovea ;  and  it  is 
evident  that,  in  order  to  see  any  object  distinctly,  it  is  necessary  to  bring  it  within  the 
axes  of  vision  of  both  eyes.  As  the  globe  is  so  balanced  in  the  orbit  as  to  be  capable  of 
rotation,  within  certain  limits,  in  every  direction,  we  have  only  to  note  the  exact  mode 
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of  action  of  each  of  the  muscles,  in  order  to  comprehend  how  the  different  movements 
are  accomplished  ;  and  it  is  sufficient  for  our  purposes  to  admit  that,  approximatively, 
there  is  a  common  axis  of  rotation  for  each  pair  of  muscles. 

Under  ordinary  conditions,  in  the  human  suhject,  the  action  of  the  six  ocular  muscles 
is  confined  to  the  movements  of  rotation  and  torsion  of  the  globe.  It  is  said  that,  in  tlie 
liuman  suhject,  there  is  no  such  tiling  as  protrusion  of  the  eye  from  general  relaxation 
of  these  muscles,  and  that  it  is  impossible,  by  a  combined  action  of  the  four  recti  muscles 
to  retract  the  globe  in  the  orbit ;  but  those  who  have  operated  upon  the  eyes  assert  posi- 
tively that  this  statement  is  erroneous,  and  that  the  globe  is  almost  always  suddenly  and 
I)owerfully  drawn  within  the  orbit  when  a  painful  impression  is  made  upon  tlie  cornea. 
This  is  stated  as  a  matter  of  common  observation  by  ophthalmic  surgeons. 


Fig.  ioi— Muscles  of  the  eyeball.  (Sappey.) 
1,  attachment  of  the  tendon  connected  with  the  inferior  rectus,  internal  rectus,  and  e'=te™.aj  ';ecta8;  2  extern 

divided  and  turned  downward  to  expose  the  inferior  rectus  ;  8  interna  rectus ;  i,  'J^"?/ .^f^^,?  •  ^\^SPieva- 
rectus;  6,  superior  oblique;  7,  pulley  and  reflected  portion  of  the  superior  oblique  ;  8,  inferior  obhque ,  a,  leva 
tor  palpebri  superioris;  10,  10,  middle  portion  of  the  levator  palpebri  superions;  11,  optic  nerve. 

The  extent  to  which  the  line  of  vision  may  be  turned  by  a  voluntary  effort  varies  in 
different  individuals,  even  when  the  eyes  are  perfectly  normal.  In  myopic  eyes,  the  centre 
of  rotation  is  deeper  in  the  orbit  than  normal,  and  the  extent  of  the  possible  deviation  of 
the  visual  line  is  correspondingly  diminished.  Helmholtz  states  that,  in  his  own  person, 
with  the  greatest  effort  that  he  is  capable  of  making,  he  can  move  the  line  of  vision  m 
the  horizontal  plane  to  the  extent  of  about  fifty  degrees,  and,  in  the  vertical  plane,  about 
forty-five  degrees;  but  he  adds  that  these  extreme  rotations  are  very  forced,  and  that 
they  cannot  be  sustained  for  any  length  of  time.  It  is  probable  that  we  seldom  move  the 
eyebaU  in  any  direction  to  an  angle  of  forty-five  degrees,  the  direction  of  the  visual  line 
being  more  easily  accomphshed  by  movements  of  the  head. 

Action  of  the  Recti  Muscles.-Th&  action  of  the  recti,  particularly  of  the  internal  and 

external,  is  quite  simple.  .     i  •  -u  :„  „„r 

The  internal  and  the  external  recti  rotate  the  globe  upon  a  vertical  axis,  w  iicn  is  per- 
pendicular to  tlie  axis  of  the  eye.  The  isolated  action  of  these  muscles;  particularly  ot  tno 
external  rectus,  is  often  illustrated  in  certain  forms  of  paralysis,  which  have  been  aiiuaea 
to  in  connection  with  the  history  of  the  cranial  nerves.  _  .      t  i  ;„ 

The  superior  and  the  inferior  recti  rotate  the  globe  upon  a  lionzontal  axis,  whicn 
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not  at  right  angles  with  the  axis  of  the  eye,  but  is  inclined  from  the  nasal  side  slightly 
backward.  The  line  which  serves  as  tlie  axis  of  rotation  for  these  muscles  forms  an  angle 
of  about  seventy  degrees  with  the  axis  of  the  globe ;  and,  as  a  consequence  of  this  arrange- 
ment, their  action  is  not  so  simple  as  that  of  the  internal  and  external  recti.  The  inser- 
tion of  the  superior  rectus  is  such,  that,  when  it  contracts,  the  pupil  is  directed  upward 
and  inward,  the  inferior  rectus  directing  the  pupil  downward  and  inward. 

The  above  represents  the  simple,  isolated  action  of  each  pair  of  recti  muscles ;  but  it 
Is  easy  to  see  how,  without  necessarily  involving  the  action  of  the  oblique  muscles,  the 
globe  may  be  made  to  perform  an  immense  variety  of  rotations,  and  the  line  of  vision  may 
be  turned  in  nearly  every  direction,  by  the  action  of  the  recti  muscles  alone. 

Action  of  the  OUiqiie  Muscles. — Although  there  has  been  considerable  discussion  con- 
cerning the  exact  mode  of  action  of  the  oblique  muscles,  their  mechanism  may  now  be 
regarded  as  pretty  well  settled,  at  least  as  regards  the  human  subject.  In  the  first  place, 
it  is  sufficient  for  all  practical  purposes,  to  assume  that  the  superior  and  the  inferior 
oblique  muscles  act  as  direct  antagonists  to  each  other.  The  next  point  to  determine  is 
the  direction  of  the  axis  of  rotation  of  the  globe  with  reference  to  the  action  of  these 
muscles.  The  most  exact,  recent  measurements  show  that  this  axis  is  horizontal  and 
that  it  has  an  oblique  direction  from  before  backward  and  from  without  inward.  The 
angle  formed  by  the  axis  of  rotation  of  the  oblique  muscles  with  the  axis  of  the  globe  is 
thirty-five  degrees;  and  the  angle  be- 
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tvveen  the  axis  of  the  oblique  muscles 
and  the  axis  of  the  superior  and  inferior 
recti  muscles  is  seventy-five  degrees. 

Given  the  direction  of  the  axis  of 
rotation  and  the  direction  of  the  supe- 
rior oblique  muscle,  it  is  easy  to  under- 
stand the  efi'ects  of  its  contraction.  As 
tills  muscle,  passing  obliquely  backward 
and  forward  over  the  globe,  acts  from 
tlie  pulley  near  the  inner  angle  of  the 
eye  to  its  insertion  just  behind  the  an- 
terior half  of  the  globe  on  its  external 
and  superior  surface  (7,  Fig.  254),  it 
must  rotate  the  globe  so  as  to  direct  the 
pupil  downward  and  outward. 

The  inferior  oblique,  passing  outward 
and  slightly  backward  under  the  globe, 
acts  from  its  origin  at  the  margin  of  the 
orbit  near  the  inner  angle  of  the  eye  to 
its  insertion,  which  is  just  below  the  in- 
sertion of  the  superior  oblique.  This 
muscle  rotates  the  globe  so  as  to  direct 
the  pupil  upward  and  outward. 

The  action  of  the  oblique  muscles 
seems  to  be  specially  connected  with 
tlie  movements  of  torsion  of  the  globe. 
It  is  necessary  to  distinct,  single  vision 
with  both  eyes,  that  the  images  should 
be  formed  upon  exactly  corresponding  points  on  the  retina,  and  that  they  should  bear, 
for  the  two  eyes,  corresponding  relations  to  the  perpendicular.  Thus  it  is  that,  when  the 
head  is  inclined  to  one  side,  the  eyes  are  twisted  upon  an  oblique,  antero-posterior  axis ; 
as  can  be  readily  observed  if  we  watch  little  spots  upon  the  iris  during  these  movements. 


Fig.  255.— Diagram  illustrating  the  action  of  tlie  muscles  of 

ffie  eyeball.  (Fiok.) 
The  dark  lines  represent  the  mascles  of  the  eyehall,  and  the 

dotted  lines,  the  axis  of  the  superior  and  the  hiforlor  rectus 

and  the  axis  of  the  oblique  muscles. 
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The  superior  oblique  muscle  is  supplied  by  a  single  nerve,  the  patheticus.  When  this 
muscle  is  paralyzed,  the  inferior  oblique  acts  without  its  antagonist,  and  the  eyeball  is 
immovable,  as  far  as  the  twisting  of  the  globe,  just  described,  is  concerned.  When 
the  head  is  moved  toward  tlie  shoulder,  the  globe  cannot  rotate  to  mamtam  a  position 
corresponding  to  that  of  the  other  eye,  and  we  have  double  vision.  This  point  has 
already  been  touched  upon  in  connection  with  the  physiology  of  the  nerves  of  the  eye- 
ball and  the  situation  of  corresponding  points  in  the  retina. 

Associated  Action  of  the  Different  Muscles  of  the  Eyeball.— It  is  almost  unneces- 
sary to  add,  after  the  description  just  given  of  the  actions  of  the  individual  muscles  of 
the  globe,  that  their  contractions  may  be  associated,  so  as  to  produce  an  infinite  variety 
of  movements.  We  have  no  consciousness,  under  ordinary  circumstances,  of  the  muscular 
action  by  which  the  globe  is  rotated  and  twisted  in  various  directions,  except  that,  by  an 
effort  of  the  will,  we  direct  the  visual  line  toward  different  objects.  By  a  strong  effort, 
we  can  make  the  eyes  converge  by  contracting  both  internal  recti,  and  some  persons  can 
produce  extreme  divergence  by  using  both  external  recti;  but  this  is  abnormal. 

In  looking  at  distant  objects,  the  axes  of  vision  are  practically  parallel.  When  we 
look  at  near  objects,  the  effort  of  accommodation  is  attended  with  the  amount  of  con- 
vergence necessary  to  bring  the  visual  axes  to  bear  upon  identical  points.  In  lookmg 
around  at  different  objects,  we  move  the  head  more  or  less,  rotating  and  twistmg  the 
o-lobes  in  various  directions.  In  the  movements  of  the  globes  vertically,  the  axes  are 
kept  paraUel,  or  at  the  proper  angle,  by  the  internal  and  external  recti,  and  the  superior 
and  inferior  recti  upon  the  two  sides  act  together.  In  rotating  the  globe  from  one  side 
to  the  other,  upon  a  vertical  axis,  the  external  rectus  upon  one  side  acts  with  the  mternal 
rectus  upon  the  other.  In  the  movements  of  torsion  upon  an  antero-posterior  axis  there 
must  be  an  associated  action  of  the  oblique  muscles  and  the  recti.  We  quote  from  Longet 
the  following,  as  illustrative  of  this  combination  of  action  : 

"  If  the  eyes  be  directed  obliquely  upward  and  to  the  left,  the  vertica  meridians  of 
the  two  eyes  are  parallel  and  inclined  from  left  to  right,  for  the  left  eye,  outwai-d,  and  or 
the  right  eye,  inward.  The  movement  of  the  left  eye  upward  and  to  the  left,  or  outwaid, 
necessitates  ;  contraction  of  the  superior  rectus,  the  external  f  ^^us  and  the  mferio 
oblique  muscles.  As  regards  the  right  eye,  also  directed  upward  and  ^  ^^.6  left,  that  . 
to  say,  inward,  this  is  moved  by  the  simultaneous  action  of  the  supenor  rectus,  the  inter- 

nal  rectus,  and  the  inferior  oblique."  , .    .•  t 

We  have  given  the  above  quotation  simply  to  illustrate  a  combmation  of  action  of 

thre!  muscles'for  each  eye,  the'  only  difference  in  binocular  ^^-^-^^l^^^  ^^^^ 
the  external  rectus  is  brought  into  play,  while  the  mternal  rectus  J^^^P^^^^^^^^^^^ 
side    Reversing  this  action  of  the  internal  and  external  recti  we  have  the  action  whic 
dire'cts  thi  pupfl  upward  and  to  the  right.    If  we  substitute  for       -penor  re^^^^^^ 
the  inferior  oblique  the  inferior  rectus  and  the  superior  oh  ique,  ^^^^f  P^^f  ^^^^^^^ 

downward,  and  either  to  the  right  or  left,  as  the  internal  or  external  lectus  upon  either 

side  is  brought  into  action.  associated  action 

One  important  point,  never  to  be  lost  sight  ot  in  om  sumy  o 
of  the  musdes  of  the  globe,  relates  to  the  associated  -ovemen  s  of  the  two J^s^   ^  « 
have  already  seen  that  perfect  binocular  vision  is  possible  on  y  ^^^^^  X^,',^ 
made  upon  exactly  corresponding  points  in  the  retma  of  each  'l^-J\^21lrvZn  the 
in  the  horizontal  plane,  the  points  no  longer  correspond  and  ^^^^^^^^vr^^r.. 
same  as  if  two  impressions  were  made  upon  one  letma    f^^'J^^^^  ^ 
exactly  correspond,  the  two  retina,  act  practical  y  as  a  smgle  organ.    The  J 
in  deviation  of  the  globe  in  the  vertical  plane.    If  we  suppose  for  tl>e  sake  o      g  , 
that  the  retina  is  square,  it  is  evident  that  a  torsion,  or  t^-^'"jr^?Jthe  otllr  1 
antero-posterior  axis  must  be  attended  with  an  analogous  n^ovement  of  t^e  other  g  o 
in  order  to  bring  the  visual  rays  to  bear  upon  the  corresponding  pomts , 
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the  obliquity  of  the  assumed  square  of  the  retina  must  bo  exactly  the  same  for  the  two 
lyes  or  the  coineidence  of  the  corresponding  points  would  be  disturbed  and  we  should 
Save  double  vision.  When  we  dearly  understand  that  deviation  of  one  eye  m  the  hori- 
zontal or  the  vertical  plane  disturbs  the  relation  of  the  correspondmg  pomts,  winch  ,s 
ufficiently  easy  of  comprehension,  and  that  a  deviation  from  exact  comcidence  ot  action 
n  torsion  of  the  globes  twists,  as  it  were,  the  corresponding  pomts,  so  that  tlien-  rela- 
ILn  is  also  disturbed,  we  can  see  that  the  varied  movements  of  the  globes,  by  the  com- 
bined action  of  the  recti  and  oblique  muscles,  must  correspond  for  each  eye,  m  the  move- 
ments of  torsion  upon  an  antero-posterior  axis,  as  weU  as  in  movements  of  rotation  upon 
the  horizontal  or  the  vertical  axis. 

Parts  for  the  Protection  of  the  Eyeball. 
The  orbit  formed  by  the  union  of  certain  of  the  bones  of  the  face,  receives  the  eyeball, 
the  ocular  muscles,  the  muscle  of  the  upper  lid,  blood-vessels,  nerves,  part  of  the  lachry- 
mal apparatus,  and  contains,  also,  a  certain  amount  of  adipose  tissue,  which  latter  never 
disappears,  even  in  extreme  marasmus.  The  bony  walls  of  this  cavity  protect  the  globe 
and  lodge  the  parts  above  enumerated.  The  internal,  or  nasal  wall  of  the  orbit  projects 
considerably  beyond  the  external  wall,  so  that  the  extent  of  vision  is  far  greater  m  the 
outward  than  in  the  inward  direction.  As  the  globe  is  more  exposed  to  accidental  injury 
from  an  outward  direction,  the  external  wall  of  the  orbit  is  strong,  while  the  bones  which 
form  its  internal  waU  are  comparatively  fragile.  The  upper  border  of  the  orbit  (the 
superciliary  ridge)  is  provided  with  short,  stiif  hairs  (the  eyebrows)  which  serve  to  shade 
the  eye  from  excessive  light  and  to  protect  the  eyelids  from  perspiration  from  the  fore- 
head. .  . 

The  eyelids  are  covered  by  a  very  thin  integument  and  are  lined  by  the  conjunctival 
mucous  membrane.  The  subcutaneous  connective  tissue  is  thin  and  loose  and  is  entirely 
free  from  fat.  The  skin  presents  numerous  short  papillaa  and  small  sudoriparous  glands. 
At  the  borders  of  the  lids,  are  short,  stiflF,  curved  hairs,  arranged  in  two  or  more  rows, 
called  the  eyelashes  or  cilia.  Those  of  the  upper  lid  are  longer  and  more  numerous  than 
the  lower  cilia.  The  curve  of  the  lashes  is  from  the  eyeball.  They  serve  to  protect  the 
globe  from  dust,  and,  to  a  certain  extent,  to  shade  the  eye. 

The  tarsal  cartilages  are  small,  elongated,  semilunar  plates,  extending  from  the  edges 
of  the  lids  toward  the  margin  of  the  orbit,  between  the  skm  and  the  mucous  membrane. 
Their  length  is  about  an  inch.  The  central  portion  of  the  upper  cartilage  is  about  one- 
third  of  an  inch  broad,  and  the  corresponding  part  of  the  lower  cartilage  measures  about 
one-sixth  of  an  inch.  At  the  inner  canthus,  or  angle  of  the  eye,  is  a  small,  delicate  liga- 
ment, or  tendon,  the  tendo  palpebrarum,  which  is  attached  to  the  lachrymal  groove 
internally,  passes  outward,  and  divides  into  two  lamellaj,  which  are  attached  to  the  two 
tarsal  cartilages.  At  the  outer  canthus,  the  cartilages  are  attached  to  the  malar  bone  by 
the  external  tarsal  ligament.  The  tarsal  cartilages  receive  additional  support  from  the 
palpebral  ligament,  a  fibrous  membrane  attached  to  the  margin  of  the  orbit  and  the  con- 
vex border  of  the  cartilages  and  lying  beneath  the  orbicularis  muscle.  This  membrane  is 
strongest  near  the  outer  angle  of  the  eye. 

On  the  posterior  surface  of  the  tarsal  cartilages,  partly  embedded  in  them  and  lying 
just  beneath  the  conjunctiva,  are  the  Meibomian  glands.  The  structure  and  functions 
of  these  glands  have  already  been  considered  in  connection  with  secretion.  They  pro- 
duce an  oily  fluid,  which  smears  the  edges  of  the  eyelids  and  prevents  the  overflow  of 
tears. 

Muscles  which  open  and  close  the  Eyelids. — Leaving  out  the  corrugator  supercilii, 
which  draws  the  skin  of  the  forehead  downward  and  inward,  we  have  the  orbicularis 
palpebrarum,  which  closes  the  lids,  and  the  levator  palpebrse  superioris,  which  raises  tlio 
upper  lid.    The  tensor  tarsi,  called  the  muscle  of  Horner,  is  a  very  thin,  delicate  muscle, 


812 


SPECIAL  SENSES. 


which  is  regarded  by  some  anatomists  as  a  deep  portion  of  the  orbicularis.  Considering 
this  as  a  distinct  muscle,  it  consists  of  two  delicate  slips,  which  pass  from  either  eyelid 
behind  the  lachrymal  sac,  uniting  hero  to  go  to  its  attachment  at  the  posterior  portion  of 
the  lachrymal  bone.   When  this  acts  with  the  orbicularis,  it  compresses  the  lachrymal  sac. 

The  orbicularis  palpebrarum  is  a  broad,  thin  muscle,  closely  attached  to  the  skin, 
surrounding  the  free  margin  of  the  lids,  and  extending  a  short  distance  over  the  bones, 
beyond  the  margin  of  the  orbit.  This  muscle  may  be  described  as  arising  from  the  tendo 
palpebrarum,  the  surface  of  the  nasal  process  of  the  superior  maxiliary  bone,  and  the 
internal  angular  process  of  the  os  frontis.  From  this  origin  at  the  inner  angle  of  the 
eye,  its  fibres  pass  elliptically  around  the  fissure  of  the  lids,  as  above  indicated.  Its 
action  is  to  close  the  lids.  In  the  ordinary,  moderate  contraction  of  this  muscle,  only 
the  upper  lid  is  moved ;  but,  in  forcible  contraction,  the  lower  lid  moves  slightly  and  tlie 
lids  are  drawn  toward  the  nose.  In  facial  palsy,  or  when  the  temporo-facial  branch  of 
the  portio  dura  of  the  seventh  nerve  is  paralyzed,  this  muscle  cannot  act,  and  it  is  impos- 
sible to  close  the  eye. 

The  levator  palpebrce  superioris  is  situated  within  the  orbit.  It  arises  from  a  point 
a  little  above  and  in  front  of  the  optic  foramen  at  the  apes  of  the  orbit,  passes  forward 
above  the  eyeball,  and  spreads  into  a  thin  tendon,  which  is  inserted  into  the  anterior 
surface  of  the  superior  tarsal  cartilage.  Its  evident  action  is  to  raise  the  upper  lid.  It 
animated  by  filaments  from  the  third  pair  of  cranial  nerves ;  and,  when  tliis  nerve  is 
paralyzed,  we  have  permanent  falling  of  the  upper  lid,  or  blepharoptosis.  This  muscle 
and  its  relations  are  shown  in  Fig.  254  (9,  10,  10),  page  808. 

In  the  act  of  opening  the  eyes,  the  levator  muscles  alone  are  brought  into  play. 
Closing  of  the  lids  is  accomplished  by  the  orbicular  muscles.  Both  of  these  sets  of  mus- 
cles act  to  a  great  extent  without  the  intervention  of  the  will.  The  eyes  are  kept  open 
almost  involuntarily,  except  in  extreme  fatigue ;  although,  when  the  will  ceases  to  act, 
the  lids  are  closed.  Kevertheless,  we  are  hardly  conscious  of  an  efi'ort  in  keeping  the 
eyes  open,  in  our  waking  moments,  and  we  require  an  effort  to  close  the  eyes.  During 
sleep,  the  eyes  are  closed  and  the  globes  are  turned  upward.  The  contractions  of  the 
orbicular  muscles  which  take  place  in  winking  are  usually  involuntary.  This  act  occurs 
at  short  intervals,  and  it  is  useful  in  spreading  the  lachrymal  secretion  over  the  exposed 
portions  of  the  globes.  The  action  of  both  sets  of  muscles  is  usually  simultaneous,  although 
we  may  educate  them  so  as  to  close  one  eye  while  the  other  is  kept  open.  The  action 
of  the  orbicularis  is  so  far  removed  from  the  control  of  the  will,  that,  when  the  surface 
of  the  globe  is  touched  or  irritated  or  when  the  impression  of  light  produces  intense 
pain,  it  is  impossible  to  keep  the  eye  open. 

Conjunctival  Mucous  Memlrane.— The  entire  inner  surface  of  the  upper  and  lower 
eyelids'is  lined  by  a  mucous  membrane,  which  is  reflected  forward  from  the  mner  periph- 
ery of  the  lids  over  the  eyeball.  The  membrane  lining  the  lids  is  called  the  palpebral 
conjunctiva,  and  that  covering  the  eyeball,  the  ocular  conjunctiva.  The  latter  presents 
a  sclerotic  and  a  corneal  portion.  The  membrane  presents  a  superior  and  an  interior 
fold,  where  it  is  reflected  upon  the  globe.  In  the  superior  conjunctival  fold,  are  numer- 
ous glandular  follicles,  or  accessory  lachrymal  glands,  which  secrete  a  certain  portion  ot 
the  fluid  which  moistens  the  surface  of  the  eyeball.  These  are  generally  described  as 
forming  a  part  of  the  lachrymal  gland.  At  the  inner  canthus,  there  is  a  vertical  lokl 
(the  plica  semilunaris)  with  a  reddish,  spongy  elevation  at  its  inner  portion,  called  tne 
caruncula  lacrymalis.  The  caruncula  presents  a  collection  of  follicular  glands  witu  a 
few  delicate  hairs  on  its  surface.  The  conjunctiva  is  continuous  with  the  membiane  ot 
the  lachrymal  ducts,  of  the  puncta  lacrymalia,  and  of  the  Meibomian  glands.  Beneatn  tlie 
conjunctiva,  except  in  the  corneal  portion,  is  a  loose  connective  tissue.  _ 

The  palpebral  coniunctiva  is  reddish,  thicker  than  the  ocular  portion,  furrowed,  and 
presents  small,  isolated  papillae  near  the  borders  of  the  lids,  which  increase  m  number 
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and  size  toward  the  folds.  This  portion  of  the  membrane  presents  large  capillary  blood- 
vessels and  lymphatics  and  is  covered  with  a  layer  of  cells  of  flattened  epithelium.  Tiie 
sclerotic  portion  is  thinner,  less  vascular,  and  has  no  papilla).  It  is  covered  by  conical 
and  rounded  epithelial  cells,  which  present  from  two  to  four  layers.  Over  the  cornea, 
the  epithelium  of  the  sclerotic  portion  is  continued  in  delicate,  transparent  layers,  without 
a  distinct  basement-membrane. 

The  Laahrymal  Apparatus.— The  eyebaU  is  constantly  bathed  in  a  thin,  watery  fluid 
which  is  secreted  by  the  lachrymal  gland,  is  spread  over  the  globe  by  the  movements  of 
the  lids  and  of  the  eyeball,  and  is  prevented,  under  ordinary  conditions,  from  overflowing 
upon  the  cheek,  by  the  Meibomian  secretion.  The  excess  of  this  fluid  is  collected  into 
the  lachrymal  sac  and  is  carried  into  the  nose  by  the  nasal  duct.  The  lachrymal  gland, 
the  lachrymal  canals,  duct,  and  sac,  and  the  nasal  duct,  constitute  the  lachrymal  appa- 


The  lachrymal  gland  is  an  ovoid,  flattened  gland  of  the  racemose  variety,  resembling 
the  salivary  glands  in  its  general  structure.  It  is  about  the  size  of  a  small  almond  and  is 
lodged  in  a  shallow  depression  in  the  bones  of  the  orbit  at  its  upper  and  outer  portion. 
It  is  closely  attached  to  the  periosteum  by  its  upper  surface  and  is  moulded  below  to  the 
convexity  of  the  globe.  Its  anterior  portion  is  sepai-ated  from  the  rest  by  a  well-marked 
groove,  is  comparatively  thin,  and  adheres  to  the  upper  lid.  It  presents  from  six  to  eight 
(usually  seven)  ducts,  which  form  a  row  of  openings  into  the  conjunctival  fold.  Five  or 
six  of  these  orifices  are  situated  above  the  outer  canthus  and  two  or  three  open  below. 
In  its  minute  structure,  this  gland  presents  no  points  of  special  physiological  interest  as 
distinguished  from  the  ordinary  racemose  glands.  It  receives  nervous  filaments  from  the 
fifth  cranial  nerve  and  the  sympathetic. 


FiQ.  25C. — Lachrymal  and  Meibomian  glands.  (Sappey.) 
1, 1,  Internal  -wall  of  the  orbit ;  2,  2,  internal  portion  of  the  orbicularis  palpebrarum ;  8,  8,  attachment  of  this  muscle  to 
the  orbit ;  4,  orifice  for  the  passage  of  the  nasal  artery ;  5,  muscle  of  Horner ;  G,  6,  posterior  surface  of  the  eyelids, 
with  the  Meibomian  glands;  7,  T,  8,  8,  9,  9, 10,  lachrymal  gland  and  ducts;  11,  openings  of  the  lachrymal  ducts. 

The  apparatus  by  which  the  excess  of  tears  is  conducted  into  the  nose  begins  by  two 
little  points,  situated  on  the  margin  of  the  upper  and  the  lower  lid,  near  the  inner  canthus, 
called  the  puncta  lacrymalia,  which  present  each  a  minute  orifice.  These  orifices  open 
respectively  into  the  upper  and  the  lower  lachrymal  canals,  which  together  surround  tlie 
caruncula  lacrymalis.  At  tlie  inner  angle,  just  beyond  the  caruncula,  the  two  canals 
join,  to  empty  into  the  lachrymal  sac,  which  is  the  dilated  upper  extremity  of  the  nasal 
duct.  The  duct  is  about  half  an  inch  in  length  and  empties  into  the  inferior  meatus  of  the 
nose,  taking  a  direction  nearly  vertical,  and  inclined  slightly  outward  and  backward.  This 


ratus. 
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portion  of  the  lachrymal  apparatus  is  fibrous  and  is  lined  by  a  reddish  mucous  membrane, 
which  presents  several  well-marked  folds.  Near  the  puncta,  are  two  folds,  one  for  each 
lachrymal  canal.  Another  pair  of  folds  exists  near  the  horizontal  portions  of  the  canals. 
At  the  opening  of  the  duct  into  the  nose,  is  an  overhanging  fold  of  the  nasal  mucous 
membrane.  These  folds  are  supposed  to  prevent  the  reflux  of  fluid  from  the  lachrymal 
canals  and  the  entrance  of  air  from  the  nose.  The  mucous  membrane  of  tlie  lachrymal 
canals  is  covered  by  a  flattened  epithelium,  like  that  of  the  conjunctiva.  The  lachrymal 
sac  and  duct  are  hned  by  a  continuation  of  the  ciliated  epithelium  of  the  nose.  The  dis- 
position of  the  apparatus  just  described  is  shown  in  Fig.  25Y. 

The  Tea/i's. — The  secretion  of  the  lachrymal  glands  is  constant,  although  the  quantity  of 
fluid  may  be  increased  under  various  conditions.    The  actual  amount  of  the  secretion  has 

never  been  estimated.  During  sleep  it  is  much  diminished ; 
and,  when  the  eyes  are  open,  the  quantity  is  just  suffieient  to 
moisten  the  eyeball,  the  excess  being  carried  into  the  nose  so 
gradually  that  this  process  is  not  appreciated.  That  this  drain- 
age of  the  excess  of  tears  takes  place  is  shown  by  cases  of  ob- 
struction of  the  nasal  duct,  when  the  liquid  constantly  over- 
flows upon  the  cheeks,  producing  considerable  inconveiyence. 

The  mechanism  of  the  action  of  the  excretory  lachrymal 
apparatus  is  quite  simple,  though  it  has  been  the  subject  of  a 
good  deal  of  discussion.  It  is  probable  that  the  openings  at 
the  puncta  lacrymalia  take  up  the  hquid  like  delicate  pipettes, 
this  action  being  aided  by  the  movements  in  winking,  by 
which,  when  the  lids  are  closed,  the  points  are  compressed  and 
turned  backward,  opening  and  drawing  in  the  tears  when  the 
lids  are  opened.  It  is  possible  that  the  lachrymal  sac  is  com- 
pressed in  the  act  of  winking,  by  the  contractions  of  the  muscle 
of  Horner,  and  that  this,  while  it  empties  the  sac,  may,  in  the 
subsequent  relaxation,  assist  the  mtroduction  of  liquid  from  the 
orbit. 

We  know  very  little  with  regard  to  the  chemical  compo- 
sition of  the  tears,  beyond  the  analysis  made  many  years  ago 
by  Frerichs.  According  to  this  observer,  the  following  is  the  composition  of  the  lachry- 
mal secretion: 


Fio.  25T. — Laclirymal  canals, 
lachrymal  sao,  and  nasal 
canal,  opened  by  their  ante- 
rior portion.  (Sappey.) 

1,  walls  of  the  lachrymal  pas- 
sages, smooth  and  adherent; 
2,  2,  walla  of  the  lachrymal  sac, 
presenting  delicate  folds  of  the 
mucous  membrane;  8,  a  simi- 
lar fold  belongine  to  the  nasal 
mucous  membrane. 


Composition  of  the  Tears. 


Water  

Epithelium  

Albumen  

Chloride  of  sodium, 
Alkaline  phosphates, 
Earthy  phosphates. 
Mucus, 
Fat, 


990-60 
1-40 
0-80 


V-20 


to 


987-00 
3-20 
1-00 


8-80 


l;000-00  1,000-00 


The  specific  gravity  of  the  tears  has  never  been  ascertained.  The  liquid  ,s  perfectly 
clear,  colorless,  of  a  saltish  taste  and  a  feebly  alkahne  reaction.  The  ^'^^^^J^^^^ 
the  table  is  called  by  some  authors,  lachrymine,  thrsnme,  or  dacryohne.  This  substa  ce 
whatever  it  may  be  c^led,  resembles  mucus  in  many  regards  and  ^.^J 
the  conjunctiva  and  not  by  the  lachrymal  glands.  It  differs  from  ordinary  mucus  in  bemg 

^Thrtet'e'tir^^^^^^^    is  readily  influenced  through  the  nervous  system.    Aside  from 
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the  increased  flow  of  this  secretion  from  emotional  causes,  which  probably  operate  through 
the  sympathetic,  a  hypersecretion  almost  immediately  foUows  irritation  of  the  mucous 
membrane  of  the  conjunctiva  or  of  the  nose.  The  same  result  follows  violent  muscular 
effort,  laughing,  coughing,  sneezing,  etc.  The  secretion  of  tears  under  stimulation  of  the 
raucous  membrane  is  reflex. 


CHAPTER  XXV. 

PhysiolO'-ical  anatomy  of  the  auditory  nerves-General  properties  of  the  auditory  nerves-Topoffraphical  anatomy 
of  the  parts  essential  to  the  appreciatton  of  sound-The  external  ear— General  arrangement  of  the  parts  composmg 
the  middle  ear— Anatomy  of  the  tympanum— Arrangement  of  the  ossicles  of  the  ear— Muscles  of  the  middle  ear 
—Mastoid  cells— Eustachian  tube— Muscles  of  the  Eustachian  tube— Mucous  membrane  of  the  middle  ear  and  of 
the  Eustachian  tube-General  areangement  of  the  bony  labyrinth-Laws  of  sonorous  vibrations-Noise  and  musi- 
cal sounds-Intensity,  pitch,  and  quaUty  of  musical  sounds— Musical  scale-Harmonics,  or  overtones-Eesonators 
of  Helmholtz— Eesultant  tones- Summation  tones— Harmony— Discord-Tones  by  Influence  (consonance)— Uses 
of  difl'erent  parts  of  the  auditory  apparatus-Uses  of  the  external  ear-Structure  of  the  membrana  tympani-Uses 
of  the  membrana  tympani— Vibrations  of  the  membrane  by  influence— Appreciation  of  the  pitch  of  tones— Mech- 
anism of  the  ossicles  of  the  ear-Physiological  anatomy  of  the  internal  ear-General  arrangement  of  the  mem- 
branous labyi-inth-Testibule-Semicircular  canals— Cochlea— Liquids  of  the  labyrinth- Distribution  of  nerves  in 
the  cochlea— Organ  of  Corti— Functions  of  different  parts  of  the  internal  ear— Functions  of  the  semicircular  canals 
—Functions  of  the  parts  contained  in  the  cochlea— Summary  of  the  mechanism  of  audition. 

The  general  considerations  introductory  to  the  study  of  vision  are  equally  applicable 
to  the  physiology  of  hearing.  The  impressions  of  sound  are  conveyed  to  the  brain  by 
special  nerves ;  but,  in  order  that  these  impressions  shall  reach  these  nerves  so  as  to  be 
properly  appreciated,  a  complex  accessory  apparatus  is  required,  the  integrity  of  which  is 
essential  to  perfect  audition.  The  study  of  the  arrangement  and  action  of  these  accessory 
parts  is  even  more  important  and  is  far  more  intricate  than  the  physiology  of  the  auditory 
nerves.  The  latter  simply  convey  the  impressions  to  the  brain,  by  a  mechanism  analogous 
to  that  of  general  nervous  conduction,  the  essential  character  of  which  is  not  fully  under- 
stood. The  auditory  nerves  conduct  impressions  of  sound,  as  the  optic  nerves  conduct 
impressions  of  light;  and  this  statement  expresses  the  extent  of  our  positive  knowledge ; 
but  there  is  an  elaborate  apparatus  by  which  the  waves  are  collected,  conveyed  to  a 
membrane  capable  of  vibration,  and  finally  carried  to  the  nerves,  by  which  we  are  enabled 
to  appreciate  the  intensity  and  the  varied  qualities  of  sound. 

Our  positive  and  definite  knowledge  of  the  structure  and  arrangement  of  the  auditory 
apparatus  is  by  no  means  so  complete  as  it  is  with  regard  to  the  eye,  nor  do  we  as  yet 
understand  so  clearly  the  physiological  relations  of  many  points  developed  by  late  ana- 
tomical researches ;  and,  for  this  reason,  it  does  not  seem  desirable  to  consider  the  struct- 
ure of  the  ear  as  fully  as  we  have  the  anatomy  of  the  eye,  restricting  ourselves,  as  we 
have  done,  to  the  physiological  anatomy  of  parts.  With  this  end  in  view,  we  shall  take 
up  fully  the  following  points : 

1.  The  physiological  anatomy  and  the  general  properties  of  the  auditory  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to  the  correct  appreciation  of 
sound. 

3.  The  laws  of  the  propagation  of  sonorous  vibrations,  as  far  as  they  are  applicable 
to  audition. 

4.  The  physiological  action  of  different  parts  of  the  auditory  apparatus. 

Physiological  Anatomy  of  the  Auditory  ITenes. — The  auditory  nerve  constitutes  the 
portio  mollis  of  the  seventh  pair  of  Willis.  The  origin  of  this  nerve  can  easily  be  traced 
to  the  floor  of  the  fourth  ventricle,  where  it  presents  two  roots.    The  external,  or  super- 
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fioial  root,  sometimes  called  the  posterior  root,  can  bo  seen  usually  without  preparation. 
This  consists  of  from  five  to  seven  grayisii  filaments,  which  decussate  in  the  median  lino, 
and  pass  outward,  winding  from  the  fourth  ventricle  around  the  restiform  body.  Tlio 
deep  root  consists  of  numerous  distinct  filaments,  arising  from  the  gray  matter  of  the 
fourth  ventricle,  two  or  three  of  which  pass  to  the  median  lino  to  decussate  with  corre- 
sponding filaments  from  the  opposite  side.  This  root  passes  around  the  restiform  body 
inward,  so  that  this  portion  of  the  medulla  is  encircled,  as  it  were,  by  the  two  roots. 
Passing  from  the  superior  and  lateral  portion  of  the  medulla  oblongata,  the  trunk  of  the 
nerve  is  applied  to  the  superior  and  anterior  surface  of  the  facial.  It  tlien  passes  around 
the  middle  peduncle  of  the  cerebellum,  and  receives  a  process  from  the  arachnoid  mem- 
brane, which  envelops  it  in  a  common  sheath  with  the  facial.  It  then  penetrates  the 
internal  auditory  meatus.  In  its  course,  it  receives  filaments  from  the  restiform  body, 
and  possibly  from  the  pons  Varolii.  Within  the  meatus,  the  nerve  divides  into  an  ante- 
rior and  a  posterior  branch,  the  anterior  being  distributed  to  the  cochlea,  and  the  poste- 
rior, to  the  vestibule  and  semicircular  canals.  The  distribution  of  these  branches  will  be 
fully  described  in  connection  with  the  anatomy  of  the  internal  ear. 

The  color  of  the  auditory  nerves  is  grayish,  and  their  consistence  is  soft,  thus  difieriiig 
from  the  ordinary  cerebro-spinal  nerves,  and  resembling,  to  a  certain  extent,  the  other 
nerves  of  special  sense.  On  the  external,  or  superficial  root,  is  a  small  ganglioform  en- 
largement, containing  fusiform  nerve-cells.  According  to  the  latest  researches,  the  fila- 
ments of  the  trunk  of  this  nerve  consist  of  very  large  axis-cylinders,  surrounded  by  a 
medullary  sheath,  but  having  no  tubular  membrane.  In  the  course  of  these  fibres,  are 
found  small,  nucleated  ganglionic  enlargements. 

General  Properties  of  the  Auditorij  A^er«es.— There  can  be  no  doubt,  as  regards  the 
portio  mollis  of  the  seventh,  that  it  is  the  only  nerve  capable  of  receiving  and  conveying 
to  the  brain  the  special  impressions  produced  by  waves  of  sound ;  but  it  is  an  interestmg 
question  to  determine,  whether  this  nerve  be  endowed  also  with  general  sensibility. 
Analogy  with  most  of  the  other  nerves  of  special  sense  would  indicate  that  the  auditory 
nerves  are  insensible  to  ordinary  impressions ;  and  this  view  is  sustained  by  durect  experi- 
ments, made  many  years  ago.  ,  ,  r 

The  phenomena  observed  during  the  passage  of  galvamc  currents  through  the  audi- 
tory nerves  have,  of  late  years,  been  the  subject  of  much  discussion.    The  old  experiment 
of  Volta  which  was  almost  immediately  confirmed  by  Bitter,  is  sufiiciently  familiar  and 
is  often  quoted  as  showing  that  galvanic  stimulation  of  these  nerves  produces  a  sensation 
of  sound  •  but  the  facts  ascertained  leave  room  for  doubt  with  regard  to  the  precise  mode 
of  action  of  the  current.    A  careful  study  of  recent  observations  upon  this  point  renders 
the  question  even  more  obscure  ;  but,  from  a  purely  physiological  point  of  view,  we  have 
only  to  do  with  the  efi-ects  of  stimulating  the  auditory  nerves  m  health.    Leaving  the 
therapeutic  and  diagnostic  uses  of  galvanism  out  of  the  question  we  find  that  there  is 
considerable  uncertainty  with  regard  to  the  fact  of  direct  stimulation  of  the  audito,  j 
nerves,  in  the  recent  experiments  with  the  galvanic  current.    Brenner  observed  trong 
sensations  of  sound  with  one  of  the  poles  of  a  battery  in  tlae  auditory  P'^^^'^s;  « ^l^^ 
water  and  the  other  connected  with  different  parts  of  the  body.    When  the  cathode  ^^  as 
;iaS  in  the  ear,  the  sound  was  heard  at  the  making  of  the  current.    With  the  anode  in 
the  ear  there  was  no  sound  at  the  making  of  the  current  or  durmg  its  passage,  but  a 
sfi^ht  s^ld  was  heard  at  the  breaking  of  the  current.    These  P^-omena  closely  resem^ 
ble  those  produced  by  the  galvanic  current  applied  Jo  ordinary  motor  ne  ves  m  s^^^^^^^ 
as  the  action  seemed  to  be  most  vigorous  at  the  making  of  the  circuit  w^J^      ^ire  t 
current,  and  at  the  breaking  of  the  circuit,  with  the  inverse  current  f'J'J^^^^^^^^^^^ 
cathode  is  placed  in  the  ear,  the  current  is  direct,  following  the  '^'^L  lu  niZlZ 
the  centre  io  the  periphery,  and  .ice  versa.    Without  following  out  t    ^     ~  ^J^^^^ 
question  in  detail  it  seems  only  necessary  to  study  the  very  clear  and  satisfactoiy  experi 
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Hiouts  of  Wreden,  to  bocoinc  convinced  that  the  subjeotivo  auditory  phenomena,  attrib- 
uted by  Brenner  and  otliera  to  irritation  of  the  auditory  nerves,  are  duo  to  contraction 
of  the  muscles  of  the  middle  ear,  particularly  the  stapedius.  The  facts,  clinical  and  ex- 
perimental, upon  which  this  view  is  based,  are  the  following:  In  cases  of  clonic  spasm  of 
the  stapedius,  sensations  of  sound  have  been  observed,  exactly  like  those  produced  by  an 
induced  current.  In  cases  of  complete  facial  paralysis  from  otitis,  in  which  paralysis  of 
the  auditory  nerve  could  be  positively  excluded,  it  was  not  possible  to  produce  subjective 
auditory  sensations,  even- by  powerful  galvanization  by  a  catheter  passed  through  the 
Eustachian  tube  into  the  tympanic  cavity,  or  by  the  external  meatus.  In  addition,  there 
are  other  well-established  clinical  observations,  mentioned  by  Wreden,  which  sustain  the 
theory  of  muscular  contraction  and  are  opposed  to  the  idea  of  direct  stimulation  of  the 
auditory  nerves. 

The  facts  just  stated  show  that  there  is  no  positive  evidence  of  the  production  of  im- 
pressions of  sound  by  galvanic  stimulation  of  the  auditory  nerves  ;  while  it  appears  from 
expei-iments,  that  these  nerves  are  not  endowed  with  general  sensibility.  The  results, 
then,  as  regards  the  auditory  nerves,  are  simply  negative.  Were  it  possible  to  subject 
these  nerves  to  mechanical  or  galvanic  stimulation,  in  the  human  subject,  without  involv- 
ing other  parts,  we  might  arrive  at  some  definite  conclusion ;  but  the  difficulties  in  the 
way  of  suoli  an  experiment,  it  must  be  admitted,  have  thus  far  proved  insurmountable. 

Topographiaal  Anatomy  of  the  Parts  essential  to  the  A2ypreciatio?i  of  Sound. 

Perfect  audition  requires  the  anatomical  integrity  of  a  very  complex  apparatus,  which, 
for  convenience  of  anatomical  description,  may  be  divided  into  the  external,  middle,  and 
internal  ear.  A  correct  appreciation  of  the  physiology  of  these  parts  demands,  as  a  neces- 
sary preparation,  a  knowledge  of  their  physiological  anatomy : 

1.  The  external  ear  includes  the  pinna  and  the  external  auditory  meatus,  which  is 
closed  internally  by  the  membrana  tympani. 

2.  The  middle  ear  includes  the  cavity  of  the  tympanitm,  or  drum,  with  its  boundaries. 
The  parts  here  to  he  described  are,  the  membrana  tympani,  the  form  of  the  tympanic 
cavity,  its  openings,  its  Hning  membrane,  and  the  small  bones  of  the  ear,  or  ossicles,  with 
their  ligaments,  muscles,  and  nerves.  The  cavity  of  the  tympanum  communicates,  by 
the  Eustachian  tube,  with  the  pharynx  and  also  presents  openings  into  the  mastoid  cells. 

3.  The  internal  ear  contains  the  terminal  filaments  of  the  auditory  nerve.  It  includes 
the  vestibule,  the  three  semicircular  canals,  and  the  cochlea,  which  together  form  the 
labyrinth. 

The  pinna  and  the  external  meatus  simply  conduct  the  waves  of  sound  to  the  tym- 
panum. The  parts  entering  into  the  structure  of  the  middle  ear  are  accessory,  and  are 
analogous  in  their  functions  to  the  refracting  media  of  the  eye.  Structures  contained 
in  the  labyrinth  constitute  the  true  sensory  organ  ;  and  these  bear  the  same  relations  to 
the  auditory  apparatus  as  the  retina  to  the  eye. 

The  External  Ear. — It  is  hardly  necessary  to  our  purpose  to  describe  very  minutely 
the  external  ear.  The  pinna,  or  auricle  is  that  portion  projecting  from  the  head,  which 
first  receives  the  waves  of  sound.  Beginning  externally,  we  have  the  helix,  which  is  the 
outer  ridge  of  the  pinna.  Just  within  this,  is  a  groove,  called  the  fossa  of  the  helix.  This 
fossa  is  bounded  anteriorly  by  a  prominent  but  shorter  ridge,  called  the  antiholix ;  and 
above  the  concha,  between  the  superior  portion  of  the  antilielix  and  the  anterior  poi'tion 
of  the  helix,  is  a  shallow  fossa,  called  the  fossa  of  the  antilielix.  The  deep  fossa,  imme- 
diately surrounding  the  opening  of  the  meatus,  is  called  the  concha.  A  small  lobe  pro- 
jects posteriorly,  covering  the  anterior  portion  of  the  concha,  which  is  called  the  tragus ; 
and  the  projection  at  the  lower  extremity  of  the  antiholix  is  called  the  antitragus.  The 
fleshy,  dependent  portion  of  the  pinna  is  called  the  lobule  of  the  ear. 
52 
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Tlie  form  of  tlie  pinua  unci  its  consistence  depend  upon  Uie  presence  of  fibro-carliluge, 
Avliich  ocoupies  tlie  whole  of  the  external  ear  except  the  loljulc.  'I'iiis  structure  1,hk 
already  been  described  in  another  chapter. 

The  integument  covering  the  car  does  not  vary  much  from  the  integument  ol'  the 
general  surface.  It  is  thin,  closely  attached  to  the  subjacent  parts,  and  possesses  small, 
rudimentary  hairs,  with  sudoriparous  and  sebaceous  glands. 

The  muscles  of  the  car  are  not  important  in  the  human  sul))ect ;  and,  excludmg  it 
few  exceptional  cases,  they  are  not  under  the  control  of  the  will.  The  extrinsic  muscles 
are  the  superior,  or  attoUens,  the  anterior,  or  attrahens,  and  the  posterior,  or  retrahens 
aurom  In  addition,  there  are  the  six  small  intrinsic  muscles,  situated  between  the  ridges 
upon  the  cartilaginous  surface.  The  pinna  is  attached  to  the  sides  of  tlie  head  by  two 
distinct  ligaments  and  a  few  delicate  ligamentous  fibres. 

Tlie  external  auditory  meatus  is  ahout  an  inch  and  a  quarter  in  length  and  extends 
from  the  concha  to  the  membrana  tympani.    Its  course  is  somewhat  tortuous.  Passing 
from  without  inward,  its  direction  is  at  first  somewhat  upward,  turning  abruptly  over  a 
bony  prominence  near  the  middle,  from  which  it  has  a  slightly  downward  direction  to 
the  membrana  tympani.   Its  general  course  is  from  without  inward  and  slightly  forward. 
The  inner  termination  of  the  canal  is  the  membrana  tympani,  which  is  quite  ohhquc,  the 
upper  portion  being  inclined  outward,  so  that  the  inferior  wall  of  the  meatus  is  consid- 
erably longer  than  the  superior.  ■,      .^  v„„„ 
The  walls  of  the  external  meatus  are  partly  cartilaginous  and  fibrous,  and  partly  hony. 
The  cartilaginous  and  fibrous  portion  occupies  a  little  less  than  one-half  of  the  entire 
length  and  consists  of  a  continuation  of  the  cartilage  of  the  pmna,  with  fibrous  tissue 
About  the  lower  two-thirds  of  this  portion  of  the  canal  is  cartilaginous  the  upper  third 
being  fibrous.    The  rest  of  the  tube  is  osseous  and  is  a  little  longer  and  narrower  than 
the  cartilaginous  portion.    Around  the  inner  extremity  of  the  canal,  with  -ception 
of  its  superior  portion,  is  a  narrow  groove,  which  receives  the  greater  portion  ot  the 
marein  of  the  membrana  tympani.  •     *i  „ 
The  skin  of  the  external  meatus  is  continuous  with  the  integument  covermg  the 
pinna.    It  is  very  delicate,  becoming  thinner  from  without  inward    In  the  osseous  por- 
tion it  adheres  very  closely  to  the  periosteum,  and,  at  the  bottom  of  the  canal,  it  is 
Se  ed  ot  the  mLbran'a  tympani,  forming  its  outer  layer.    In  the  cartdagmous  and 
ibrous  portion,  are  numerous  short,  stiflP  hairs,  with  sebaceous  E^^-^^ ^'^''e  l^^^ 
follicles  and  the  coiled  tubes  known  as  the  cerummous  glands.    The  structme  of  these 
gtnds  and  the  properties  and  composition  of  the  cerumen  have  already  been  described 
under  the  head  of  secretion. 

General  Arrangement  of  tke  Parts  composing  the  Middle  ^--"^ 'f  '^^^J  ^f/" 
rate  and  minute  anatomical  description,  fully  illustrated  by  P^''^*«^\Vs^;fh;midd^and 
.ear  idea  of  ^  ^^^ure  ^t^  ^^2^!^^^^:^^ 

Im  enable  the  student  to  comprehend  ^J^^'^^^;,^^^^  tS  of 
description  certain  of  the  most  important  struct  ues.  in  be  innin  convenient 
describing  the  physiological  -^^omy  of  the  mulcHe  and  in.^^^^^^  V^h  a  careM 

middle  ear  presents  a  narrow  cavity  (Fig.  258,  11),  °y  ,^"  i  one    The  general 

tiie  external  ear  and  the  la^^y^nth       tbe  s^bstanc^^  '^^^^^^^Xr^.^^.c  ofvity  is 

arrangement  of  its  parts  is  .^"1'^,^^,/''^:  membrane  is  concave,  its  concav- 

formed  by  the  membrana  tympani  (Fig.  258,  6).    This  memman 
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ity  looking  outward,  nml  ol)li(iue,  inclining  usually  at  an  angle  of  forty-fivo  degrees  with 
the  perpendicular.  This  angle,  however,  varies  considerably  in  different  individuals. 
The  roof  is  formed  by  an  exceedingly  thin  plate  of  bone.  The  floor  is  bony  and  is  much 
narrower  than  the  roof.  The  inner  wall,  separating  the  tympanic  cavity  from  the  laby- 
rinth, is  irregular,  presenting  several  small  elevations  and  foramina.  The  fenestra  ovalis, 
an  ovoid  opening  near  its  upper  portion,  leads  to  the  cavity  of  the  vestibule.    This  is 


Fig.  ibH.— General  ■view  of  the  or(imi  of  hearing.  (Sappey.) 
1.  pinna;  2,  cavity  of  tlio  concha,  on  the  walls  of  which  are  seen  the  oriflces  of  a  ^eat  number  of  sebaceous  glands; 
3,  external  auditory  meatus ;  4,  angular  projection  formed  by  the  union  of  the  anterior  portion  of  the  concha 
with  the  posterior  wall  of  the  auditory  canal ;  6,  openiuRs  of  the  ceruminous  glands,  the  most  internal  of  which 
form  a  curved  liue  which  corresponds  with  the  beginning  of  the  osseous  portion  of  the  external  meatus ;  6, 
membrana  tympani  and  the  clastic  flbrous  membrane  which  forms  its  border ;  7,  anterior  portion  of  the  incus ; 
8,  malleus;  9,  handle  of  the  malleus  applied  to  the  internal  surface  of  the  membrana  tympani,  which  it  draws 
inward  toward  the  projection  of  the  promontory  ;  10,  tensor  tympani  muscle,  the  tendon  of  which  is  reflected  at 
a  right  angle  to  become  attached  to  the  superior  portion  of  the  handle  of  the  malleus ;  11,  tympanic  cavity ;  12; 
Eustachian  tube,  the  internal,  or  pharyngeal  extremity  of  wJiich  has  been  removed  by  a  section  perpendicular 
to  its  curve;  18,  superior  semicircular  canal;  14,  posterior  semicircular  canal;  1.5,  external  semicircular  canal, 
16,  cochlea;  17,  internal  auditory  canal ;  18,  facial  nerve;  19,  large  petrosal  branch,  given  olf  from  the  ganglio- 
form  enlargement  of  the  facial  and  passing  below  the  cochlea  to  go  to  its  distribution ;  20,  vestibular  branch  of 
the  auditory  nerve ;  21,  cochlear  branch  of  the  auditory  nerve. 

closed,  in  the  natural  state,  by  the  base  of  the  stapes  and  its  annular  ligament.  Below, 
is  a  smaller,  ovoid  opening,  the  fenestra  rotunda,  which  leads  to  the  cochlea.  This  is 
closed,  in  the  natural  state,  by  a  membrane,  called  the  secondary  membrana  tympani. 
In  addition,  the  posterior  wall  presents  several  small  foramina  leading  to  the  mastoid 
cells,  which  are  lined  by  a  continuation  of  the  mucous  membrane  of  the  tympanic 
cavity.  The  tympanic  cavity  also  presents  an  opening  leading  to  the  Eustachian  tube, 
and  a  small  foramen,  which  gives  passage  to  the  tendon  of  the  stapedius  muscle.  The 
Eustachian  tube  extends  from  the  upper  part  of  the  pharynx  to  the  tympanum. 

The  small  bones  of  the  ear  are  three  in  number ;  the  incus,  the  malleus,  and  the 
stapes,  forming  a  chain,  connected  together  by  ligaments  (Fig.  359).  These  bones  are 
situated  in  the  upper  part  of  the  tympanic  cavity.  The  handle  of  the  malleus  (A,  2, 
Fig.  259)  is  closely  attached  to  the  membrana  tympani,  and  the  long  process  (A,  3,  Fig. 
259)  is  attached  to  the  Glasserian  fissure  of  the  temporal  bone.  The  malleus  is  articu- 
lated with  the  incus.  The  incus  (B,  Fig.  259)  is  connected  with  the  posterior  wall 
of  the  tympanic  cavity,  near  the  openings  of  the  mastoid  cells.  It  is  ai'ticulated  with 
the  malleus,  and,  by  the  extremity  of  its  long  process  (B,  2,  Fig.  259j,  with  the  stapes. 
Tlie  stapes  (0,  Fig.  259)  is  the  most  internal  bone  of  the  middle  ear.    It  is  articulated 
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by  its  smnller  extremity  with  the  loug  procesH  of  tlio  iiieiis.  Its  base  is  oval  (0*,  Fig. 
2D9)  and,  with  its  annuhir  ligaiiieiit,  is  uppHfd  to  tiic  Ibnestra  ovalis.    'I'hc  dirocttlon  of 

the  stapes  is  nearly  at  a  right  angle  witii  I  lie 
long  process  of  the  incus  in  the  natural  state 
(8,  Fig.  200). 

There  are  throe  well-defined  muscles  con- 
nected with  the  middle  ear.  Of  these,  two  arc 
attached  to  the  malleus,  and  one,  to  the  stapCK. 

The  largest  of  the  three  muscles  i.s  the  tensor 
tympani,  called  sometimes  the  internal  muscle 
of  the  malleus.    Its  fibres  arise  from  the  carti- 
laginous portion  of  the  Eustachian  tube,  the 
spinous  process  of  the  sphenoid  bone,  and  the 
adjacent  portion  of  the  temporal.    From  this 
origin,  it  passes  backward,  almost  horizontally, 
to  the  tympanic  cavity.    In  front  of  the  fenes- 
tra ovalis,  it  turns,  nearly  at  a  right  angle,  over 
a  bony  process,  and  its  tendon  is  inserted  into 
the  handle  of  the  malleus  at  its  inner  surface 
near  the  root.    The  tendon  is  very  delicate, 
and  the  muscular  portion  is  about  half  an  inch 
in  length  (10,  Fig.  258).    The  muscle  and  its 
tendon  are  enclosed  in  a  distinct  fibrous  sheatli. 
The  action  of  this  muscle  is  to  draw  the  handle 
of  the  malleus  inward,  pi-essing  the  base  of  the 
stapes  against  the  membrane  of  the  fenestra  ovalis  and  producing  tension  of  the  mem- 
brana  tyrapaui.    The  fibres  of  this,  and  of  all  the  muscles  of  the  middle  ear,  are  of  the 
striated  variety.    The  tensor  tympani  is  supplied  with  motor  filaments  from  the  otic 
ganglion,  which  are  probably  derived  from  the  facial  nerve. 


Fio. 


ITt^—Omiclex  of  the  ti/mpanujn  of  the,  rigid 
side;  inaynijiedi  diamHerH.  (Arnold.) 
A,  malleiiB;  1,  Its  bead;  2,  the  bimrtle;  8,  long,  or 
slondor  process;  4,  short  process;  B,  iuciis;  1,  its 
body ;  2,  the  loug  process  with  t'tie  orbicular  pro- 
cess; .3,  short,  or  posterior  process;  4,  articular 
surface  receiving  tlie  bead  of  the  malleus;  0, 
stapes;  1,  bead;  2,  posterior  cms;  3,  anterior 
crus ;  4,  base ;  0*,  l)ase  of  the  stupes ;  D,  the  three 
bones  in  their  natural  connection  as  seen  Irom  the 
outside ;  a,  malleus ;  6,  incus ;  f,  stapes. 


F.O.  m.-The  Hvhl  temporal  hoite,  the P<^t^osaZj>orHon  r<^^^;^<^"'0      "^^'^^  sce»from  main.  From 

4,  the  incus,  the  short  process  of  wbichis  directed  neariy  in  an  h^^^^^^^^^ 

incus,  free  in  the  tympanic  cavity,  articulated  with  tl'^^'^Pf       t^*^,,^"  [.'{^^^^^^  incus.   This  is  dr.wn 

long  process  of  the  malleus  in  the  Glasserian  fissure;  8.  the  stapes  a^  ^^^.^  j,,^  „f 

somewhat  outward :  otherwise,  the  base  of  the  stapes  alone  would  bo  ^  isible.      uis  uy 
the  malleus  attached  to  the  membrana  tympani. 

The  laxator  tympani,  the  external  muscle  of  the  malleus,  arises  fr"™  ^P^^^^^ 
cess  of  the  sphenoii  bone  and,  by  a  few  filaments,  fron,  the  carflagmous  portion  of  the 
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Fustachian  tnbe.  It  passes  backward,  througli  tlie  flasserian  lissure,  to  be  inserted  into 
the  neck  of  the  malleus,  being  enclosed,  in  its  course,  in  a  fibrous  sheath.  The  laxator 
tvinpani  is  generally  believed  to  be  muscular,  though  some  authorities  deny  that  it  is 
.  omposed  of  true  muscular  fibres.  Its  action  would  bo  to  draw  the  malleus  forward  and 
outward,  producing  relaxation  of  the  membrana  tympani.  It  is  not  definitely  known  from 
what  nerve  this  muscle  derives  its  motor  filaments. 

The  stapedius-  muscle  is  situated  in  the  descending  portion  of  the  aqueductus  Eallopii 
:ind  in  the  cavity  of  the  pyramid  on  the  posterior  wall  of  the  tympanic  cavity.  Its  ten- 
ilon  emerges  from  a  foramen  at  the  summit  of  the  pyramid.  In  the  canal  in  which  this 
muscle  is  lodged,  its  direction  is  upward  and  vertical.  At  the  summit  of  the  pyramid,  it 
turns  at  nearly  a  right  angle,  its  tendon  passing  horizontally  forward  to  be  attached  to 
the  head  of  the  stapes.  Like  the  other  muscles  of  the  ear,  this  is  enveloped  in  a  fibrous 
sheath.  Its  action  is  to  draw  the  head  of  the  stapes  backward,  relaxing  the  membrana 
tympani.  This  muscle  receives  filaments  from  the  facial  nerve  by  a  distinct  branch,  the 
tvmpanic. 

The  posterior  wall  of  the  tympanic  cavity  presents  several  foramina  which  open 
directly  into  numerous  irregularly-shaped  cavities,  communicating  freely  with  each  other, 
in  the  mastoid  process  of  the  temporal  bone.  These  are  called  the  mastoid  cells.  They 
are  lined  by  a  continuation  of  the  mucous  membrane  of  the  tympanum.  There  is,  under 
certain  conditions,  a  free  circulation  of  air  between  the  pharynx  and  the  cavity  of  the 
tympanum  through  the  Eustachian  tube,  and  from  the  tympanum  to  the  mastoid  cells. 

The  Eustachian  tube  (12,  Fig.  258)  is  partly  bony  and  partly  cartilaginous.  FoUowing 
its  direction  from  the  tympanic  cavity,  it  passes  forward,  inward,  and  slightly  downward. 
Its  entire  length  is  about  an  inch  and  a  half.  Its  caliber  gradually  contracts  from  the 
tympanum  to  the  spine  of  the  sphenoid,  and  from  this  constricted  portion  it  gradually 
dilates  to  its  opening  into  the  pharynx,  the  entire  canal  presenting  the  appearance  of  two 
cones.  The  osseous  portion  extends  from  the  tympanum  to  the  spine  of  the  sphenoid  bone. 
The  cartilaginous  portion  is  an  irregularly  triangular  cartilage,  bent  upon  itself  above, 
forming  a  furrow,  with  its  concavity  presenting  downward  and  outward.  The  fibrous 
portion  occupies  about  half  of  the  tube  beyond  the  osseous  portion,  and  completes  the 
canal,  forming  its  inferior  and  external  portion.  In  its  structure,  the  cartilage  of  the 
Eustachian  tube  is  intermediate  between  the  hyaline  and  the  fibro-cartilage. 

The  circumflexus,  or  tensor  palati  muscle,  which  has  already  been  described  in  connec- 
tion with  deglutition,  is  attached  to  the  anterior  margin,  or  the  hook  of  the  cartilage.  The 
attachments  of  this  muscle  have  lately  been  accurately  described  by  Eiidinger,  who  calls 
it  the  dilator  of  the  tube.  The  following  excellent  summary  of  the  action  of  the  muscles 
upon  the  tube  is  taken  from  the  report  on  otology,  by  Dr.  J.  Orne  Green,  contained  in 
the  Transactions  of  the  American  Otological  Society,  18T0 : 

"The  tensor  palati  muscle  is  a  dilator  of  the  tube;  it  is  inserted  along  the  whole 
length  of  the  hook  of  the  cartilage,  passing  forward,  inward,  and  slightly  downward,  and 
its  fibres  spread  out  along  the  edge  of  the  soft  palate  and  on  the  side  of  the  pharynx.  In 
contracting,  it  draws  the  hook  of  the  cartilage  forward  and  a  little  downward,  thus  en- 
larging the  caliber  of  the  tube.  The  levator  palati  takes  its  origin  from  the  temporal 
bone  just  below  the  osseous  tube,  and  passes  along  the  floor  of  the  tube,  some  of  its  fibres 
arising  from  the  lower  end  of  the  cartilage ;  it  is  inserted  in  the  uvula,  and,  in  contracting 
the  belly  of  the  muscle  which  lies  along  the  floor  of  the  tube,  becomes  thicker:  the  floor 
of  the  tube  is  raised,  and  the  fibres  arising  from  tlie  cartilage  serve  to  draw  the  lower  end 
of  this  away  from  the  oppo.site  wall. 

"  Tlie  palato-pharyngeus  rises  from  the  posterior  part  of  the  lower  end  of  the  cartilage, 
passes  backward,  and  is  inserted  on  the  posterior  wall  of  the  pharynx.  Its  action  would 
he  to  draw  the  posterior  wall  of  the  tube  backward ;  but,  as  it  is  often  but  slightly  .de- 
veloped, it  probably  only  serves  to  fix  the  cartilage,  so  that  the  other  muscles  can  act 
move  effectively. 
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"The  opening  of  the  tube  is  thusMic  result  ol'  tlio  action  of  tlieso  three  muBcles:  tlie 
tensor  palati,  or  dilator  tnhtxs,  draws  the  hook  of  the  cartilage  outwai-d,  the  cartilnge 
becomes  less  curved  and  the  tube  is  widened;  the  levator  palati  in  contracting  becomes 
more  horizontal,  and  draws  the  lower  end  of  the  cartilage  inward  and  upward,  thus 
enlarging  the  pharyngeal  orifice  more  than  3"'.  As  soon  as  these  muscles  cease  acting, 
the  elasticity  of  the  cartilage  restores  the  canal  to  its  former  condition." 

It  is  thus  that  the  action  of  certain  of  the  muscles  of  deglutition  dilates  the  pharyngeal 
opening  of  the  Eustachian  tube.  If  we  close  the  mouth  and  no.strils  and  niake  sevenii 
repented  acts  of  deglutition,  we  draw  the  air  from  the  tjiiipanic  cavity,  and  the  atinos- 
I)horic  pressure  renders  the  membrane  of  the  tympanum  tense,  increasing  its  concavity. 
By  one  or  two  lateral  movements  of  the  jaws,  wo  open  the  tube,  the  pressure  of  air  is 
equalized,  and  the  ear  returns  to  its  normal  condition.  The  nerves  animating  the  dilator 
tubiB  come  from  the  pneumogastric  and  are  derived  from  the  spinal  accessory. 

A  smooth  mucous  membrane  forms  a  continuous  lining  for  the  Eustachian  tube,  tiie 
cavity  of  the  tympanum,  and  the  mastoid  cells.  In  all  parts,  it  is  closely  adherent  to  the 
subjacent  tissues,  aiid,  in  the  cavity  of  the  tympanum,  it  is  very  thin.  In  the  cartilaginous 
portion  of  the  Eustachian  tube,  there  are  numerous  mucous  glands,  which  are  most 
abundant  near  the  pharyngeal  orifice,  and  gradually  diminish  in  number  toward  the 
osseous  portion,  in  which  there  are  no  glands.  Throughout  the  tube,  the  surface  of  the 
nmcous  membrane  is  covered  with  conoidal  cells  of  ciliated  ei)ithelium.  The  mucous 
membrane  of  the  tympanic  cavity  is  very  thin,  consisting  of  little  more- than  epithehum 
and  a  layer  of  connective  tissue.  It  lines  the  walls  of  the  cavity,  the  inner  surface  of  the 
membrana  tympani,  is  prolonged  into  the  mastoid  cells,  and  covers  the  ossicles  and  those 
portions  of  the  muscles  and  tendons  which  pass  through  the  tympanum.  On  the  floor  of 
the  tympanic  cavity  and  on  its  anterior,  inner,  and  posterior  walls,  the  epithehum  is  ol 
the  conoidal,  ciliated  variety.  On  the  promontory,  roof,  ossicles,  and  muscles  the  cells 
are  of  the  pavement-variety  and  not  ciliated,  the  transition  from  one  form  to  the  other 
bein-  eradual.  The  entire  raucous  membrane  contains  numerous  lymphatics,  a  plexus 
of  nerve-fibres  and  nerve-cells,  with  some  peculiar  cells,  the  physiology  of  which  is  not 

"""^wf  hat  thus  given  a  general  sketch  of  the  physiological  anatomy  of  the  middle  ear, 
and  shall  not  find  it  necessary  to  treat  more  fully  of  the  cavity  of  the  tympanum  the 
mastoid  cells,  or  the  Eustachian  tube,  except  as  regards  certain  pomts  /l;^"- ^^^^^ 
The  minute  anatomy  of  the  membrana  tympani  and  the  articulations  o  the  oss  cles  can 
be  more  conveniently  considered  in  connection  with  the  physiology  ot  these  parts. 

General  Arrange^nent  of  the  Bony  Z«&,ri«.A.-The  internal  ^^^^^^ 
apparatus  is  contained  in  the  petrous  portion  of  the  temporal  bon  .  It  consis  s  of  an 
in-esular  cavity  called  the  vestibule,  the  three  semicircular  canals  (13,  14,  15,  Fig  258) 
;X"c::hJa'(16,  Eig.  258).  The  general  a-ng-ent  of  these  parts^ 
relations  to  the  adjacent  structures  are  shown  m  Fig.  258.  Fig.  261,  snowmg  oo  j 
:?y  mth  Llated,  is  taken  from  the  beautiful  photograph  ^ 

The  vestibule  is  the  central  chamber  of  the  labyrinth,  comniumcatmg  with  ^^-^^^-V^l^ 
.avity  hy  the  fenestra  ovalis,  which  is  closed  in  tlie  n^^^^^^^^^ 

This  is  the  central,  ovoid  opemng  shown  m  Fig  261.    The  '   '  ^.^rous  small 

presents  a  small,  round  depression  (the  fovea  ^^^--P^^^^^f /^^tet  \ 
foramina,  through  which  pass  -vous  filaments  from   h^n^^^^^^^^  "  te  posterior 
Behind  this  depression,  is  the  opemng  of  the  aqueduct  of  the  ^^^^I'^^'le-  1 
wall  of  the  vestibule,  are  five  small,  round  opemngs  leading  to  the  semicnoulai 
with  a  larger  opening  below,  leading  to  the  cochlea. 

The  general  arrangement  of  the  semicircular  canals  is  sho^^  n  m  F...  -Oi  (i , 

™gement  of  the  cochlea  (the  anterior  division  of  the  hd.yrinth)  is  shown  in 
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Fi-  "6l-(l  3  4).  This  is  a  spiral  canal,  about  an  inch  and  a  half  long,  and  one-tenth  ot 
•vn  inch  wide  at  its  commenceuiont,  gradually  tapering  to  the  apex,  and  making,  m  its 
course  two  and  a  half  turns.  Its  interior  presents  a  central  pillar,  around  wliich  winds 
a  spiral  lamina  of  bone.  The  fenestra  rotunda  (2,  Fig.  2G1),  closed  in  the  natural  state 
by  a  membrane  (the  secondary  meinbrana  tympani),  lies  between  the  lower  portion  ot  the 
cochlea  and  the  cavity  of  the  tympanum.  • 


Fig.  mi.— The  left  bony  labyrinth  of  a  new-born  cJMd,  forward  and  outward  view.    From  a  iihotograph. 

(Eudinger.) 

]  the  wide  canal,  the  beginning  of  the  spiral  canal  of  the  cochlea;  2,  the  fenestra  rotunda:  3  the  second  turn  of  the 
cochlea;  4,  the  final  half-turn  of  the  cochlea;  5,  the  border  of  the  bony  wa  1  of  the  vestibiHe  situated  between  the 
cochlea  and  the  semicircular  canals :  6,  the  superior,  or  sagittal  semicircular  canal ;  7,  the  poi  tion  tf  «  ™P/;™^ 
semicircular  canal  bent  outward;  8,  the  posterior,  or  transverse  semicircular  canal;  9,  P"'"''™,  °i  t^";  P°?'fJ^^ 
connected  ^^ith  the  superior  semicircular  canal;  10.  point  of  junction  of  the  superior  and  the  Tiofenovsomicv^^^^ 
Inr  canal;  11,  the  ampulla  ossea  externa;  12,  the  horizontal,  or  external  semicircular  canal.  The  explanation  ol 
this  Figure  has  been  modified  and  condensed  from  Eiidinger. 


What  is  called  the  membranous  labyrinth  is  contained  within  the  bony  parts  just 
described.  Its  structure,  and  the  ultimate  distribution  and  connections  of  the  auditory 
nerve,  which  penetrates  by  the  internal  auditory  meatus,  involve  some  of  the  most  intri- 
cate and  difficult  points  in  the  whole  range  of  minute  anatomy.  Some  of  these  have 
direct  and  important  relations  to  the  physiology  of  hearing,  while  many  are  of  purely 
anatomical  interest.  Such  facts  as  bear  directly  npon  physiology  will  be  considered  fully 
in  connection  with  the  functions  of  the  internal  ear. 


Physics  of  Soitnd. 

The  sketch  that  we  have  given  of  the  general  anatomical  arrangement  of  the  auditory 
apparatus  conveys  an  idea  of  the  uses  of  the  different  parts  of  the  ear.  The  waves  of 
sound  must  be  transmitted  to  the  terminal  extremities  of  the  auditory  nerve  in  the 
labyrinth.  These  waves  are  collected  by  the  pinna,  are  conducted  to  the  raembrana 
tympani  through  the  external  auditory  meatus,  produce  vibrations  of  the  membrana 
tympani,  are  conducted  by  the  chain  of  ossicles  to  the  openings  in  the  labyrinth,  and 
are  communicated  througli  the  fluids  of  the  labyrinth  to  the  ultimate  nervous  filaments. 
The  free  passage  of  air  through  the  external  meatus  and  the  communications  of  the  cavity 
of  the  tympanum  witli  the  mastoid  cells,  and,  by  the  Eustachian  tube,  with  the  pharynx, 
arc  necessary  to  the  jiropcr  vibration  of  the  membrana  tympani ;  the  integrity  of  the 
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ossicles  and  of  their  ligaments  and  mnscles  is  essential  to  the  proper  conduction  of  sonnd 
to  the  labyriiitii ;  the  presence  of  iiciuid  in  the  labyrinth  is  a  condition  essential  to  ilic 
conduction  of  tlie  waves  to  the  filaments  of  distribution  of  the  auditory  nerves ;  and, 
hnally,  from  the  labyrinth,  the  nerves  pass  through  the  internal  auditory  meatus  to  tlio 
brain,  whore  the  auditory  impressions  are  appreciated. 

Most  of  the  points  in  acoustics  which  arc  essential  to  the  comprehension  of  the  physi- 
ology of  audition  are  definitely  settled.  The  theories  of  the  propagation  of  sound  involve 
wave-action,  concerning  which  there  is  no  dispute  among  physicists.  For  the  conduc- 
tion of  sound,  a  ponderable  medium  is  essential ;  and  it  is  not  necessary,  as  in  the  case 
of  the  undulatory  theory  of  light,  to  assume  the  existence  of  an  imponderable  ether. 
The  human  ear,  although  perhaps  not  so  acute  as  the  auditory  apparatus  of  some  of  the 
inferior  animals,  not  only  appreciates  irregular  waves,  such  as  produce  noise  as  distin- 
guished from  sounds  called  musical,  but  is  capable  of  distinguishing  regular  waves,  as  in 
simple  musical  sounds,  and  harmonious  combinations. 

In  music,  certain  successions  of  regular  sounds  are  agreeable  to  the  ear  and  constitute 
wliat  we  call  melody.  Again,  we  are  able  to  appreciate,  not  only  the  intensity  of  sounds, 
both  noisy  and  musical,  but  we  recognize  pitch  and  dift'ei-ent  qualities,  particularly  in 
music.  Still  farther,  we  find  that  musical  notes  may  be  resolved  into  certain  invai-iable 
component  parts,  such  as  the  octave,  the  third,  fifth,  etc.  Tliese  components  of  what 
are  usually  supposed  to  be  simple  sounds — which  may  be  isolated  by  artificial  means,  to 
be  described  farther  on — are  called  tones ;  while  the  sounds  themselves,  produced  by  the 
union  of  the  different  tones,  are  called  notes,  whicli  may  themselves  be  combined  to  form 
chords. 

The  quality  of  musical  sounds  may  be  modified  by  the  simultaneous  production  of 
others  which  correspond  to  certain  of  the  components  of  the  predominating  note.  For 
example,  if  we  add  to  a  single  note,  the  third,  fifth,  and  octave,  we  produce  a  major 
chord,  the  sound  of  which  is  very  different  from  that  of  a  single  note  or  of  a  note  with 
its  octave.  If  we  diminish  the  third  by  a  semitone,  we  have  a  different  quality,  which 
is  peculiar  to  minor  chords.  In  this  way,  we  can  form  an  immense  variety  of  musical 
sounds  upon  a  single  instrument,  as  the  piano.  And  still  farther,  by  the  harmonious 
combinations  of  the  notes  of  different  instruments  and  of  different  registers  of  the 
human  voice,  as  in  grand  choral  and  orchestral  compositions,  shades  of  effect,  almost 
innumerable,  may  be  produced.  The  modification  of  tones  in  this  way  constitutes  har- 
mony ;  and  an  educated  ear,  not  only  experiences  pleasure  from  these  musical  combina- 
tions, but  can  distinguish  their  different  component  parts. 

A  chord  may  convey  to  the  ear  the  sensation  of  completeness  in  itself  or  it  may  lead 
to  a  succession  of  notes  before  this  sense  of  completeness  is  attained.  Different  chords 
of  the  same  key  may  be  made  to  follow  each  other,  or  we  may,  by  transition-notes,  pass 
to  the  chords  of  other  keys.  Each  key  has  its  fundamental  note,  and  the  transition  from 
one  key  to  another,  in  order  to  be  agreeable  to  the  ear,  must  be  made  in  certain  well- 
defined  and  invariable  ways.  These  regular  transitions  constitute  modulation.  The  ear 
becomes  fatigued  by  long  successions  of  notes  always  in  one  key,  and  modulation  is  essen- 
tial to  the  enjoyment  of  elaborate  musical  compositions  ;  otherwise,  the  notes  would  not 
only  become  monotonous,  but  their  correct  appreciation  would  be  im])aired,  as  the  ap- 
preciation of  colors  becomes  less  distinct  after  looking  for  a  long  time  at  an  object  pre- 
senting a  sinffle  vivid  tint. 


Laws  of  Sonorous  Vibrations. 
As  we  have  already  remarked,  sound  is  produced  by  vibrations  in  a  ponderable  me- 
dium. The  sounds  ordinarily  heard  are  transmitted  to  the  ear  by  means  of  vibrations 
of  the  atmosphere.  A  simple  and  very  common  illustration  of  this  fact  is  afforded  by 
the  experiment  of  striking  a  bell  carefully  arranged  in  vacuo.  Although  the  stroke  and 
the  vibration  can  readily  be  seen,  there  is  no  sound  ;  and,  if  air  be  gradually  introduced. 
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the  sound  will  become  appreciable  and  progressively  more  intense  as  the  surrounding 
iiiediuiu  is  increased  in  density. 

If  we  produce  a  single  sound,  or  sbock,  in  a  free  atmosphere,  we  may  suppose  tliat 
the  waves  are  transmitted  equally  in  every  direction ;  and  this  is  accomplished  in  the 
following  manner :  An  imaginary  sphere  of  air  receives  an  impulse,  or  shock,  from  the 
body  which  produces  the  sound.  This  shock  is,  in  its  turn,  connnunicated  to  another 
spherical  stratum  of  air ;  this,  to  a  third,  and  so  on.  The  elasticity  of  the  air,  however, 
produces  a  recoil  of  each  imaginary  sphere  of  air,  and  it  is  a  portion  of  the  last  stratum 
which  strikes  the  tympanum,  throwing  it  into  vibration.  If  but  a  single  ira])ulse  be 
given  to  the  air,  we  may  suppose  that  all  of  the  dilferent  strata,  after  a  single  oscillation, 
return  to  their  original  quiescent  condition.  The  first  stratum  receives  the  shock,  and 
tlie  last  communicates  the  shook  to  the  ear.  The  oscillations  of  sound,  produced  in  this 
way,  are  to  and  fro  in  the  direction  of  the  line  of  conduction  and  are  said  to  be  longi- 
tudinal. In  tlie  undulatory  theory  of  light,  the  vibrations  are  supposed  to  be  at  right 
angles  to  the  line  of  propagation,  or  transversal.  A  complete  oscillation  to  and  fro  is 
called  a  sound-wave. 

It  is  evident  that  vibrating  bodies  may  be  made  to  perform  and  impart  to  the  atmos- 
phere oscillations  of  greater  or  less  amplitude.  The  intensity  of  the  sound  is  in  propor- 
tion to  the  amplitude  of  the  vibrations.  If  we  cause  a  tuning-fork  to  vibrate,  the  sound 
is  at  first  loud,  or  intense ;  but  the  amplitude  gradually  diminishes,  and  the  sound  dies 
away  until  it  is  lost.  In  a  vibrating  body  capable  of  producing  a  definite  number  of 
waves  of  sound  in  a  second,  it  is  evident  that,  the  greater  the  amplitude  of  the  wave,  the 
greater  is  the  velocity  of  the  particles  thrown  into  vibration.  It  has  been  ascertained  by 
experiment,  that  there  is  an  invariable  mathematical  relation  between  the  intensity  of 
sound,  the  velocity  of  the  conducting  particles,  and  the  amplitude  of  the  waves ;  and 
this  is  expressed  by  the  formula,  that  the  intensity  is  proportional  to  the  square  of  the 
amplitude.  It  is  evident,  also,  that  the  intensity  of  sound  is  diminished  by  distance,  as 
the  amplitude  of  the  waves  and  the  velocity  of  the  vibrating  particles  become  weaker, 
the  farther  we  are  removed  from  the  sonorous  body.  The  sound,  as  the  waves  recede 
from  the  sonorous  body,  becomes  distributed  over  an  increased  area.  The  ])ropagation 
of  sound  has  been  reduced  also  to  the  formula,  that  the  intensity  diminishes  in  propor- 
tion to  the  square  of  the  distance. 

Sonorous  vibrations  are  subject  to  many  of  the  laws  of  reflection  which  we  have 
studied  in  coimection  with  light.  Sound  may  be  absorbed  by  soft  and  non-vibrating 
surfaces,  in  the  same  way  that  certain  surfaces  absoi-b  the  rays  of  light.  It  is  in  this  way 
tiiat  we  explain  the  deadening  of  sound  in  apartments  furnished  with  carpets,  curtains, 
etc.,  and  its  reflection  from  smooth,  hard  surfaces.  By  carefully-arranged  convex  sur- 
faces, the  waves  of  sound  may  be  readily  collected  to  a  focus.  These  laws  of  the  reflec- 
tion of  sonorous  waves  explain  echoes  and  the  conduction  of  sound  by  confined  strata  of 
air,  as  in  tubes.  We  thus  explain  the  mechanism  of  speaking-trumpets,  the  collection  of 
the  waves  by  the  pavilion  of  the  ear,  and  their  transmission  to  the  tympanum  by  the 
external  auditory  meatus.  To  make  the  parallel  between  sonorous  and  luminous  trans- 
mission more  complete,  it  has  been  ascertained  that  the  waves  of  sound  may  be  refracted 
to  a  focus  by  being  made  to  pass  through  an  acoustic  lens,  as  a  balloon  filled  with  car- 
bonic-acid gas.  The  waves  of  sound  may  also  be  deflected  around  solid  bodies,  when 
they  produce  what  have  been  called  by  TyndaU,  shadow,s  of  sound. 

Any  one  observing  the  sound  produced  by  the  blow  of  an  axe  can  note  the  important 
fact  that  sound  is  transmitted  with  much  less  i-apidity  than  light.  At  a  short  distance, 
our  view  of  the  body  is  practically  instantaneous ;  but  there  is  a  considerable  interval 
between  the  blow  and  the  sound.  This  interval  represents  the  velocity  of  the  sonorous 
conduction.  This  fact  is  also  illustrated  by  the  interval  between  a  flash  of  liglitning  and 
the  sound  of  thunder.  The  velocity  of  sound  depends  upon  the  density  and  elasticity  of 
the  conducting  medium.    The  rate  of  conduction  of  sound  by  atmospheric  air  at  the 
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freozing-i)oint  of  water  is  about  1,090  feet  per  second.  This  rate  j.resents  comparatively 
sllglvt  variations  for  tlio  different  gases,  but  it  is  very  niucli  more  rapid  in  li<inids  and  in 
solids.  In  ordinary  water,  it  is  4,708  feet  per  second ;  in  iron  or  steel  wn-e,  about  10,000 
foot;  and  in  most  woods,  in  the  direction  ofthe  libre,  about  the  same. 

Nom  and  Musical  ,S'o«ncZ«.-Tlicrc  is  a  well-defined  physical  as  well  as  an  ajstbetic 
distinction  between  noise  and  music.  Taking,  as  examples,  single  sounds,  a  sound  be- 
comes noise  when  the  air  is  thrown  into  confused  and  irregular  vibrations.  A  noise  may 
be  composed  of  a  few  musical  sounds,  when  these  are  not  in  accord  with  each  other,  and 
sounds  called  musical  are  not  always  entirely  free  from  discordant  vibrations,  as  we  shall 
see  in  .studying  luusical  sounds,  properly  so  called.  A  noise  possesses  intensity,  varying 
with  the  amplitude  ofthe  vibrations,  and  it  may  bave  different  qualities,  depending  upon 
the  form  of  its  vibrations.  We  may  call  a  noise  dull,  sbarp,  ringing,  metallic,  hollow, 
etc  thus  expressing  qualities  that  are  readily  imderstood.  In  percussion  of  the  chest,, 
the 'resonance  is  called  vesicular,  tympanitic,  etc.,  distinctions  in  quality  that  are  quite 
important.  A  noise  may  also  be  called  sharp  or  low  in  pitch,  as  the  rapid  or  slow  vibra- 
tions predominate,  without  answering  the  requirements  of  musical  sounds.  These  expla- 
nations with  the  definition  that  a  noise  is  a  sound  that  is  not  musical,  will  be  better 
understood  after  we  have  described  some  of  the  characters  of  musical  vibrations. 

A  pure  and  simple  musical  sound  consists  of  \abration8  following  each  other  at  regular 
intervals,  provided  that  the  succession  of  waves  be  not  too  slow  or  too  rapid.  A\  hen  the 
vibrations  are  too  slow,  we  have  an  appreciable  succession  of  impulses,  and  the  sound  is 
not  musical.  When  they  are  too  rapid,  we  recognize  that  the  sound  is  excessively  sharp, 
but  it  is  then  pamfully  acute  and  has  no  pitch  that  can  be  accurately  determined  by  the 
auditory  apparatus.  Such  sounds  may  be  occasionally  employed  in  musical  compositions, 
but,  in  themselves,  they  are  not  strictly  musical.  i„.„,:„„ 
in  musical  sounds,  we  recognize  duration,  intensity,  pitch,  and  quality.  The  duration 
depends  simply  upon  the  length  of  time  during  which  the  vibrating  body  tlnwn  in  o 
ac  ion.  The  intensity  depends,  as  we  have  already  stated,  upon  the  amphtude  of  he 
vibrations,  and  it  has  no  ration  whatsoever  to  pitch.  Pitch  depends  ->^f  "^b;^)^^^^^^^^^^ 
rapidity  of  the  regular  vibrations,  and  quality,  upon  the  combinations  of  diffeient  ton  s 
in  harmony,  the  character  of  the  harmonics  of  fundamental  tones,  and  the  form  of  the 
vibrations. 

Pitch  of  Musiccd  Sounch.-ln  discussing  the  pitch  of  musical  sounds  we  shall  leave 
out  o  the  question,  for  the  present,  the  harmonics,  which  exist  m  nearly  all  musical  note 
and  -lifect  their  quality,  and  confine  ourselves  to  the  study  ol  simple  vibrations.  Such 
Lneste  llZ  of  grea^  organ-pipes,  which  are  deficient  in  harmonics  and  in  overtones, 

^^"ren^^^^^  of  vibrations.    A  musical  sound  may  be  of  greater  or 

less^ntS  ;  it  ™ay  at  first  be  quite  loud  and  gradually  die  -ay;  but  ttie^^^^^^^^^^ 
vibrations      a  definite  tone  is  invariable,  be  t  weak  or  powerful  T^-^P 
conduction  of  soxmd  does  not  vary  with  its  intensity  or  pitch  '^^'i' ^  .^^^ 
combination  of  the  sounds  of  different  instruments,  be  they  high  or  ow  m  V^^^^^^ 
nr  fPPble  it  is  always  the  same  in  the  same  conducting  raedmm.    Distmct  musical  note. 
If  ptnt      rmmense  variety  of  qualities,  but  all  tones  of  t.e  s^e^^^^^^^  have  abso 
lutely  equal  rates  of  vibration.    Tones  equal  in  pitch  are  said  to  be  in  ~-  J^^^  ^  ; 
though  simple,  has  a  most  important  physiological  bearing.  _  \''^^f'''J^i:Z'Lx 
catec!  ear  ca'n,  'without  difficulty,  distinguish  shg^^^^  ^Zl^^^ 
tones.    Again,  wo  ascertain  by  experiment  tl'^'V  rff'vp  Hndividuah  With- 

restricted  within  well-defined  limits,  which  vary  slightly  in  ^'^^^f      '  ^^^^^ 
out  citing  all  of  the  numerous  observations  ^  ^^^^^  ^  le^tim^ 

whose  authority  is  the  very  highest,  gives,  as  the  lange  oi 
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emploved  in  music,  tliose  of  from  40  to  4,000  vibrations  iti  :i  second,  cnibrucmg  about 
seven 'octaves  In  an  orchestra,  the  double  bass  gives  the  lowest  note,  which  has  40-25 
vibrations  in  a  second,  and  the  highest  note,  given  by  the  small  flute,  has  4,752  vibrations. 
In  o-rand  organs,  there  is  a  pine  which  gives  a  note  of  16-5  vibrations,  and  the  deepest 
note  of  modern  pianos  has  27-5  vibrations ;  but  dehcate  shades  of  pitch  in  these  low  notes 
are  not  appreciable  to  most  persons.  Sounds  above  tlie  limits  just  indicated  are  painfully 
sharp  and  their  pitch  cannot  be  exactly  appreciated  by  the  ear.  The  physiological  inter- 
est connected  with  these  facts  is,  that  the  limits  of  the  appreciation  of  musical  sounds  are 
probably  due  to  the  anatomical  arrangement  of  the  auditory  apparatus,  as  we  have  a 
limit  to  the  acnteness  of  vision,  which  can  be  explained  by  the  structure  of  the  eye.  This 
fact  is  the  basis  of  the  accepted  theories  of  the  appreciation  of  musical  sounds. 

Musical  Scale.— have  thus  far  considered  musical  sounds,  without  any  reference 
to  the  relations  of  different  notes  to  each  other.  A  knowledge  of  these  relations  lies  at 
the  foundation  of  the  science  of  music ;  and,  without  a  clear  idea  of  certain  of  the  funda- 
mental laws  of  music,  we  cannot  thoroughly  comprehend  the  mechanism  of  audition. 

It  requires  very  little  cultivation  of  the  ear  to  enable  us  to  comprehend  the  fact,  that 
the  successions  and  combinations  of  tones  must  obey  certain  fixed  laws;  and,  long  before 
these  laws  were  the  subject  of  mathematical  demonstration,  the  relations  of  the  different 
notes  of  the  scale  were  established,  merely  because  certain  successions  and  combinations 
were  agreeable  to  the  ear,  while  others  were  discordant  and  apparently  unnatural.  Now 
that  Ave  are  pretty  thoroughly  acquainted  with  the  laws  of  vibrations,  we  can  study  the 
scale  from  a  scientific,  as  well  as  from  an  aesthetic  point  of  view. 

The  most  convenient  notes  for  our  study  are  those  produced  by  vibrating  strings,  and 
the  phenomena  here  observed  are  essentially  the  same  for  all  musical  sounds;  for  it  is 
by  means  of  vibrations  communicated  to  the  air  tliat  the  waves  of  sound  find  their 
way  to  the  auditory  apparatus.  Let  ns  take,  to  begin  with,  a  string  vibrating  24 
times  in  a  second.  If  this  string  he  divided  into  two  equal  parts,  each  part  will  vibrate 
48  times  in  a  second.  The  note  thus  produced  is  the  octave,  or  the  8th  of  the  primary 
note,  called  the  8th,  because  the  natural  scale,  as  we  shall  see,  contains  eight  notes,  of 
which  the  first  is  the  lowest  and  the  last,  the  highest.  "We  may  divide  the  half  again, 
producing  a  second  octave,  and  so  on,  within  the  limits  of  our  appreciation  of  musical 
sounds.  If  we  divide  the  string  so  that  f  of  its  length  will  vibrate,  we  have  36  vibrations 
in  a  second,  and  this  note  is  the  5th  in  the  scale.  If  we  divide  the  string  again,  so  as  to 
leave  |  of  its  length,  we  have  30  vibrations,  which  gives  the  3d  note  in  the  scale.  These 
are  the  most  natural  subdivisions  of  the  note;  and  the  1st,  3d,  5th,  and  8th,  when  sound- 
ed together,  make  what  is  known  as  the  common  major  chord.  Three-fourths  of  the 
length  of  the  original  string  makes  32  vibrations,  and  gives  the  4th  note  in  the  scale.  If 
we  take  f  of  the  string,  we  have  27  vibrations,  and  the  note  is  the  2d  in  the  scale.  With 
f  of  the  string,  we  have  40  vibrations  in  a  second,  or  the  6th  note  in  the  scale.  With  -f-^ 
of  the  string,  we  have  45  vibrations  in  a  second,  or  the  7th  note  in  the  scale. 

It  will  be  observed  that  we  have  started  with  a  note,  which  we  may  call  0.  This  is 
the  key-note,  or  the  tonic.  In  this  scale,  which  is  called  the  natural,  or  diatonic  key,  we 
have  a  regular  mathematical  progression  from  the  1st  to  the  8th.  This  is  called  the 
major  key  of  C.  Melody  consists  in  an  agreeable  succession  of  notes,  which  we  may 
assume,  for  sake  of  simplicity,  to  be  pure.  Wo  canrwt,  in  a  simple  melody,  sound  any 
note  but  one  of  those  in  the  scale.  When  a  different  note  is  sounded,  we  pass  into  a  key 
which  has  a  different  fundamental  note,  or  tonic,  with  a  different  succession  of  3ds,  5ths, 
etc.  Every  key,  therefore,  has  its  1st,  3d,  5th,  and  8th,  as  well  as  the  intermediate 
notes.  If  we  substitute  for  the  3d  a  note  formed  by  a  string  |  the  length  of  the  tonic 
instead  of  -J,  we  have  the  key  converted  into  the  minor.  The  minor  chord,  consisting  of  the 
1st,  the  diminished  3d,  the  5th,  and  the  8th,  is  perfectly  harmonious,  but  it  has  a  quality 
quite  different  from  that  of  tlic  major  chord.    The  notes  of  a  melody  may  progress  in  the 


828 


SPECIAL  SENSES. 


minor  key  as  well  as  in  the  nuyor.    Taking  the  small  numbers  of  vibrations  merely  loi- 
convenience,  the  following  is  the  mode  of  progression  in  the  natural  scale  of  0  major: 

2(1.      !M.      -nil.      ."ith       (ilh.      7Ui.  8tL. 

Koto   ^'      !>      J''      1'"       G       A       n  C 

Lengths  of  the  string   1       5       i       'i        'i        i       -'n  h 

Number  of  vibrations   124      21      30     82       3G       4(1       45  48 

The  intervals  between  the  notes  of  the  scale,  it  is  seen,  are  not  equal.  The  smullest, 
between  the  3d  and  4th  and  the  Yth  and  8th,  are  called  semitones.  The  other  intervals 
are  either  full  perfect  tones  or  small  perfect  tones.  Although  there  are  semitones,  not 
belonging  to  the  key  of  0,  between  0  and  D,  D  and  E,  F  and  G,  G  and  A,  and  A  and 
B,  these  intervals  are  not  all  composed  of  exactly  the  same  number  of  vibrations ;  so 
that,  taking  the  notes  on  a  piano,  if  we  have  D  as  the  tonic,  its  5th  would  be  A.  We 
assume  that  D  has  27  vibrations,  and  A,  40,  giving  a  difference  of  13.  AVith  C  as  the 
tonic  and  G  as  the  5th,  we  have  a  difference  of  12.  It  is  on  account  of  these  differences 
in  the  intervals,  that  each  key  in  music  has  a  peculiar  and  an  individual  character. 

In  tuning  a  piano,  which  is  the  single  instrument  most  commonly  u.sed  for  accompani- 
ment and  the  general  interpretation  of  musical  compositions,  the  ordinary  method  is  by 
the  5ths.  We  bring  the  5th  of  0  in  exact  accord  with  the  tonic ;  then  the  5th  of  D  ; 
then  the  5th  of  E,  and  finally  the  5th  of  F.  The  5th  of  F  should  be  the  octave  of  C, 
but,  by  progressing  in  this  way,  the  last  note  (0)  is  too  sliarp  and  is  not  the  octave  of 
the  lower  0.  If  this  progression  were  continued  higher  and  higher,  the  octaves  would 
become  more  and  more  out  of  tune ;  and,  to  avoid  this,  the  octaves  are  made  perfect  and 
the  5ths  and  3ds  are  tuned  down,  so  that  the  inequality  is  distributed  throughout  the 
scale.  This  is  called  tempering  the  scale,  and,  with  this  "  temperament,"  the  notes  are 
not  exactly  true ;  still,  musicians  are  accustomed  to  this,  and  they  fail  to  recognize  the 
mathematical  defect. 

Even  in  melody,  and  still  more  in  harmony,  in  long  compositions,  the  ear  becomes 
fatigued  by  a  single  key,  and  it  is  necessary,  in  order  to  produce  the  most  pleasing  effects, 
to  change  the  tonic,  by  what  is  caUed  modulation,  returning  afterward  to  the  original  key. 

Quality  of  Musical  Sounds.-By  appropriate  means,  we  can  analyze  or  decompose 
white  light  into  prismatic  colors;  and,  in  the  same  way,  nearly  all  musical  sounds,  which 
seem  at  first  to  be  simple,  can  be  resolved  into  certain  well-defined  constituents.  Ihere 
are  few  absolutely  simple  sounds  used  in  music.  We  may  take  an  example,  however,  in 
the  notes  of  great  stopped-pipes  in  the  organ.  These  are  simple,  but  are  of  an  unsatis- 
factory quality  and  wanting  in  richness.  Almost  all  other  musical  sounds,  however 
have  a  fundamental  tone,  which  we  recognize  at  once;  but  this  tone  is  accompanied 
by  harmonics  caused  by  secondary  vibrations  of  subdivisions  of  the  sonorous  body. 
The  number  pitch,  and  intensity  of  these  harmonic,  or  aliquot  vibrations  affect  what 
is  called  the  quality,  or  timbre  of  musical  notes,  by  modifying  the  form  of  the  sonorous 
waves  This  fact,  which  we  shall  discuss  more  elaborately  farther  on,  requires  little 
argument  for  its  support.  If  we  suppose  a  string  vibrating  a  certain  number  of  times  in 
a  second,  the  vibrations  being  perfectly  shnple,  we  should  have,  according  to  the  laws 
of  vibrating  bodies,  a  simple  musical  tone;  hut,  if  we  suppose  that  the  string  subdivides 
itself  into  different  segments,  one  of  which  gives  the  3d,  another,  the  5th,  and  so  on  of  the 
fundamental  tone,  it  is  evident  that  the  form  of  the  vibrations  must  he  considerably 
modified.  This  is  the  fact ;  and,  with  these  modifications  in  form,  the  quality,  or  timln  c 
of  the  note  is  changed.  We  can  illustrate  this  roughly  on  the  piano.  If  we  stnke  tlie 
note  0,  we  have  a  certain  quality  of  sound.  We  may  assume,  for  sake  of  argument, 
that  this  is  a  simple  tone,  although  in  reality  it  is  complex.  We  now  strike  simultaneously 
the  fundamental  note,  its  8d,  5th,  and  8th,  making  the  common  chord  of  0  mi\)or.  Iht 
predominant  note  is  still  0,  but  the  addition  of  the  harmonious  notes  modifies  its  .lunhty. 
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If  wo  dimiuish  the  third  by  ii  semitone,  we  still  liavo  (J  for  the  predominant  note,  but 
the  quality  of  the  chord  is  changed  to  the  minor.  In  this  rough  illustration,  the  ear  can 
readily  detect  the  harmonious  tones;  but,  in  the  note  of  a  single  string,  this  cannot  be 
done  without  practice  and  close  attention.  Still,  in  the  notes  of  single  strings,  the  ear 
can  distinguish  the  harmonics ;  and,  what  is  more  satisfactory,  the  existence  of  harmon- 
ics can  be  actually  demonstrated  in  various  ways. 

From  what  we  have  just  stated,  it  follows  that  nearly  all  musical  tones  consist,  not 
only  of  a  fundamental  sound,  but  of  harmonic  vibrations,  subordinate  to  the  fundamental 
and  qualifying  it  in  a  particular  way.  These  harmonics  may  be  feeble  or  intense  ;  cer- 
tain of  thorn  may  predominate  over  others ;  some,  that  are  usually  present,  may  be 
ehminated  ;  and,  in  short,  there  may  be  a  great  diversity  in  their  arrangement,  and  thus 
the  timbre  may  present  an  infinite  variety.  This  is  one  of  the  elements  entering  into  the 
composition  of  notes,  and  it  affords  a  partial  explanation  of  quality. 

Another  element  in  the  quality  of  notes  depends  upon  their  reenforcement  by  reso- 
nance. The  vibrations  of  a  stretched  string,  not  connected  with  a  resonant  body,  are 
almost  inaudible.  In  musical  instruments,  we  have  the  sound  taken  up  by  some  mechani- 
cal arrangement,  as  the  sound-board  of  the  organ,  piano,  violin,  harp,  guitar,  etc.  In 
the  violin,  for  example,  the  sweetness  of  the  tone  depends  chiefly  upon  the  construction 
of  the  resonant  part  of  the  instrument,  and  but  little  upon  the  strings  themselves,  which 
are  frequently  changed.  The  same  is  true  of  the  human  voice,  of  wind-instruments,  etc. ; 
but  we  could  not  discuss  these  points  elaborately,  without  giving  a  full  description  of  the 
various  musical  instruments  in  common  use,  which  would  be  out  of  place  in  a  work  upon 
physiology. 

In  addition  to  the  harmonic  tones  of  sonorous  bodies,  various  discordant  sounds  are 
generally  present,  which  modify  the  timbre,  producing,  usually,  a  certain  roughness, 
such  as  the  grating  of  a  violin-bow,  the  friction  of  the  columns  of  air  against  the  angles 
in  wind-instruments,  etc.  All  of  these  conditions  have  their  effect  upon  the  quality  of 
tones ;  and  these  discordant  sounds  may  exist  in  infinite  number  and  variety.  These 
sounds  are  composed  of  irregular  vibrations  and  are  consequently  inharmonious.  Nearly 
all  notes  that  we  speak  of  in  general  terms  as  musical  are  composed  of  musical,  or  har- 
monic ahquot  tones  with  the  discordant  elements  to  which  we  just  alluded. 

Aside  from  the  relations  of  the  various  component  parts  of  musical  notes,  the  quality 
depends  largely  upon  the  form  of  the  vibrations.  To  quote  the  words  of  Helmholtz,  "  the 
more  uniformly  rounded  the  form  of  the  wave,  the  softer  and  milder  is  the  quality  of  the 
sound.  The  more  jerking  and  angular  the  wave-form,  the  more  piercing  the  quahty. 
Tuning-forks,  with  their  rounded  forms  of  wave,  have  an  extraordinarily  soft  quality ; 
and  the  qualities  of  sound  generated  by  the  zither  and  violin  resemble  in  harshness  the 
angularity  of  their  wave-forms." 

Harmonics,  or  Overtones. — As  we  have  stated  in  the  foregoing  discussion,  nearly  all 
sounds  are  composite,  but  some  contain  many  more  aliquot,  or  secondary  vibrations  than 
others.  The  notes  of  vibrating  strings  are  peculiarly  rich  in  harmonics,  and  these  may 
be  used  for  illustration,  remembering  that  the  phenomena  here  observed  have  their  analo- 
gies in  nearly  all  varieties  of  musical  sounds.  If  a  stretched  string  be  made  to  vibrate, 
the  secondary  tones,  which  qualify,  as  it  were,  the  fundamental,  are  called  harmonics,  or, 
in  German,  overtones,  a  term  which  is  now  much  used  by  English  writers. 

While  it  is  difficult  at  all  times  to  distinguish  by  the  car  the  individual  overtones  of 
vibrating  strings,  their  existence  can  be  demonstrated  by  a  few  simple  experiments.  Let 
us  suppose,  for  example,  that  we  have  a  string,  the  fundamental  tone  of  which  is  0.  ■  We 
damj)  this  string  with  a  feather  at  one-fourth  of  its  length  and  draw  a  violin-bow  across 
the  smaller  section.  We  then  sound,  not  only  the  fourth  part  of  the  string  across  which 
the  bow  is  drawn,  but  the  remaining  three-fourths;  but,  if  we  have  placed  little  riders  of 
paper  upon  the  longer  segment,  at  distances  equal  to  one-fourth  the  entire  string,  they 


830 


SPECIAL  SENSES. 


will  remain  imdistiirbed,  wliilo  riders  placed  at  any  other  portion  of  tlie  string  will  be 
tlii-own  off.  Tills  experiment  bIiows  that  the  tliree-foiirths  of  the  string  have  been  di- 
vided, as  wo  have  sounded  the  second  octave  above  the  fundamental  tone.  This  may  be 
illustrated  l)y  connecting  one  end  of  the  string  with  a  tuning-fork.  When  this  is  done, 
and  the  string  is  brought  to  the  proper  degree  of  tension,  it  will  first  vibrate  as  a  whole, 
then,  when  a  little  tighter,  will  spontaneously  divide  into  two  equal  pal-ts,  and,  under 
increased  tension,  into  three,  four,  and  so  on.  By  damping  a  string  with  the  light  toucii 
of  a  feather,  we  suppress  the  fundamental  tone  and  bring  out  the  overtones,  which  exist 
in  all  vibrating  strings,  but  are  usually  concealed  by  the  fundamental.  Tlie  points  which 
mark  the  subdivisions  of  the  string  into  segments  of  secondary  vibrations  are  called 
nodes.  When  we  damp  the  string  at  its  centre,  we  quench  the  fundamental  tone  and 
have  overtones  an  octave  above;  damping  it  at  a  distance  of  one-fourth,  we  have  the 
second  octave  above,  and  so  on.  When  we  damp  it  at  a  distance  of  one-fifth  from  the 
end,  we  have  the  four-fifths  sounding  the  3d  of  the  fundamental,  with  the  second  octave 
of  the  3d.  If  we  damp  it  at  a  distance  of  two-thirds,  we  have  the  5th  of  the  fundamen- 
tal, with  the  octave  of  the  5th. 

Every  vibrating  string  possesses,  thus,  a  fundamental  tone  and  overtones.  We  have, 
qualifying  the  fundamental,-  first,  as  the  most  simple,  a  series  of  octaves ;  next,  a  series 
of  5ths  of  the  fundamental  and  their  octaves ;  and  next,  a  series  of  3ds.  These  are  the 
most  powerful  overtones,  and  they  form  the  common  chord  of  the  fundamental ;  but  they 
are  so  far  concealed  by  the  greater  intensity  of  the  fundamental,  that  they  cannot  be  easily 
distinguished  by  the  unaided  ear,  unless  the  fundamental  be  quenched  in  some  such  way 
as  we  have  indicated.  In  the  same  way,  the  harmonic  5ths  and  3ds  overpower  other 
overtones;  for  we  have  the  string  subdividing  again  and  again  into  overtones,  which  are 
not  harmonious  like  the  notes  of  the  common  chord  of  the  fundamental. 

The  presence  of  overtones,  resultant  tones,  and  additional  tones,  which  latter  will  be 
described  hereafter,  can  be  demonstrated,  without  damping  the  strings,  by  the  resonators, 
invented  by  Helmholtz.    It  is  well  known  that,  if  a  glass  tube,  closed  at  one  end,  which 
contains  a  column  of  air  of  a  certain  length,  be  brought  near  a  resounding  body  emitting 
a  note  identical  with  that  produced  by  the  vibrations  of  the  column  of  an-,  the  air  m  the 
tube  will  resound  in  consonance  with  the  note.   If,  for  example,  we  have  a  tube  sounding 
C  a  tuning-fork  of  the  same  pitch  sounded  near  the  tube  wiU  throw  the  air  m  the  tube 
into  action  and  will  produce  a  powerful  sound,  while  no  other  note  will  have  this  effect. 
The  resonators  of  Helmholtz  are  constructed  upon  this  principle.    A  glass  globe  or  tube 
(Fig  262)  is  constructed  so  as  to  produce  a  certain  note.    This  has  a  larger  openmg  (a) 
and  a  smaller  opening  (b)  which  latter  is  fitted  in  the  ear  by  warni  sealing-wax,  the  other 
ear  being  closed.    When  the  proper  note  is  sounded,  it  is  reenforced  by  the  resonator 
and  is  greatly  increased  in  intensity,  while  all  other  notes  are  heard  very  faintly.  Sup- 
pose, now,  that  we  apply  this  to  the  detection  of  overtones.    We  fix  in  the  ear  a  resonator 
adjusted  to  G,  and  sound  the  fundamental  (C).    The  fundamental  (C)  is  i„n^erfectly  heard, 
but  the  overtone  (G)  is  reenforced,  and  we  have  a  loud  and  distmct  sound  of  the  5th  By 
usin-  resonators  graduated  to  the  musical  scale,  we  can  easily  analyze  a  note  and  distin- 
guish the  overtones.    In  the  same  way,  if  we  place  in  the  ear  a  resonator  tuned  to  a  par- 
ticular note  and  strike  a  succession  of  chords  on  the  piano,  the  general  sound  is  imper- 
fectly heard ;  but,  whenever  we  strike  the  note  of  the  resonator,  this  is  clearly  dist  n- 
guthed,  to   he  practical  exclusion  of  all  others;  and  we  can  thus  analyze  compl  cat-  d 
IZl  into  each  of  their  constituent  parts.   This  experiment  shows  the  simdari  y  between 
tort  "  solved  into  their  constituent  parts,  and  single  notes,       -d  into  h^^^^^^^^^^ 
or  overt-ones.    The  resonators  of  Helmholtz,  which  are  open  at  the  arger  extremity,  are 
infinitely  more  delicate  than  those  in  which  this  is  closed  by  a  membrane.  ^ 
A  very  striking  and  instructive  point  in  the  present  discussion  is  the  fol  owmg.  A 
the  overtones  are  produced  by  vibrations  of  segments  of  ^^^f^^^^-^t^:^ 
comparatively  still  points,  called  nodes ;  and,  if  we  cause  a  string  to  Mbiate  bj  pluckin. 
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or  striking  it  at  one  of  tliese  nodal  points,  wo  abolish  tho  overtones  which  vibrate  from  this 
node  at  alixed  point.  For  example,  if  we  pluck  the  string  at  its  exact  centre,  wo  sound 
the  fundamental ;  but  wo  then  have  a  dull  tone,  which  is  deficient  in  tlie  overtones  of  the 
octaves.  We  can  demonstrate  the  fact  that  those  overtones  are  absent,  for,  if  we  damp 
the  string  at  its  centre,  the  fundamental  is  quenched,  but  we  have  no  octaves,  which  are 
always  heard  on  damping  the  centre  when  the  string  is  plucked  at  other  points.  In  the 
same"  way,  by  plucking  the  string  at  different  points,  we  can  abolish  the  overtones  of 
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oths,  3ds,  etc.  It  is  readily  understood  that,  when  a  string  is  jjlucked  at  any  point,  it 
will  vibrate  so  vigorously  at  this  point  that  no  node  can  be  formed.  This  fact  lias  long^ 
been  recognized  by  practical  musicians,  although  many  are  probably  unacquainted  with 
its  scientific  explanation.  Performers  upon  stringed  instruments  habitually  attack  the 
strings  near  their  extremities.  In  the  piano,  where  the  strings  may  be  struck  at  almost 
any  point,  the  hammers  are  placed  at  from  ^  to  |  of  their  extremities  ;  and  it  has  been 
ascertained  by  experience  that  this  gives  the  richest  notes.  The  nodes  formed  at  these 
points  would  produce  the  7ths  and  Oths  as  overtones,  which  do  not  belong  to  the  perfect 
major  chord,  while  the  nodes  for  the  harmonious  overtones  are  undisturbed.  The  reason, 
then,  why  the  notes  are  richer  and  more  perfect  when  the  strings  are  attacked  at  this 
point,  is  that  the  harmonious  overtones  are  full  and  perfect,  and  certain  of  the  discordant 
overtones  are  suppressed. 

When  two  harmonious  notes  are  produced  under  favorable  conditions,  we  can 
hear,  in  addition  to  the  two  sounds,  a  sound  dilfering  from  both  and  much  lower  than 
the  lower  of  the  two.  This  sound  is  too  low  for  an  harmonic,  and  it  has  been  called  a 
resultant  tone.  The  formation  of  a  new  sound  by  combining  two  sounds  of  difi:'erent 
pitch  is  analogous  to  the  blending  of  colors  in  optics,  except  that  the  primary  sounds  are 
not  lost.  The  laws  of  the  production  of  these  resultant  sounds  are  very  simple.  When 
two  notes  in  harmony  are  sounded,  the  resultant  tone  is  equal  to  tho  dilFerence  between 
the  two  primaries.  For  example,  if  we  sound  C,  with  48  vibrations,  and  its  5th,  with  72 
vibrations  in  a  second,  the  resultant  tone  is  equal  to  the  difference,  which  is  24  vibrations, 
and  it  is  consequently  the  octave  below  0  ;  or,  if  we  sound  0,  with  48  vibrations,  and  its 
3d,  with  fiO,  we  have  a  resultant  tone  two  octaves  below  C,  the  number  of  vibrations 
being  12.'    These  resultant  tones  are  very  feeble  as  compared  with  the  primary  tones,  and 

'  TheBo  numbers  arc  used  merely  in  illnstnition.   A  Rcmnd  of  VI  vibrations  (Iocs  not  ooiiio  witliin  tlie  musical  scale. 
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they  cau  be  lioard  only  under  the  most  favorable  oxijorimental  conditions.  In  addition  to 
these  sounds,  Ilelniholtz  has  discovered  sounds,  even  more  feeble,  which  he  calls  addi- 
tional, or  summation  tones.  The  value  of  these  is  equal  to  the  sum  of  vibrations  of  the 
prinuiry  tones.  For  example,  0  (24)  and  its  5th  (36)  would  give  a  summation  tone  of  CO 
vibrations,  or  the  octave  of  tlio  3d  ;  and  0  (24)  with  its  3d  (30)  would  give  54  vibrations, 
the  octavo  of  the  2d.  Tliese  tones  can  readily  bo  distinguished  by  means  of  the  reso- 
nators already  described. 

It  is  thus  seen  that  musical  sounds  are  excessively  complex.  With  single  sounds,  we 
have  an  infinite  variety  and  number  of  harmonics,  or  overtones,  and  in  chords,  which 
will  bo  treated  of  more  fully  under  the  head  of  harmony,  we  have  a  series  of  resultants, 
which  are  lower  than  the  primary  tones,  and  a  series  of  additional,  or  summation  tones, 
which  are  higher ;  but  both  the  residtant  and  the  summation  tones  bear  an  exact  mathe- 
matical relation  to  the  primary  tones  of  the  chord. 

Ea/rmony.—We  have  discussed  the  overtones,  resultant  tones,  and  summation  tones 
of  strings  rather  fully,  for  the  reason  that,  in  the  physiology  of  audition,  we  shall  see  that 
the  ear  is  capable  of  recognizing  single  sounds  or  successions  of  single  sounds ;  hut,  at 
the  same  time,  certain  combinations  of  sounds  are  appreciated  and  are  even  more^  agree- 
able than  those  which  are  apparently  produced  by  simple  vibrations.  Combinations  of 
cones  which  thus  produce  an  agreeable  impression  are  called  harmonious.  They  seem  to 
become  blended  with  each  other  into  a  complete  sound  of  pecuhar  quality,  all  of  the  dif- 
ferent vibrations  entering  into  their  composition  being  simnltaneously  appreciated  by  the 
car.  From  what  we  have  learned  of  overtones,  it  is  evident  that  few  musical  sounds  are 
really  simple,  and  that  those  which  are  simple  are  wanting  in  richness,  while  they  are  per- 
fectly pure.  The  blending  of  tones  which  bear  to  each  other  a  certain  mathematical  rela- 
tion is  called  harmony  ;  but  two  or  more  tones,  though  each  one  be  musical,  are  not  neces- 
sarily harmonious.  The  most  prominent  overtone,  except  the  octave,  :s  the  5th,  with  its 
octaves,  and  this  is  called  the  dominant.  The  next  is  the  3d,  with  its  octaves.  The 
,other  overtones  are  comparatively  feeble.  Reasoning,  now,  from  our  knowledge  of  the 
relations  of  overtones,  we  might  infer  that  the  reenforcement  of  the  5th  and  3d  by  other 
notes  bearing  similar  relations  to  the  tonic  would  be  agreeable.  This  is  the  fact  and  it 
was  ascertained  empirically  long  before  the  pleasing  impression  produced  by  such  com- 
binations was  explained  mathematically.  We  do  not  propose  to  enter  mto  a  fuU  discus- 
sion of  the  laws  of  harmony,  but  a  knowledge  of  certain  of  these  laws  is  essential  to  the 
comprehension  of  the  physiology  of  audition.  These  are  very  simple,  now  that  we  have 
analyzed  the  sound  of  a  single  vibrating  body. 

It  is  a  law  in  music,  that  the  more  simple  the  ratio  between  the  number  of  vibrations 
in  two  sounds,  the  more  perfect  is  the  harmony.    The  simplest  relation,  of  course,  is 
1  :  1,  when  the  two  sounds  are  said  to  be  in  unison.    The  next  m  order  is  1  :  2.    It  we 
sound  0  and  its  8th,  we  have,  for  example,  24  vibrations  of  one  to  48  of  the  o  her. 
These  sounds  can  produce  no  discord,  becanse  the  waves  never  mterfere  with  each  other, 
and  the  two  somids  can  be  prolonged  indefinitely,  always  maintaining  the  same  relations. 
The  combined  impression  is  therefore  continuous.    The  next  in  order  is  the  1st  and  5t  i 
their  relations  being  2:3.    In  other  words,  with  the  1st  and  5th,  for  two  ^^^^^  J' 
1st  we  have  three  waves  of  the  5th.    The  two  sounds  may  ^^'fl'^j;^^^^^^^^^^^^^ 
for  the  waves  coincide  for  every  second  wave  of  the  1st  and  every  third  wave  of  the  otlu 
The  next  in  order,  if  we  sound  at  the  same  time  the  1st,  5th,  and  8th  is  tl  c  3d    The  3d 
of  C  has  the  8th  of  0  for  its  5th,  and  the  5th  of  C  for  its  minor  3d.    The  1st  3d  otb 
.  and  8th  form  the  common  m.ajor  chord;  and  the  waves  of  each  tone^^'lend  ^ith^c^^ 
other  at  such  short  intervals  of  time  that  the  ear  experiences  a  ^'''^J  "^^^^^^ 
and  no  discord  is  appreciated.    This  explanation  of  the  common  nui,o   ^  ^J  ^^^^^^^^^^^^^^ 
the  law  that,  the  smaller  the  ratio  of  vibration  between  different  ^^"^  '  *f;";:'^.^P^'^'2 
is  their  harmony.    Sounded  with  the  1st,  the  4th  is  more  harmomou.  than  the  3d  ,  but 
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its  want  of  harmony  with  the  5th  excludes  it  from  the  common  chord.  The  1st,  4th, 
and  8th  are  harmonious,  but  to  make  ft  complete  chord  we  must  use  the  6th.  These  dis- 
cussions might  be  extended  into  the  progression  of  chords  and  modulation ;  but  this  is 
not  essential  to  our  purpose,  as  wo  wish  only  to  ascertain  the  laws  of  the  vibrations  of 
sounds  in  harmony  and  the  mechanism  of  discords. 

Discords.— A  knowledge  of  the  mechanism  of  simple  accords  enables  us  to  understand 
more  easily  the  rationale  of  discords,  and  vice  versa.  As  in  the  case  of  harmony,  the  fact 
that  certain  combinations  of  musical  tones  produce  a  disagreeable  impression  was  ascer- 
ained  empirically,  with  no  knowledge  of  the  exact  cause  of  the  palpable  dissonance. 
Tlianks  to  the  labors  of  modern  physicists,  however,  the  mechanism  of  discords  is  now^ 
pretty  well  settled.  We  shall,  in  our  explanation,  begin  with  a  combination  of  tones 
slightly  removed  from  perfect  unison. 

Suppose,  for  example,  that  we  have  two  tuning-forks  giving  precisely  the  same  num- 
bers of  vibrations  in  a  second  ;  the  tones  are  then  in  perfect  unison.  We  load  one  of  the 
forks  with  a  bit  of  wax,  so  that  its  vibrations  are  slightly  reduced,  and  start  them  both 
in  vibration  at  the  same  instant.  Taking  the  illustration  given  by  Tyndall,  we  assume 
that  one  fork  has  256,  and  the  other,  255  vibrations  in  a  second.  While  these  two  forks 
are  vibrating,  we  have  one  gradually  gaining  upon  the  other  ;  but,  at  the  end  of  half  a 
second,  one  will  have  made  128  vibrations,  while  the  other  will  have  made  127i.  At 
this  point  the  two  waves  are  in  direct  opposition  to  each  other ;  they  are  moving  in 
exactly  opposite  directions  ;  and,  as  a  consequence,  the  sounds  neutrahze  each  other,  and 
we  have  an  instant  of  silence.  The  perfect  sounds,  as  the  two  forks  continue  to  vibrate, 
are  thus  alternately  reenforced  and  diminished,  and  we  have  what  are  known  in  music  as 
beats.  As  the  difference  in  the  number  of  vibrations  in  a  second  is  one,  we  have  the 
instants  of  silence  occurring  once  in  a  second;  and  in  this  illustration  the  beats  occur 
once  a  second.  Unison  takes  place  when  two  sounds  can  follow  each  other  indefinitely, 
their  waves  blending  perfectly ;  dissonance  is  marked  by  successive  beats,  or  pulses.  If 
we  now  load  forks  so  that  one  will  vibrate  240  times  in  a  second,  and  the  other  234,  there 
will  be  six  times  in  a  second  'when  the  interference  will  be  manifest ;  or,  to  make  it 
plainer,  in  ^  of  a  second,  one  fork  will  make  40  vibrations,  while  the  other  is  making 
39.  We  shall  then  have  6  beats  in  a  second.  From  these  experiments,  the  law  may 
be  deduced,  that  the  number  of  beats  produced  by  two  tones  not  in  harmony  is  equal 
to  the  difference  between  the  two  rates  of  vibration.  An  analogous  interference  of  nn- 
dulations  is  observed  in  optics,  when  waves  of  light  are  made  to  interfere  and  produce 
darkness. 

It  is  evident  that  the  number  of  beats  will  increase  as  we  sound  two  discordant  tones 
higher  and  higher  in  the  scale.  According  to  Helmholtz,  the  beats  can  be  recognized  up 
to  132  in  a  second.  Beyond  that  point  they  become  confused,  and  we  have  only  a  sen- 
sation of  dissonance,  or  roughness.  We  can  illustrate  this  point  very  satisfactorily  by  a 
simple  experiment  upon  the  piano.  Let  us  take  two  tones,  the  highest  on  the  scale, 
separated  from  each  other  by  a  semitone.  When  we  strike  these  two  notes  together, 
we  have  a  disagreeable  sensation  of  dissonance,  but  no  appreciable  beats,  because,  the 
rate  of  vibration  of  each  note  being  high,  the  difference  is  great  and  the  beats  are  too 
rapid  to  be  appreciated  as  such.  We  strike,  now,  the  two  notes  an  octave  below  ;  still 
we  have  dissonance,  less  disagreeable,  but  no  beats.  Passing  down,  an  octave  at  a  time,  as 
the  numbers  of  vibrations  become  smaller,  the  difference  between  them  is  less,  and  there 
are  fewer  beats  in  a  second,  until  they  are  readily  appreciated  as  beats  and  can  even  be 
counted.  Beats,  then,  are  due  to  interference  of  sound-waves,  and  the  number  in  a  second 
is  equal  to  tlie  difference  in  the  rate  of  vibrations.  When  these  are  too  rapid  to  be  appre- 
ciated as  beats,  we  have  simply  a  sensation  of  discord.  There  is  no  interference  of  the 
waves  of  tones  in  unison,  provided  the  waves  start  at  the  same  instant;  the  intensity  of 
the  sound  being  increased  by  reenforcement.  The  differences  between  the  1st  and  8th, 
53 
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the  Ist  and  5th,  the  Ist  and  3d,  and  other  harmonious  combinations,  is  so  great  that  wo 
have  no  boats  and  no  discord,  the  more  rapid  waves  reiinforcing  the  harmonics  of  the 
primary  sound.  It  is  important  to  remember,  in  this  connection,  that  resultant  tones  are 
equal  to  the  diiferonco  in  the  rates  of  vibration  of  two  harmonious  tones.  If  we  take  a 
note  of  240  vibrations,  and  its  5th,  with  360  vibrations,  these  two  have  a  difference  of 
120,  which  is  the  lower  octave  of  the  1st  and  is  a  harmonious  tone. 

It  is  evident  that  the  laws  which  we  have  tlms  stated  are  equally  applicable  to 
overtones,  resultant  tones,  and  additional  tones,  which  have  their  beats  and  dissonances, 
as  well  as  the  primary  tones. 

Tones  ly  Influence  {Consonance).— The  term  consonance  is  generally  applied  to  the 
harmonious  combinations  of  two  or  more  sounds,  and  is  synonymous  with  accord,  as  it 
is  used  in  music.  In  this  sense,  it  is  opposed  to  dissonance,  or  discord.  By  some  writers, 
however,  consonance  is  used  to  denote  sounds  produced  in  sonorous  bodies  by  the  influ- 
ence of  sounds  in  unison.  If,  for  example,  we  have  a  bell  tuned  to  a  certain  note  and 
bring  near  its  opening  a  tuning-fork  vibrating  in  unison  with  this  note,  the  bell  will 
sound  vigorously  in  unison,  although  it  is  influenced  only  by  the  vibrations  in  the  air  pro- 
duced by  the  primary  sound.  We  have  ali-eady  spoken  of  this  under  the  head  of  reso- 
nance ;  and  sounds  produced  in  this  way  are  properly  called  tones  by  influence.  Some 
physicists  designate  these  as  sympathetic  vibrations.  Dr.  Elsberg,  of  New  York,  uses 
the  term  co-vibration  and  co-sounding,  as  applied  to  these  phenomena. 

It  is  evident  that  the  mechanism  of  the  production  of  tones  by  influence  cannot  be 
neglected  in  studying  the  physiology  of  audition.  We  have,  as  an  important  part  of  the 
auditory  apparatus,  the  membrane  of  the  tympanum,  capable  of  various  degrees  of  ten- 
sion which  is  thrown  into  vibration  in  obedience  to  waves  of  sound  conuucted  by  the 
atmosphere;  and  it  will  be  an  important  point  to  determine  how  far  the  vibrations  of 
this  membrane  are  affected  by  the  laws  of  the  production  of  tones  by  influence. 

After  what  we  have  learned  of  the  laws  of  musical  vibrations,  it  will  be  easy  to  cora- 
prehend  the  production  of  sounds  by  influence.  We  shall  take  first  the  most  simple 
example,  applied  to  strings.  If  we  gently  touch  the  note  0  upon  the  piano  so  as  to  raise 
the  damper  but  not  sound  the  string,  and  then  sing  a  note  in  unison  the  string  will 
return  the  sound,  by  the  influence  of  the  sound-waves.  The  somid  thus  produced  by 
the  string  will  have  its  fundamental  tone  and  overtones ;  but  the  series  of  overtones  will 
be  complete;  for  none  of  the  nodes  are  abolished,  as  in  striking  or  plucking  the  stnng 
at  any  particular  point.  If,  instead  of  the  note  in  unison,  we  s^ng  any  of  the  oc  aves 
the  string  will  return  the  note  sung ;  and  the  same  is  true  o  the  3d  5th  etc  If  we 
now  strike  a  chord  in  harmony  with  the  undamped  stnng,  this  chord  will  be  exactly 
returned  by  influence.  In  other  words,  a  string  may  be  made  to  sound  by  ^f^^Z^'^ 
fundamental  tone,  its  harmonics,  and  harmonious  combinations.  ''  '''^^^^^ 

tion  still  farther,  the  string  will  return,  not  only  a  note  of  its  exact  P^t''^/-^ ^^^^f  ^ 
ics,  but  notes  of  the  quality  of  the  primary  note.    This  is  a  very  ^^^Vor^^V^^  jts 
ap;iications  to  the  physiology  of  hearing  and  can  be  readily  illusti-ated    Takmg  ^d^n 
tical  notes  in  succession,  produced  by  the  voice,  trumpet,  ^^°l'"'/^'^'"^^\°'^,f^;;X 
cal  instruments,  it  can  be  easily  noted  that  the  quality  of  the  note,  as  well  as  the  p.tch, 
is  rendered  by  a  resounding  string  :  and  the  same  is  true  ot  coinbmat.ons  of  notes. 

The  above'laws  of  tones  by  influence  have  been  illustrated  by  strings  -re  y    r  Jh 
sake  of  simplicity  ;  but  they  have  a  more  or  less  pei-fect  -VV^l'''\^\\lf^^^^^^^ 
of  producing  musical  tones,  except  that  some  are  thrown 

culty  than  others.    An  interesting  application  of  these  laws,  l^^^"'' ^^f^^^  "7^^^^^^^^^ 
reference  to  the  physiology  of  the  ear,  is  in  the  case  of  stretched  membianes,  for  this 
brings  to  our  mind  the  possible  action  of  the  raembrana  tympani.  ,    ,  ^ 

If  we  have  a  thin  membrane,  like  a  piece  of  bladder  or  thin  '  f  ^^^^  ?  J^^^^^ 

circular  orifice,  such  as  the  month  of  a  wide  bottle,  this  can  be  tuned  to  a  ceitain  note. 
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When  arranged  in  this  way,  the  membrane  can  bo  made  to  sound  its  fundamental  note 
by  influence.  In  addition,  the  membrane,  like  a  string,  will  divide  itself  so  as  to  sound  the 
liarmonics  of  the  fundamental,  and  it  will  likewise  bo  thrown  into  vibration  by  the  5th, 
3d,  etc.,  of  its  fundamental  tone,  thus  obeying  the  laws  ol'  vibrations  of  strings,  though 
the  harmonic  sounds  are  produced  with  greater  difficulty. 

Uses  of  Different  Farts  of  the  Auditory  Apparatus. 

Tiie  nses  of  the  pavilion  of  the  ear  and  of  the  external  auditory  meatus  are  sufficiently 
apparent.  The  pavilion  serves  to  collect  the  waves  of  sound,  and  probably  it  inclines  them 
toward  the  external  meatus  as  they  come  from  various  directions.  Although  this  action 
is  simple,  it  undoubtedly  has  a  certain  degree  of  importance,  and  the  various  curves  of 
the  concavity  of  the  pavilion  tend  more  or  less  to  concentrate  the  sonorous  vibrations. 
Such  has  long  been  the  opinion  of  physiologists,  and  this  seems  to  be  carried  out  by 
experiments  in  which  the  concavities  of  the  external  ear  have  been  obliterated  by  wax. 
There  is,  probably,  no  resonance  or  vibration  of  much  importance  until  the  waves  of 
sound  strike  the  membrana  tympani.  The  same  remarks  may  be  made  with  regard  to 
the  external  auditory  meatus.  We  do  not  know  precisely  how  the  obliquity  and  the 
curves  of  this  canal  affect  the  waves  of  sound,  hut  we  may  suppose  that  the  deviation 
from  a  straight  course  protects,  to  a  certain  degree,  the  tympanic  membrane  from  im- 
pressions that  might  otherwise  be  too  violent. 

Structure  of  the  Membrana  Tympani. — The  general  arrangement  of  the  membrana 
tympani  has  already  been  described  in  connection  with  the  topographical  anatomy  of  the 
auditory  apparatus.  This  structure,  which  is  of  great  importance  in  the  physiology  of 
hearing,  is  delicate,  elastic,  about  the  thickness  of  ordinary  gold-beater's  skin,  and  is 
subject  to  various  degrees  of  tension,  from  the  action  of  the  muscles  of  the  middle  ear 
and  different  conditions  of  atmospheric  pressure  within  and  without  the  cavity  of  the 
tympanum.  Its  form  is  neai'ly  circular.  From  a  number  of  accurate  measurements  of 
its  diameter  in  the  adult,  by  Sappey,  we  may  assume  that  its  ring  measures  a  little  more 
than  f  of  an  inch  vertically  and  about  f  of  an  inch  antero-posteriorly.  The  excess  of  the 
vertical  over  the  horizontal  diameter  is  about  ^  of  an  inch.  Notwithstanding  the  asser- 
tion of  some  of  the  older  anatomists,  that  the  tympanic  membrane  presents  one  or  two 
small  perforations,  it  is  now  almost  universally  regarded  as  forming  a  complete  division, 
without  openings,  between  the  external  meatus  and  the  middle  ear  ;  or,  if  any  openings 
exist,  they  are  exceedingly  minute. 

The  periphery  of  the  tympanic  membrane  is  received  into  a  little  ring  of  bone,  which 
may  be  separated  by  maceration  in  early  life,  but  which  is  consolidated  with  the  adja- 
cent bony  structures  in  the  adult.  This  bony  ring  is  incomplete  at  its  superior  portion, 
but,  aside  from  this,  it  resembles  the  groove  which  receives  the  crystal  of  a  watch.  At  the 
periphery  of  the  membrane,  is  a  ring  of  condensed  fibrous  tissue,  which  is  received  into 
the  bony  ring.    This  ring  also  presents  a  break  at  its  superior  portion. 

The  concavity  of  the  membrana  tympani  presents  outward,  and  it  may  be  increased  or 
diminished  by  the  action  of  the  muscles  of  the  middle  ear.  The  point  of  greatest  con- 
i  cavity,  where  the  extremity  of  the  handle  of  the  malleus  is  attached,  is  called  the  umbo. 
'Upon  the  inner  surface  of  the  membrane  are  two  pouches,  or  pockets.  One  is  formed  by 
a  small,  irregular,  triangular  fold,  situated  at  the  upper  part  of  its  posterior  half  and  con- 
sisting of  a  process  of  the  fibrous  layer.  This,  which  is  called  the  posterior  pocket,  is  open 
below  and  extends  from  the  posterior  upper  border  of  the  membrane  to  the  handle  of 
the  malleus,  which  it  assists  in  holding  in  position.  "After  it  has  been  divided,  the  bone 
is  much  more  movable  than  before."  (Troltsoh.)  The  anterior  pocket  is  lower  and  shorter 
than  the  posterior.  It  is  formed  by  a  small  bony  process  turned  toward  the  neck  of  the 
malleus,  by  the  mucous  membrane,  by  the  bony  process  of  the  malleus,  by  its  anterior 
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ligament,  the  chorda  tympani,  and  tlio  anterior  tympanic  artery.  The  handle  of  the 
malleus  is  inserted  between  the  two  layers  of  the  fibrous  structure  of  the  meinbrana 
tynipani  and  occupies  tiio  upper  luilf  of  its  vertical  diameter,  extending  from  the  periph- 
ery to  the  umbo. 

The  membrana  tympani,  though  thin  and  translucent,  presents  three  distinct  layers. 
Its  outer  layer  is  an  excessively  delicate  prolongation  of  tlie  integument  lining  the  exter- 
nal meatus,  presenting,  however,  neither  papilla3  nor  glands.  The  inner  layer  is  a  deli- 
cate continuation  of  the  mucous  membrane  hning  the  tympanic  cavity  and  is  covered  by 


Fig  26S.- Sight  memhrana  tympani,  seer.  from  yAtUn.   From  .  photograph,  and  somewhat  reduced. 

(Rudin^er,) 


1,  head  of  the  nmlleuB,  divided  ;  2,  neck  of  the  malleus;  3,  handle  of  the -feus  with  the  '-^o-J^f  ™o?'^^^ 

^j^v;;=<;t.»'t\t^vv^au^u^^^^^^^ 

tessellated  epithelial  cells.    The  fibrous  portion,  or  lamina  propria,  is  ^^^^  «f 
layer.    The  outer  layer  consists  of  fibres,  radiating  from  the  handle  of  the  malleus  to 
the  ;;-iph  ry    These  are  best  seen  near  the  centre.    The  inner  layer  .s  composed  ot 
circular  fibres,  which  are  most  abundant  near  the  periphery  and  dimmish  m  number 

membrana  tympani,  when  it  is  examined  with  an 
daylight,  is  peculiar,  and  it  is  rather  diflicult  to  describe,  as  it  vanes  "  t^^^^^^^'  "^J^^^ 
different  individuals.  Politzer  describes  the  membrane,  examined  m  j;^;^  J  ^^^^ 
lucent,  and  of  a  color  which  "  most  nearly  approaches  a  neutral  gijy,  '^"^f  .^^  ^^^^ 
weake;-  tint  of  violet  and  light  yellowish-brown.  This  color  -  modified,  -  ^^^^^^^^^^^^^ 
tions  of  the  membrane,  by  the  chorda  tympani  and  the  bones  of  ^"^-^^^^'^^^  ^^^^^^ 
some  opacity.    The  entire  membrane  in  health  has  a  soft  lustre.    In  addition,  theie 
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seen,  with  proper  illiunination,  !i  well-marked,  triangular  cone  of  liglit,  with  its  apex  at 
the  end  of  the  liandlo  of  the  malleus,  spreading  out  in  a  downward  and  forward  direc- 
tion, and  from  -ji^  to  ^  of  an  inch  broad  at  its  base.  This  appearance  is  regarded  by 
pathologists  as  very  important,  as  indicating  a  normal  condition  of  the  membrane.  It  is 
undoubtedly  due  to  reflection  of  light,  depending  upon  three  factors,  indicated  by  Roosa 
asfoUows:  "First,  the  inclination  of  the  membrana  tympani  to  the  auditory  canal; 
second,  the  traction  of  the  malleus,  which  renders  it  concave  at  the  centre ;  third,  its 
polish  or  brilliancy."  With  this  explanation,  it  is  not  admitted  that  the  light  spot  is  due 
to  a  peculiar  structure  of  that  portion  of  the  membrane  upon  which  it  is  seen. 

Uses  of  the  Membrana  Tympani. — It  is  unquestionable  that  the  membrana  tympani  is 
very  impoi-tant  in  audition.  In  cases  of  disease  in  which  the  membrane  is  thickened, 
perforated,  or  destroyed,  the  acuteness  of  hearing  is  always  more  or  less  aflected.  That 
this  is  in  great  part  due  to  the  absence  of  a  vibrating  surface  for  the  reception  of  waves 
of  sound,  is  shown  by  the  relief  which  is  experienced  by  those  patients  who  can  tolerate 
the  presence  of  an  artificial  membrane  of  rubber,  when  this  is  introduced.  As  regards 
the  mere  acuteness  of  hearing,  aside  from  the  pitch  of  sounds,  the  explanation  of  the 
action  of  the  membrane  is  very  simple.  Sonorous  vibrations  are  not  readily  transmitted 
through  the  atmosphere  to  sohd  bodies,  hke  the  bones  of  the  eai- ;  and.  when  they  are 
thus  transmitted  they  lose  considerably  in  intensity.  When,  however,  the  aiirial  vibra- 
tions are  received  by  a  delicate  membrane,  under  the  conditions  of  the  membrana  tym- 
pani, they  are  transmitted  with  very  little  loss  of  intensity ;  and,  if  this  membrane  be 
connected  with  solid  bodies,  like  the  bones  of  the  middle  ear,  the  vibrations  are  readily 
conveyed  to  the  sensory  portions  of  the  auditory  apparatus.  The  parts  composing  the 
middle  ear  are  thus  admirably  adapted  to  the  transmission  of  sonorous  waves  to  the 
auditory  nerves.  The  membrane  of  the  tympamim  is  delicate  in  structui'e,  stretched  to 
the  proper  degree  of  tension,  and  vibrates  under  the  influence  of  the  waves  of  sound. 
Attached  to  this  membrane,  is  the  chain  of  bones,  which  conducts  its  vibrations,  like 
the  bridge  of  a  violin,  to  the  liquid  of  the  labyrinth.  The  membrane  is  fixed  at  its 
periphery  and  has  air  upon  both  sides,  so  that  it  is  under  the  most  favorable  conditions 
for  vibration. 

A  study  of  the  mechanism  of  the  ossicles  and  muscles  of  the  middle  ear  shows  that 
the  membrana  tympani  is  subject  to  certain  physiological  variations  in  tension,  due  to 
contraction  of  the  tensor  tympani.  It  is  also  evident  that  this  membrane  may  be  drawn 
in  and  rendered  tense  by  exhausting  or  rarefying  the  air  in  the  drum.  If  the  mouth  and 
nose  be  closed  and  we  attempt  to  breathe  forcibly  by  expanding  the  chest,  the  external 
pressure  tightens  the  membrane.  In  this  condition,  the  ear  is  rendered  insensible  to 
grave  sounds,  but  high-pitched  sounds  appear  to  be  more  intense.  If  the  tension  be  re- 
lieved, as  may  be  done  by  an  act  of  swallowing,  the  grave  sounds  are  heard  with  normal 
distinctness.  This  experiment,  tried  at  a  concert,  produces  the  curious  efiect  of  abolish- 
ing a  great  number  of  the  lowest  tones,  while  the  shrill  sounds  are  heard  very  acutely. 
The  same  phenomena  are  observed  when  the  external  pressure  is  increased  by  descent  in 
a  diving-bell. 

Undoubted  cases  of  voluntary  contraction  of  the  tensor  tympani  have  been  observed 
by  otologists ;  and  in  the.se,  by  bringing  this  muscle  into  action,  the  limit  of  the  perception 
of  high  tones  is  greatly  increased.  In  two  instances  of  this  kind,  recorded  by  Dr.  Blake, 
of  Boston,  the  ordinary  limit  of  perception  was  found  to  be  three  thousand  single  vibra- 
tions ;  and,  by  contraction  of  tlie  muscle,  this  was  increased  to  five  thousand  single  vibra- 
tions. 

The  membrana  tympani  undoubtedly  vibrates  by  influence,  when  it  is  brought  in 
accord  with  a  given  note.  In  other  words,  this  membrane  obeys  the  laws  of  consonance 
and  vibrates  strongly  by  the  influence  of  sounds  in  unison  or  in  harmony  with  its  funda- 
mental tone.    The  laws  of  vibrations  by  influence  have  already  been  fully  discussed; 
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aiul  it  remains  for  us  now  to  dotormine  bow  far  tlieso  laws  are  applicable  to  the  pbysi- 
ology  of  tlio  vibrations  of  the  membrana  tynipani  and  the  action  of  those  vibrations  in 
the  accurate  perception  of  musical  sounds. 

There  are  certain  phenomena  of  vibration  of  the  membrana  tympani  that  must  occur, 
as  a  physical  necessity,  under  favorable  conditions,  which  it  is  important  to  note  in  this 
connection;  and  these  have  hardly  attracted  sutiicient  attention  at  tlie  hands  of  pliysio- 
logical  writers.  In  the  first  place,  this  membrane  must  obey  the  laws  of  vibration  by 
influence.  It  is  undoubtedly  thrown  into  vibration  by  irregular  waves  of  noise,  as  contra- 
distinguished from  musical  tones;  but,  when  a  tone  is  sounded  in  unison  with  its  funda- 
mental tone,  or  when  the  tone  sounded  is  one  of  the  octaves  of  its  fundamental,  it  must 
imdergo  a  vibration  by  influence,  like  an  artificial  membrane.  If  we  suppose  the  mem- 
brane to  be  tuned  in  unison  with  a  certain  note,  it  will  not  only  return  this  note  by  influ- 
ence, but  it  will  repeat  its  quality.  Not  only  this,  when  a  combination  of  harmonious 
tones  is  sounded,  the  combined  sound  will  be  returned,  with  all  the  shades  m  quality 
which  the  combined  tones  produce.  On  account  of  its  small  size,  the  sound  produced  by 
the  exposed  membrane  itself  cannot  be  heard;  but  that  the  membrane  does  vibrate  by 
influence,  has  been  proven  by  experiments  with  small  particles  of  sand  on  its  surface. 

We  are  certainly  justifled  in  supposing  that  vibrations  of  the  membrana  tympam,  too 
delicate  to  be  revealed  to  the  eye  or  the  ear  in  objective  experiments,  may  be  appreciated 
by  the  auditory  nerves  as  a  subjective  phenomenon.  In  other  words,  we  can  probably  ap- 
preciate vibrations  in  our  own  tympanic  membrane,  when  these  wonld  be  too  delicate  to 
be  observed  by  the  eye  or  ear,  in  a  membrane  exposed  and  subjected  to  similar  influences. 
This  point  must  be  accepted  as  probable;  and  it  cannot  be  proven  by  direct  expermient 
If  this  be  true,  the  most  complex  combinations  of  sound  produced  by  an  orchestra  might 
be  actually  reproduced  by  the  tympanic  membrane,  if  this  membrane  were  accurately 

tuned  to  the  fundamental  tone.  -u-vt^ 
The  arrangement  of  the  muscles  and  bones  of  the  middle  ear  admits  of  the  possibility 
of  tuning  the  membrana  tympani  with  exquisite  nicety.  These  muscles  are  sometimes  so 
far  under  the  control  of  the  will  that  we  can  tighten  the  membrane  to  its  limit  by  a  vol- 
nntary  effort;  the  muscles  are  of  the  striated  variety,  and  are  capable  of  rapid  action; 
they  are  supplied  with  motor  filaments  from  the  cerebro-spinal  system ;  the  ear  is  fatigued 
by  long  attention  to  particular  tones ;  persons  not  endowed  with  what  is  termed  a  musical 
ear  cannot  appreciate  slight  distinctions  between  diflerent  tones ;  the  ear  is  capable  of 
education  in  the  appreciation  of  pitch  and  in  following  rapid  successions  of  tones;  and,  m 
short,  there  are  many  points  in  the  mechanism  of  the  transmission  of  musical  sounds  in 
the  ear  that  seem  to  involve  muscular  action.  In  the  larynx,  we  are  conscious  of  difler- 
ences  in  the  tension  of  the  vocal  chords  only  from  differences  in  the  character  and  pit 
of  the  sounds  produced ;  in  the  eye,  we  are  conscious  of  the  contraction  of  tl;e  musck  of 
accommodation  from  the  fact  that  an  eflfort  enables  us  to  see  objects  distinctly  at  difi-ei- 
Tt  d'Tances;  and  it  is  not  impossible  that,  under  ordinary  conditions, 
of  contractions  of  the  muscles  of  the  middle  ear  may  be  revealed  f  ^  ^^^^  to 

correct  appreciation  of  certain  musical  tones.    Some  persons  can  educate  he  eai  so  as  to 
acquire  what  is  called  the  faculty  of  absolute  pitch ;  that  is,  without  the         «  tuj^' 
foi  or  any  musical  instrument,  they  can  give  the  exact  musical  va  ue  f  J^^^^;^ 
A  possible  explanation  of  this  is  that  such  persons  may  have  educated      7;^^;;*  ;^^ 
ear  so  as  to  iut  the  tympanic  membrane  in  such  a  condition  of  tens  on  as  to  i^pond  to 
a  given  note  and  to  recognize  the  position  of  this  note  in  the  -^'--^  /fj^.  /     ^' 1^ 
accomplished  musician,  in  conducting  an  orchestra,  can,  by  a  -^""t'-J  ^^^^^'^^^^^^'j",, 
attention  to  certain  instruments,  and  hear  their  no  es  distinctly  ^«  -  "^"^Jj 
were,  from  the  general  mass  of  sound,  can  distinguish  the  famtest  discoid.,  and  iinmedi 
ately  designate  a  single  instrument  making  a  false  note.  nece^Mty 
The  fact  that  rapid  successions  of  notes  are  readily  apP^'^'^'-^ted  does  lot  of  "^J-^^  ^ 
argue  against  the  possibility  of  following  these  notes  with  the  muscles  of  the  car ,  for  the 
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muscles  of  the  larynx  may  act  so  as  to  produce  successions  of  notes  as  rapidly  as  they  can 
be  correctly  appreciated.  Nor  does  the  fact  that  wo  must  prepare  the  tympanic  mem- 
brane for  certain  notes  militate  against  the  theory  we  have  just  given,  for  musical  com- 
positions present  melodious  successions  in  a  certain  scale,  the  notes  of  which  bear  well- 
Klcfined  harmonious  relations  to  each  other,  and  we  immediately  appreciate  a  change  in 
the  key,  which  is  simply  a  change  in  the  fundamental.  These  changes  in  the  key  must 
be  made  in  accordance  with  the  laws  of  modulation ;  otherwise  they  are  harsh  and  grat- 
ing. Modulation  in  music  is  simply  a  mode  of  passing  from  one  key  to  another  by  certain 
transition-notes  or  chords,  which  seem  inevitably  to  lead  to  a  certam  key,  and  to  no 
other.  Finally,  the  laws  of  vibration  by  influence  show  that  a  single  vibrating  membrane 
returns  the  quality  as  well  as  the  pitch  of  tones  and  of  combinations  of  tones  as  well. 

The  theory  we  have  just  given  of  the  possible  action  of  the  membrana  tympani  is  an 
elaboration  of  the  view  advanced  by  Everard  Home.  Unfortunately  for  the  simplicity  of 
the  mechanism  of  hearmg  and  the  idea  of  division  and  isolation  of  function  in  different 
parts,  which  is  so  seductive  to  physiologists,  there  are  certain  facts  and  considerations 
which  may  prevent  some  from  adopting  it  absolutely  and  exclusively  as  an  explanation 
of  the  mechanism  of  the  appreciation  of  musical  sounds.    These  are  the  following : 

Destruction  of  both  membrana3  tympani  does  not  necessarily  produce  total  deafness, 
although  this  condition  involves  considerable  impairment  of  hearing.  So  long  as  there 
is  simple  destruction  of  these  membranes,  the  bones  of  the  middle  ear  and  the  other 
parts  of  the  auditory  apparatus  being  intact,  the  waves  of  sound  are  conducted  to  the 
auditory  nerves,  though  imperfectly.  In  a  remarkable  case  reported  by  Sir  Astley 
Cooper,  which  is  cited  by  most  writers  upon  physiology,  one  membrana  tympani  was  en- 
tirely destroyed,  and  the  other  was  nearly  gone,  there  being  some  parts  of  its  periphery 
remaining.  In  this  person,  the  hearing  was  somewhat  impaired,  although  he  could  dis- 
tinguish ordinary  conversation  pretty  well.  Fortunately,  he  had  considerable  musical 
taste,  and  it  was  ascertained  that  his  musical  ear  was  not  seriously  impaired;  "for  he 
played  well  on  the  flute  and  had  frequently  borne  a  part  in  a  concert.  I  speak  this,  not 
from  his  authority  only,  but  also  from  that  of  his  father,  who  is  an  excellent  judge  of 
music,  and  plays  well  on  the  violin :  he  told  me,  that  his  son,  besides  playing  on  the 
flute,  sung  with  much  taste,  and  perfectly  in  tune."  This  single  case,  if  its  details  be 
accurate— which  we  have  no  reason  to  doubt — shows  conclusively  that  the  correct  appre- 
ciation of  musical  sounds  may  exist  independently  of  the  action  of  the  membrana  tym- 
pani. 

There  is  one  consideration,  of  the  greatest  importance,  that  must  be  kept  in  view 
in  studying  the  functions  of  any  distinct  portion  of  the  auditory  apparatus,  like  the 
membrana  tympani.  This,  like  all  other  parts  of  the  apparatus,  except  the  auditory 
nerves  themselves,  has  simply  an  accessory  function.  If  the  regular  waves  of  a  musical 
tone  be  conveyed  to  the  terminal  filaments  of  the  auditory  nerves,  these  waves  make 
their  impression  and  the  tone  is  appreciated.  It  makes  no  difference,  except  as  regards 
intensity,  how  these  waves  are  conducted ;  the  tone  is  appreciated  by  the  impression 
made  upon  the  nerves,  and  the  nerves  only.  The  waves  of  sound  are  not  like  the  waves 
of  light,  refracted,  decomposed,  perhaps,  and  necessarily  brought  to  a  focus  as  they  im- 
pinge upon  the  retina;  as  far  as  the  action  of  the  accessory  parts  of  the  ear  are  concerned, 
the  waves  of  sound  are  imaltered  ;  that  is,  the  rate  of  their  succession  remains  absolutely 
the  same,  though  they  be  reflected  by  the  concavities  of  the  concha  and  repeated  by  the 
tympanic  membrane.  Even  if  we  assume  that  the  membrane,  under  normal  conditions, 
repeats  musical  sounds  by  vibrations  produced  by  influence,  and  that  this  membrane  is 
tuned  by  voluntary  muscular  action  so  that  tones  are  exactly  repeated,  the  position  of 
these  tones  in  the  musical  scale  is  not  and  cannot  be  altered  by  the  action  of  any  of  the 
accessory  organs  of  hearing.  The  fact  that  a  person  may  retain  his  musical  ear  with 
both  membranes  destroyed  is  not  really  an  argument  against  the  view  that  the  membrane 
repeats  tones  by  influence  ;  for,  if  musical  tones  or  noisy  vibrations  be  conducted  to  the 
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auditory  nerves,  the  impression  produced  must  of  necessity  be  dependent  exclusively 
upon  the  character,  regularity,  and  number  of  the  sonorous  vibrations.  And,  again,  the 
physical  laws  of  sound,  which  are  fi.\ed  and  unchangeable,  teach  us  that  a  membrane, 
like  the  membrana  tympani,  must  return  or  reproduce  sounds  whicli  are  in  unison  or  are 
hai-monious  with  its  fundamental  tone,  much  more  perfectly  than  discordant  or  irregular 
vibrations.  In  a  loud  confusion  of  noisy  sounds,  we  can  readily  distinguish  pure  melody 
or  harmony,  even  when  the  vibrations  of  the  latter  are  comparatively  feeble.  In  follow- 
ing with  the  ear  any  piece  of  music,  reasoning  from  purely  physical  considerations,  it 
must  at  times  occur  that  the  tones  are  in  exact  unison  or  in  harmony  with  the  funda- 
mental tone  of  the  membrana  tympani.  Supposing  the  fundamental  tone  of  tlie  mem- 
brane to  be  constant  and  invariable,  such  tones  would  be  heard  much  more  distinctly 
than  otliers,  as  a  physical  necessity.  Such  a  difference  in  the  appreciation  of  certain 
notes  in  melody  does  not  occur  ;  and  the  only  reasonable  explanation  of  this  is  that  the 
tension  of  the  membrane  is  altered.  It  is  shown  by  anatomical  researches  that  the  ten- 
sion can  be  altered  by  muscular  action,  and,  as  the  muscles  are  striated,  we  may  suppose 
that  it  may  be  modified  rapidly.  Physiological  observations  show  that  such  modifica- 
tions in  tension  do  occur  ;  and  there  are  on  record  unquestionable  instances  in  which  the 
membrana  tympani  is  tightened  by  a  voluntary  contraction  of  the  tensor  tympani  muscle. 

Another  important  point  to  note  in  this  connection  is  the  following:  Can  it  be 
sliown  that  the  appreciation  of  the  pitch  of  tones  bears  any  relation  to  the  degree  of  ten- 
sion of  the  tympanic  membrane  ?  We  can  answer  this  question  unreservedly  in  the 
aflirmative.  When  the  membrane  is  rendered  tense,  there  is  insensibility  to  low  tones. 
When  the  membrane  is  brought  to  the  highest  degree  of  tension  by  voluntary  contrac- 
tion of  the  tensor  tympani,  the  limit  of  appreciation  of  high  tones  may  be  raised  from 
three  thousand  to  five  thousand  vibrations.  It  is  a  fact  in  the  pbysics  of  the  membrana 
tympani,  that  the  vibrations  are  more  intense  the  nearer  the  membrane  approaches  to  a 
vertical  position.  It  has  also  been  shown  that  tbe  membrane  has  a  strikingly  vertical 
position  in  musicians,  and  that  the  position  is  very  oblique  in  persons  with  an  imperfect 
musical  ear.  This  fact  has  a  most  important  bearmg  upon  the  probable  relation  between 
the  membrana  tympani  and  tbe  correct  appreciation  of  musical  sounds. 

In  view  of  all  facts  and  considerations  for  and  against  the  theory  which  we  bave 
«iven  of  the  action  of  the  tympanic  membrane  in  the  appreciation  of  musical  sounds, 
does  it  not  seem  probable  that  there  are,  acting  upon  this  membrane,  muscles  of  auditory 
accommodation,  analogous  in  their  operation  to  the  muscle  of  visual  accommodation? 
We  have  carefully  studied  this  subject  in  all  its  bearings,  and,  if  the  reader  follow  closely 
our  process  of  reasoning,  it  must  seem  probable  that  the  muscles  of  the  middle  ear  are 
muscles  of  auditory  accommodation  ;  but  it  should  be  remembered  that  the  action  of  the 
membrane  is  not  absolutely  essential,  and  that  musical  tones,  however  conducted  must 
of  necessity  be  correctly  appreciated,  whenever  and  however  they  find  their  way  to  the 

auditory  nerves.  .          ,  -r, 

Experiments  have  shown  pretty  conclusively  that  the  tympanic  membrane  vibrates 
more  forcibly  when  relaxed  than  when  it  is  tense.    It  is  evident  that  the  relaxed  mem- 
brane must  undergo  vibrations  of  greater  amplitude  than  when  it  is  f  "-^g.  ~; 
In  certain  cases  of  facial  palsy,  in  which  it  is  probable  that  the  branch  of  the  i^<^  <^^  Som 
to  the  tensor  tympani  was  affected,  the  ear  became  painfully  sensitive  to  powerful  impres- 
sions of  sound.    This  probably  has  no  relation  to  pitch,  and  most  sounds  *at  aie  pam 
fully  loud  are  comparatively  grave.    The  tension  of  the  membrane  may  be  ^^°di«^d  as  a 
means  of  protection  of  the  ear,  but  the  facts  belonging  to  cases  of  facial  Pj'^J;^^^  «  ' 
that  we  have  bearing  upon  this  point.    Artillerists  are  in  danger  of  rupture  of  tl^<^  mem- 
brana tympani  from  sudden  concussions.    To  guard  against  this  injury,  it  ^ 
mended  to  stop  the  ear,  draw  the  shoulder  up  against  the  ear  most  in  "^^^ 
.  cularly  to  inflate  the  middle  ear  after  Valsalva's  method.    "This  method  consists  m 
making  a  powerful  expiration,  with  the  mouth  and  nostrils  closed. 
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Mechanism  of  the  Ossicles  of  the  Far.— The  ossicles  of  tlie  middlo  ear,  in  connection 
with  tlie  muscles,  have  a  twofold  function :  First,  by  the  action  of  the  muscles,  the 
niembrana  tympani  may  be  brought  to  different  degrees  of  tension.  Second,  the  chain 
of  bones  serves  to  conduct  sonorous  vibrations  to  the  labyrinth.  It  must  be  remembered 
that  the  handle  of  the  malleus  is  closely  attached  to  the  membrana  tympani,  especially 
near  its  lower  end.  Near  the  short  process,  the  attachment  is  looser  and  there  is  even 
an  incomplete  joint-space  at  this  point.  The  long  process  is  attached  closely  to  the 
Glasserian  fissm-e  of  the  temporal  bone. 

The  malleus  is  articulated  with  the  incus  by  a  very  peculiar  joint,  which  has  been 
accurately  described  by  Helmholtz.  This  joint  is  so  arranged,  presenting  a  sort  of  cog, 
that  the  handle  of  the  malleus  can  rotate  only  outward ;  and,  when  a  force  is  applied 
which  would  have  a  tendency  to  produce  a  rotation  inward,  the  malleus  must  carry  the 
incus  with  it.  This  mechanism  has  been  aptly  compared  by  Helmholtz  to  that  of  a 
watch-key  with  cogs  which  are  fitted  together  and  aUow  the  whole  key  to  turn  in  one 
direction,  but  are  separated  so  that  only  the  upper  portion  of  the  key  turns  when  the  force 
is  applied  in  the  opposite  direction.  In  the  articulation  between  the  malleus  and  the 
incus,  the  only  difference  is  that  there  is  but  one  cog  ;  but  this  is  suflacient  to  prevent  an 
independent  rotation  of  the  malleus  inward.  This  enables  us  to  imderstand  the  action 
of  the  tensor  tympani  muscle.  By  the  contraction  of  this  muscle,  "  all  the  bands  which 
give  firmness  to  the  position  of  the  ossicles  are  rendered  tense.  This  muscle,  in  the  first 
place,  draws  the  handle  of  the  hammer  inward,  and  with  it  the  membrana  tympani.  At 
tlie  same  time  it  pulls  upon  the  axis-band  of  the  hammer,  drawing  it  inward  and  putting 
it  upon  the  stretch.  Another  effect,  as  we  have  shown,  is  to  di-aw  tlie  head  of  the  ham- 
mer away  from  the  tympano-incudal  joint,  to  tighten  all  the  ligaments  of  the  anvil,  those 
toward  the  hammer  as  well  as  those  at  the  end  of  its  short  process,  and  to  lift  the  latter 
up  from  its  bony  bed.  In  this  way  the  anvil  is  brought  into  the  position  where  the  cogs 
of  the  malleo-incudal  joint  fit  into  one  another  the  tightest.  Finally,  the  long  process 
of  the  anvil  is  compelled  to  form  a  rotation  inward  in  company  with  the  handle  of  the 
hammer ;  in  so  doing,  as  we  shall  see  fui-ther  on,  it  presses  upon  the  stirrup  and  drives 
it  into  the  oval  window  against  the  fluid  of  the  labyrinth. 

"In  this  respect  the  construction  of  the  ear  is  very  remarkable.  By  the  contraction 
of  the  single  mass  of  elastic  fibres  constituting  the  tensor  tympani  (whose  tension,  besides, 
is  variable  and  may  be  adapted  to  the  wants  of  the  ear)  all  the  inelastic  tendinous  liga- 
ments of  the  ossicles  are  simultaneously  put  upon  the  stretch."  (Helmholtz.) 

The  body  of  the  incus  is  attached  to  the  posterior  bony  wall  of  the  tympanic  cavity. 
Its  articulation  with  the  malleus  has  just  been  indicated.  By  the  extremity  of  its  long 
process,  it  is  also  articulated  with  the  stapes,  which  completes  the  chain.  In  sitti,  the 
stapes  forms  nearly  a  right  angle  with  the  long  process  of  the  incus. 

The  stapes  is  articulated  with  the  incus,  as  indicated  above,  and  its  oval  base  is  applied 
to  the  fenestra  ovaMs.  Surrounding  the  base  of  the  stapes,  is  a  ring  of  elastic  fibro-carti- 
lage,  which  is  closely  united  to  the  bony  wall  of  the  labyrinth,  by  an  extension  of  the 
periosteum  over  the  base  of  tiie  stapes. 

"The  relation  of  the  stirrup  to  the  anvil  is  such  that,  if  the  handle  of  the  hammer  be 
drawn  inward,  the  long  process  of  the  anvil  presses  firmly  against  the  knob  of  the  stirrup; 
the  same  takes  places  if  the  capsular  ligament  between  both  bo  out  through."  (Helm- 
holtz.) 

The  articulations  between  the  malleus  and  the  incus  and  between  the  incus  and  the 
stapes  are  so  arranged  that,  when  the  membrana  tympani  is  forced  outward,  as  it  may 
be  by  inflation  of  the  tympanic  cavity,  there  is  no  danger  of  tearing  the  stapes  from  its 
attachment  to  the  fenestra  ovalis  ;  for,  when  the  handle  of  the  malleus  is  drawn  outward, 
the  cog-joint  between  the  malleus  and  the  incus  is  loosened  and  no  great  traction  can  be 
exerted  upon  the  .stapes. 

Although  experiments  have  demonstrated  ])rctty  conclusively  the  mefilianism  of  the 
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ossicles  and  the  aotioa  of  tlio  tensor  tympani  muscle,  both  as  regards  tlie  chain  of  bones 
and  the  niembrana  tympani,  direct  observations  are  wanting  to  show  tlie  exact  relations 
of  tlicse  ditferout  conditions  of  the  ossicles  and  of  the  membrane  to  the  piiysiology  of 
audition.    One  very  important  physical  point,  however,  which  has  been  the  subject  (jf 
much  discussion,  is  settled.    The  chain  of  bones  acts  as  a  single  solid  body  in  conducting 
vibrations  to  the  labyrinth.    It  is  a  matter  of  physical  demonstration  that  vibrations  of 
the  bones  tbemselves  would  be  infinitely  rapid  as  compared  witli  the  highest  tones  which 
can  be  appreciated  by  the  ear,  if  it  were  possible  to  induce  in  these  bones  regular  vibra- 
tions.   Practically,  then,  the  ossicles  have  no  independent  vibrations  that  we  can  appre- 
ciate.   This  being  the  fact,  the  ossicles  simply  conduct  to  the  labyrinth  the  vibrations 
induced  in  the  membrana  tympani  by  sound-waves ;  and  their  arrangement  is  such  tliat 
these  vibrations  lose  very  little  in  intensity.    While  it  has  been  shown  experimentally 
that  the  amplitude  of  vibration  in  the  membrana  tympani  and  the  ossicles  diminishes 
with  the  tension  of  the  membrane,  it  would  seem  that,  when  the  tensor  tympani  con- 
tracts, it  must  render  the  conduction  of  sound-waves  to  the  labyrmth  more  delicate  than 
when 'the  auditory  apparatus  is  in  a  relaxed  condition,  which  we  may  compare  with  the 
"  indolent "  condition  of  the  apparatus  of  accommodation  of  the  eye.    Wheh  the  mem- 
brana tympani  is  relaxed  and  the  cog-like  articulation  between  the  malleus  and  the  incus 
is  loosened,  the  vibrations  of  the  membrane  and  of  the  malleus  may  have  a  greater  ampli- 
tude ;  but,  when  the  malleo-incudal  joint  is  tightened  and  the  stapes  is  pressed  against 
the  fenestra  ovalis,  the  loss  of  intensity  of  vibration  in  conduction  through  the  bones  to 
the  labyrinth  must  be  reduced  to  the  minimum.    With  this  view,  the  tensor  tympani 
muscle  while  it  contracts  to  secure  for  the  membrana  tympani  the  degree  of  tension 
most  favorable  for  vibration  under  the  influence  of  certain  tones,  puts  the  chain  of  bones 
in  the  condition  best  adapted  to  the  conduction  of  the  vibrations  of  the  membrane  to  the 
labyrinth,  with  the  smallest  possible  loss  of  intensity. 

Physiological  Anatomy  of  the  Internal  Ear. 

The  internal  ear  consists  of  the  labyrinth,  which  is  divided  into  the  vestibule,  semi- 
circular canals,  and  cochlea.  The  general  arrangement  of  these  parts  has  already  been 
described;  and  it  remains  for  us  only  to  study  the  structures  contained  withm  the  bony 
labyrinth,  in  so  far  as  their  anatomy  bears  upon  the  physiology  of  audition.  The  most 
delicate  and  complicated  points,  by  far,  in  the  anatomy  of  the  auditory  apparatus  are 
connected  with  the  histology  of  the  internal  ear,  which,  since  the  researches  of  Corf,  has 
been  studied  very  closely,  particularly  in  Germany.  We  shall  avoid,  however,  the  dis- 
cussion of  histological  questions  of  purely  anatomical  interest  and  confine  ourselves  to 
those  points  which  have  a  direct  bearing  upon  physiology. 

Passing  inward  from  the  tympanum,  the  first  division  of  the  internal  ear  is  the  ves- 
tibule. This  cavity  communicates  with  the  tympanum  by  the  fenestra  ovali^.,  whK.h  is 
closed  in  the  natural  state  by  the  base  of  the  stapes.  It  comm^m^cates,  also,  xMth  the 
semicircular  canals  and  with  the  cochlea. 

General  Arrangement  of  tU  Me,nlranous  Z«%n«.*/.-The  ^^^^^J^ 
by  a  moderately  thick  periosteum,  consistmg  of  connective  tissue,  a  few  de  i  nte  ela.t  c 
fijres,  numerous  nuclei,  and  blood-vessels,  with  spots  of  f  ;nd  fen^ 

membrane  adheres  closely  to  the  bone  and  extends  oyer  Uie  '^-'f^^^l'^l^^^^^ 
tra  rotunda.   Its  inner  surface  is  s.noothand  covered  with  ^^^^^  'ft^iZL 
ment-epithelium,  which  in  some  parts  is  segmented  and  in  otheis  oim. 
nucleated  sheet.    In  certain  portions  of  the  vestibule  and  ^^micircidar  canalj  th  peno 
teum  is  united  to  the  membranous  labyrinth,  more  or  less       f  ^>  J^^^^!;';^^;^; 
which  have  been  called  ligaments  of  the  laby-nnt  ^    ^he  -es.  a  i^^^^^^^^^^^ 
between  the  cavity  of  the  tympanum  and  the  cochlea,  is  cioscu  u 
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by  an  oxtcusiou  of  tho  periostoum  lining  tlie  cocliloa,  on  tlio  one  side,  and  the  mucous 
membrane  lining  tho  tympanic  cavity,  on  the  other. 

In  the  bony  vestibivle,  occupying  about  two-thirds  of  its  cavity,  arc  two  distinct  sacs; 
a  largo,  ovoid  sac,  the  utricle,  situated  in  tho  upper  and  posterior  portion  of  the  cavity, 
and  a  smaller,  rounded  sac,  the  saccule,  situated  in  its  lower  and  anterior  portion.  Tho 


Fig.  iM.— Diagram  of  the  lahijrinth,  vestibule,  and  semicircular  canals.    From  .a  photogi-apb,  and  soracwliat 

reduced.  (Kudinger.) 

Upper  flgnre:  I,  utricle;  2,  saccule;  3,  5,  membranous  cochlea;  4,  canalis  reunier.s  ;  6,  seraicii-cular  canals. 

Lower  figure:  1,  utricle  ;  2,  saccule;  3,  4,  6,  ampulte  ;  .5,  7,  8,  9.  semicircular  canals;  10.  auditory  nerve  (partly  di.i- 

grammatic) ;  11, 12, 13,14, 1 5,  distribution  of  the  branches  of  tlie  nerve  to  the  vestibule  and  the  semicircular  canals; 

Iti,  ganglioforui  enlargement. 

utricle  communicates  with  the  semicircular  canals;  and  the  saccule  opens  into  the  mem- 
branous canal  of  the  cochlea  by  the  canalis  reunions.  At  a  point  in  tlie  utricle  corro- 
s[)onding  to  the  entrance  of  a  branch  of  the  auditory  nerve,  is  a  round,  whitish  spot,  called 
the  acoustic  spot  (macula  acustica),  containing  otoliths,  or  otoconia,  which  are  attached 
to  the  inner  surface  of  the  membrane.  A  similar  spot,  containing  otoliths,  exists  in  the 
saccule  at  the  point  of  entrance  of  its  nerve.  Otoliths  are  also  found  in  tlie  arapullie  of  the 
semicircular  canals.  These  calcareous  masses  are  composed  of  crystals  of  carbonate  of  lime, 
which  are  hexagonal  and  pointed  at  their  extremities.  Nothing  definite  is  known  of  the 
function  of  these  calcareous  bodies,  which  exist  in  man,  mammals,  birds,  and  reptiles. 

The  membranous  semicircular  canals  occupy  about  one-third  of  the  cavity  of  the  bony 
canals.  They  present  little  ovoid  dilatations,  called  ampullm,  corresponding  to  tho  ampul- 
lary  enlargements  of  tho  bony  canals. 

The  membrane  of  the  cochlea,  including  the  lining  periosteum,  occupies  the  spiral 
canal  of  the  cochlea,  which  it  fills  completely.    Viewed  externally,  it  appears  as  a  single 
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tube,  following  the  turns  of  the  bony  coolilea,  beginning  below,  at  the  first  turn,  by  a 
blind  extremity,  and  terminating  in  a  blind  extremity  at  tlie  summit  of  the  coclilea.  If 
wo  make  a  section  of  the  cochlea  in  a  direction  vertical  to  its  coils,  it  will  be  seen  that 
this  canal  is  divided,  partly  by  bone  and  partly  by  membrane,  into  an  inferior  portion,  a 
superior  portion,  and  a  triangular  canal,  lying  between  the  two,  which  is  external.  The 
bony  septum  is  iu  tlic  form  of  a  spiral  plate,  extending  from  the  central  column  (the 
modiolus)  into  the  cavity  of  the  cochlea,  about  half-way  to  its  external  wall,  and  termi- 
nating above  in  a  hook-shaped  extremity^  called  the  hamulus.  The  free  edge  of  this 
bony  lamina  is  thin  and  dense.  Near  the  central  coluuni,  it  divides  into  two  plates, 
with  an  intermediate  spongy  structure  in  which  are  lodged  vessels  and  nerves.  The 
surface  of  the  bony  lamina  looking  toward  the  base  of  the  coclilea  is  marked  by  nuna-r- 
ous  regular,  transverse  ridges,  or  strios. 
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Fio  idb— Otoliths  from  various  animals.  (Eudinger.) 
1  from  the  coat  •  2  from  the  herrin-  ;  3,  from  the  devil-flsh  ;  4,  from  the  mackerel;  5,  from  the  flying-fish  ;  6.  from 

Attached  to  the  free  margin  of  the  bony  lamina,  is  a  membrane  (the  membrana  basi- 
laris)  which  extends  to  the  outer  wall  of  the  cochlea.  Iu  this  way,  the  canal  of  the  cochlea 
is  divided  into  two  portions,  one  above  and  the  other  below  the  septum.  The  portion 
below  begins  at  the  fenestra  rotunda  and  is  called  the  scala  tympan..  The  portion 
above,  exclusive  of  the  triangular  canal  of  the  cochlea,  communicates  with  the  vestibule 
and  is  called  the  scala  vestibnli.  .   ,.  i.  i 

Above  the  membrana  basilaris,  is  a  membrane  (the  limbus  lammm  spiralis)  the  external 
continuation  of  which  is  called  the  membrana  tectoria,  or  the  membrane  of  Corb.  Be- 
tween the  membrana  tectoria  and  the  membrana  basilai-is,  is  the  organ  of  Corti.  llie 
membrane  of  Reissner  extends  from  the  inner  portion  of  the  limbus  upward  and  outward 
to  the  outer  wall  of  the  cochlea.  This  divides  the  portion  of  the  cochlea  situated  above 
the  scala  tympani  into  two  portions;  an  internal  portion,  the  scala  vestibuh,  and  an 
external,  triangular  canal,  called  the  canalis  cochleas,  or  the  membranous  cochlea 

In  the  anatomical  description  of  the  contents  of  the  bony  cochlea,  the  membranous 

parts  may  be  designated  as  follows  :  „  ,  i„   ; 

1.  The  portion  below  the  bony  and  membranous  septum,  called  tiie  scala  tympani. 
This  is  formed  by  the  periosteum  lining  the  corresponding  portion  of  the  cochlea  and  the 
under  surface  of  the  bony  lamina,  and  the  membrana  l>nsilaris. 
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2.  The  sciila  vostibuli.  This  is  formed  by  tlie  periostenm  lining  the  corresponding 
portion  of  the  bony  cochlea  and  the  upper  surface  of  the  bony  septum  and  is  bounded 
externally  by  the  membrane  of  Reissner. 

3.  The  true  membranous  cochlea.  This  is  the  spiral  triangular  canal,  bounded  ex- 
ternally by  the  periosteum  of  the  corresponding  portion  of  the  wall  of  the  cochlea, 


Fig.  266.— Section  of  the,  first  inrn  of  the  spiral  canal  of  a  cat  ne\iily-horn.— Section  of  the  cochlea  of  a  human 
f(ctm  at  the  fourth  month.    From  a  photoffrapli,  and  somewhat  i-ednced.  (Eiidinger.) 

t'pper  figure  :  1,  2,  6,  lamina  spiralis ;  2,  lower  plate  :  3, 4, 5,  Tj.  nervus  cochlearis  ;  7,  membrane  of  Eeissner;  8,  mem- 
brana  tectoria;  0,  epithelium  ;  10, 11,  pillars  of  Corti;  12,  inner  hair-cells;  13,  outer  hau--cells ;  14,  lU,  membrana 
basilaris;  15,  epithelium  in  the  sulcus  spiralis;  17,  IS,  19,  llgamentum  spirale;  20,  spiral  canal  below  the  membrana 
basilarls. 

Lower  figure:  S  T,  8  T,  5,  5,  7,  7,  8, 8,  scala  tympani ;  S  V,  S  V.  9,  9,  scala  vestibull;  1,  base  of  the  cochlea ;  2,  apex ; 
3,  4,  central  column;  10,  10,  10,  10,  ductus  cochlearis;  11,  branches  of  the  nervua  cochlearls ;  12,12,12,  spiral 
ganglion ;  13,  14,  limbus  lamina)  spiralis ;  15.  membrane  of  Keissner ;  IC,  epithehum  ;  17,  outer  hair-cells;  IS, 
epithelium  of  the  membrana  basilarls ;  19,  nervous  filaments ;  20,  union  of  the  membrana  basilaris  vnth  the 
ligameiitum  spiralo  ;  21,  epithelium  of  the  peripheral  wall  of  the  ductus  cochlearis;  22,  28,  membrana  tectoria; 
24,  spiral  canal  below  the  membrana  basilaris. 

internally,  by  the  membrane  of  Reissner,  and,  on  the  other  side,  by  the  membrana  basi- 
laris.' "Wiiat  we  thus  call  the  membranous  cochlea  is  divided  by  the  limbus  laminoo  spi- 
ralis and  the  membrana  tectoria  into  two  portions ;  a  triangular  canal  above,  which  is  the 

'  Some  anatomists  Include  this  canal  in  the  scala  vestibull.  For  the  sake  of  clearness,  we  describe  it  by  Itself,  as  u 
distinct  canal. 
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larger,  and  a  quadrilateral  canal  below,  between  the  limbus  and  menibrana  tectoria  and 
the  menibrana  hasilaris.  The  (iiiadrilateral  canal  contains  the  organ  of  Corti  and  various 
structures  uf  a  very  complicated  character.  Tlio  relations  of  these  divisions  of  the  cochlea, 
a  knowledge  of  which  is  essential  to  the  comprehension  of  the  pliysiological  anatomy  of 
this  portion  of  the  auditory  apparatus,  are  shown  in  Fig.  200. 

The  membranous  cochlea,  as  described  above,  follows  the  spiral  course  of  the  cochlea, 
terminates  superiorly  in  a  blind,  pointed  extremity  at  the  cupola,  beyond  the  hamulus, 
and  is  connected  below  with  the  saccule  of  the  vestibule  by  the  canalis  reuniens.  Tlie 
relations  of  the  different  portions  of  the  membranous  cochlea  to  each  other  and  to  the 
scala3  of  the  cochlea  are  shown  in  Fig.  206. 

"We  shall  now  describe,  as  possessing  the  most  physiological  interest,  the  liquids  of  the 
labyrinth,  the  distribution  and  connections  of  the  nerves  in  the  labyi-inth,  and  the  organ 
of  Oorti. 

Liquids  of  the  LalyrintJi.—Ihe  labyrinth  contains  a  certain  quantity  of  a  clear, 
watery  liquid,  called  the  humor  of  Cotugno,  or  of  Valsalva.  A  portion  of  this  liquid 
surrounds  the  membranous  sacs  of  the  vestibule,  the  semicircular  canals,  and  the  mem- 
branous cochlea,  and  this  is  known  as  the  perilymph  of  Bresohet.  Another  portion  of 
the  liquid  fills  the  membranous  labyrinth.  This  is  sometimes  caUed  the  humor  of  Scarpa, 
but  it  is  known  more  generally  as  the  endolymph  of  Breschet.  The  perilymph  occupies 
about  one-third  of  the  cavity  of  the  vestibule,  of  the  semicircular  canals,  and  of  both  scate 
of  the  cochlea.  Both  this  liquid  and  the  endolymph  are  clear  and  watery,  becommg 
somewhat  opalescent  on  the  addition  of  alcohol.  The  perilymph  seems  to  be  secreted 
by  the  periosteum  lining  the  osseous  labyrinth.  As  far  as  we  know,  the  uses  of  the 
liquid  of  the  internal  ear  are  to  sustain  the  delicate  structures  contamed  in  this  portion 
of  the  auditory  api)aratus  and  to  conduct  sonorous  vibrations  to  the  terminal  filaments 
of  the  auditory  nerves  and  the  parts  with  which  they  are  connected. 

Distribution  of  the  Nerves  in  the  Laiyrinth.-As  the  auditory  nerves  enter  the  inter- 
nal auditory  meatus,  they  divide  into  an  anterior,  or  cochlear,  and  a  posterior,  or  vestib- 
ular branch.  The  vestibular  branch  divides  into  three  smaller  branches,  a  superior  and 
anterior,  a  middle,  and  a  posterior  branch.  The  superior  and  anterior  branch  the  largest 
of  the  three,  is  distributed  to  the  utricle,  the  superior  semicircular  canal,  and  the  external 
semicircular  canal.  The  middle  branch  is  distributed  to  the  saccule  The  posterior 
branch  passes  to  the  posterior  semicircular  canal.  The  nerves  distributed  to  the  utricle 
and  saccule  penetrate  at  the  points  occupied  by  the  otoliths,  and  the  going  the 

semicircular  canals  pass  to  the  ampulla3,  which  also  contam  otoliths,  /f/^  ^J;  26*0 
each  ampnUa,  at  the  point  where  the  nerve  enters,  is  a  transverse  fold  projectmg  into 
the  cand  and  occupying  about  one-third  of  its  circumference,  called  the  septum  trans- 

"'Z'  nerves  terminate  in  essentially  the  same  way  in  the  sacs  of  the  vestibule  and  the 
ampullar  of  the  semicircular  canals.    At  the  points  where  the  nerves  enter,  in  addition 
oThe  otoliths,  are  cells  of  cylindrical  opitl^elium,  of  various  forms  which  i-^^^^^^^^ 
into  the  general  pavement-epithelium  of  the  cavities.    In  addition  to  ff'^;;;;, 
form,  nucleated  bodies,  the  free  ends  of  which  are  provided  with  ^^^^^-^^Jf  Pl*;^^^^^^^ 
eallek  fila  acustica.    These  are  about  ,hs  of  an  inch  in  length  and  ^^J^^^ 
quite  a  regular  manner  around  the  otoliths.    The  nerves  form  ^^^^^^^^^^^ 
Seneath  th^  epithelium,  and  they  probably  terminate  in  the  fusitorm  ^^of  ^Se  S 
as  presenting  the  fila  acustica  at  their  free  extremities    In  f_^<^^ 
and  in  the  semicii-cular  canals,  nerves  exist  only  in  the  macula  acustica 

'"C^ochlear  division  of  the  auditory  nerve  breaks  up  into 

which  pass  through  foramina  at  the  base  of  the  cochlea,  ni  what calkd  the  t. act 
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spiralis  forainiiuileutus.  These  follow  the  axis  of  the  cochlea  and  pass  in  their  course 
toward  the  apex,  between  the  plates  of  the  bony  spiral  lamina.  Between  these  plates  of 
bone,  the  dark-bordered  nerve- 
fibres  pass  each  ojie  through  a 
bipolar  cell,  these  ceDs  together 
forming  a  spiral  ganglion,  known 

as  the  ganglion  of  Corti.  Beyond  HUfck-..  .^^imfff^.  \ 

this  ganglion,  the  nerves  foi-m  an 
anastomosing  plexus  and  finally 
enter  the  quadrilateral  canal,  or 
the  canal  of  Corti.  As  they  pass 
into  this  canal,  they  suddenly  be- 
come pale  and  exceedingly  fine, 
and  probably  they  are  connected 
finally  with  the  organ  of  Corti, 
although  their  exact  mode  of  ter- 
mination has  not  yet  been  deter- 
mined. The  course  of  the  nerve- 
fibres  to  their  distribution  in  the 
cochlea  is  shown  in  Fig.  267. 


Fig.  267.  Distrihiiiion  of  the  cochlear  nerve  in  the  spiral,  lamina- 

of  the  cochlea  (the  cochlea  is  from  the  right  side  and  is  seen 
from  its  antero-inferior  part).  (Sappey.) 
1,  trunk  of  the  cochlear  nerve  ;  2,  2,  2,  membranous  zone  of  the  spiral 
lamina;  3,  3,  3,  terminal  expansion  of  the  cochlear  nerve  exposed  in 
its  whole  extent  by  the  removal  of  the  superior  plate  of  the  lamina 
spii-ahs;  4,  oiiflce  of  communication  of  the  scala  tympani  with  the 
scala  vestibuli. 


Organ  of  Corti. — Of  all  the 
parts  contained  within  the  bony 
labyrinth,  the  organ  of  Corti  pos- 
sesses the  greatest  physiological  interest ;  for  it  is  this  organ  which  is  supposed  to  receive 
the  sonorous  vibrations  and  communicate  them  directly  to  the  terminal  filaments  of  the 
auditory  nerves.  Although  this  view  has  not  received  the  support  of  actual  demonstra- 
tion, it  aftbrds  an  explanation,  more  or  less  plausible,  of  the  mechanism  of  audition,  car- 
ried to  the  point  of  the  actual  reception  of  impressions  by  the  nerves.  In  view  of  this, 
it  is  important  to  have  a  clear  comprehension  of  the  arrangement  of  those  parts  which 
are  supposed  to  receive  the  sonorous  vibrations ;  and  we  shall,  for  the  sake  of  simplicity, 
eliminate  fi-om  our  description  certain  accessory  structures,  the  functions  of  which  are 
obscure. 

In  the  quadrilateral  canal,  bathed  in  the  endolympli,  throughout  its  entire  spiral 
course,  is  an  arrangement  of  pillars,  or  rods,  regular,  like  the  strings  of  a  harp  in  minia- 
ture, which  are  supposed  to  repeat  the  varied  vibrations  of  sound.  These  are  the  pillars 
of  Corti. 

The  structures  contained  in  the  quadrilateral  canal  are  so  delicate  that  their  investi- 
gation presents  great  difficulty ;  but  the  arrangement  of  the  pillars,  or  rods  of  Corti  is 
pretty  well  understood.  These  pillars  are  external  and  internal,  with  their  bases  attached 
to  the  basilar  membrane,  and  their  summits  articulated  above,  so  as  to  form  a  regular, 
spiral  arcade,  enclosing  a  triangular  space,  which  is  bounded  below  by  the  basilar  mem- 
brane. The  number  of  the  elements  of  the  organ  of  Corti  is  estimated  at  about  3,500,  for 
the  outer,  and  5,200,  for  the  inner  rods,  the  proportion  of  inner  rods  to  the  outer  being 
about  three  to  two.  The  relations  of  these  structures  to  the  membranous  labyrinth  are 
seen  in  Fig.  266.  The  external  pillar  is  longer,  more  delicate  and  rounded,  and  is  also 
attached  to  the  basilar  membrane.  The  form  of  the  pillars  is  more  exactly  shown  in 
Figs.  268  and  269,  the  latter  figure,  however,  exhibiting  other  structures  which  enter 
into  the  constitution  of  the  organ  of  Corti.  It  wiU  be  remarked  that  a  small  nucleated 
body  is  attached  to  the  base  of  each  pillar.  At  the  summit,  where  the  internal  and  the 
, external  pillars  are  joined  together,  is  a  delicate  prolongation,  directed  outward,  which 
is  attached  to  the  covering  of  the  quadrilateral  canal. 

The  above  description  comprises  about  all  that  is  definitely  known  of  the  arrangement 
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of  the  pillars,  or  rods  of  Oorti.    They  are  nearly  homogeneous,  except  when  treated  with 
reagents,  and  are  said  to  be  of  about  the  consistence  of  cartilage.    They  are  closely  set 
together,  with  very  narrow  spaces  between  them,  and  it  is  difficult  to  see  how  they  can  , 
be  stretched  to  any  considerable  degree  of  tension.    The  arch  is  longer  at  the  summit 


Kia .  203.—  The,  two  pillars  of  the  organ  of  Corti.  (Sappoy.) 
A,  external  pillar  of  the  organ  of  Corti :  1,  body,  or  middle  portion  ;  2,  posterior  extremity,  or  base;  3  "i?"  ?° ''1'°' 
tornal  side;  4,  anterior  extremity ;  0,  eon  vex  surface  by  which  it  is  jomed  to  the  mternal  pillar ;  G,  prolongaUon 

B  Internal  rJil'lar™  f  the  organ  of  Corti :  1,  body,  or  middle  portion ;  2,  posterior  extremity ;  3,  cell  on  its  external  side; 
'   4,  iSterC  extremity ;  5^  s'"*™  by  "'hich  it  is  j.-ined  to  the  external  pillar;  6,  prolongation,  Ijang  above 

tiie  corresponding  prolongation  of  the  external  pillai'.  .  ,    «    „„„„„„;*„  „f 

0,  the  two  pil  ars  of  the  organ  of  Corti,  united  bv  their  anterior  extremity  and  forming  an  arcade  the  ^oncav  y  of 
'    which  presents  outward:  1,  1,  body,  or  midcfle  portion  of  the  pdars;  2,  'i;,P°st';'-'°'-  ""^^^^^ 

tached  to  the  posterior  extremities;  4,  4,  anterior  extremities  jomed  together;  5,  termmal  prolongation  ot  this 
extremity. 

than  at  the  base  of  the  cochlea,  the  longest  rods,  at  the  summit,  measuring  about  of 
an  inch,  and  the  shortest,  at  the  base,  about  ^  of  an  inch.  As  we  before  remarked,  the 
relations  between  the  pillars  and  the  terminal  filaments  of  the  auditory  nerves  are  not 
definitely  settled. 

In  addition  to  the  pillars  just  described,  various  cellular  elements  enter  into  the  struct- 
m-e  of  the  organ  of  Corti.    The  most  important  of  these  are  the  inner  and  the  outer  hair- 


f- 


b  V 

'I  section  of  the  organ  of  uorn  vj  me  u.uy ,  v-!^  800  , 

of  the  baslL-  membrane;     tynipanie  la^er  with  m^^^^^^ 
ympanic  lip  of  the  crista  spiralis      thickened  portion  ^ 


Via.  OGO.-Vertical  section  of  the  organ  of  CoHi  of  «'f<^,"ai«^^,^lf^^^^^ 
a-6,  homogeneous  layer  of  i 

nective  tissue;       tympanic    ,  .  ,,,nor  nmr-ri'ii  mi-ii      u...--   .  

vessel;  e,  blood-vessel ; /,  h,  bundle  of  nerves;  p  epi  hehum  ™cr  pil  ai"  o  te^  of  the'outer  pillar ;  p,g. 

plate  of  the  inner  pillar ;  m,  union  of  the  two  pillars  ^"f  ,  "j",!,^^^^^^^  Uensen's  proi.-cell ;  W,.  lauiina 
r,  outer  hair-cells;  witli  traces  of  the  cilia;  «  bases  of  two  othei  hair  cells,  z,  ui  i  i 

reticularis;  ic,  nerve-fibre  passing  to  the  first  hair-cell,  p. 


cells. 


The  inner  hair-cells  are  arranged  in  a  single  row,  and  the  outer  hair-  ells  m  lu 
rows.    Nothing  definite  is  known  of  the  function  of  these  cells,  elat.o^^^ 
parts  are  shown  in  Fig.  269,  which  is  rather  complex,  but,  on  careful  study,  gnes  a  good 
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idea  of  the  arrangement  of  aU  of  the  structures  which  compose  the  organ  of  Corti.  It  is 
supposed  by  some  anatomists  that  the  filaments  of  tlie  auditory  nerves  terminate  in  the 
cells  above  described ;  but  this  point  is  not  definitively  settled. 

Fimctiona  of  Different  Farts  of  the  Internal  Ear. 

The  precise  function  of  the  different  parts  which  are  found  in  the  internal  ear  is 
obscure,  notvvitlistanding  the  careful  researches  that  have  been  made  into  the  anatomy 
and  the  physiology  of  the  labyrinth.  There  are  several  points,  however,  bearing  upon 
the  physiology  of  this  portion  of  the  auditory  apparatus,  concerning  which  there  can  bo 
no  doubt : 

First,  it  is  certain  that  impressions  of  sound  are  received  by  the  terminal  filaments  of 
the  auditory  nerves  and  by  these  nerves  are  conveyed  to  the  brain. 

Second,  the  functions  of  the  parts  composing  the  external  and  the  middle  ear  are 
simply  accessory.  The  sonorous  waves  are  collected  by  the  pavilion  and  are  conveyed 
by  the  external  meatus  to  the  middle  ear  ;  the  membrana  tympani  vibrates  under  their 
influence ;  and  they  are  thus  collected,  repeated,  and  transmitted  to  the  internal  ear, 
under  the  most  favorable  conditions  for  producing  a  proper  impression  upon  the  auditory 
nerves. 

In  view  of  these  facts,  we  must  look  to  the  functions  of  semicircular  canals  and  the 
cochlea,  for  an  elucidation  of  the  problem  of  the  mechanism  of  the  final  process  of  audi- 
tion ;  and,  in  doing  this,  we  come  at  once  to  the  question  of  the  relative  importance  of 
difi"erent  divisions  of  the  internal  ear. 

Functions  of  the  Semicircular  Canals. — In  a  memoir  presented  to  the  French  Acad- 
emy of  Sciences,  in  1824,  Flourens  detailed  a  number  of  experiments  upon  pigeons  and  rab- 
bits, in  which  he  destroyed  different  portions  of  the  internal  ear.  In  these  experiments, 
the  results  of  which  were  very  definite,  it  was  shown  that  destruction  of  the  semicircular 
canals  had  apparently  no  effect  upon  the  sense  of  hearing,  while  destruction  of  the  coch- 
lea upon  both  sides  produced  complete  deafness.  In  addition,  it  was  observed  that 
destruction  of  the  semicircular  canals  on  both  sides  was  followed  by  remarkable  dis- 
turbances in  equOibration.  The  animals  could  maintain  the  standing  position,  but,  as 
soon  as  they  made  any  movements,  "  the  head  commenced  to  be  agitated ;  and  this 
agitation  iucreasing  with  the  movements  of  the  body,  walking  and  all  regular  move- 
ments finally  became  impossible,  in  nearly  the  same  way  as  when  equilibrium  and  stabil- 
ity of  movements  are  lost  after  turning  several  times  or  violently  shaking  the  head." 
These  observations  of  Flourens,  at  least  as  far  as  regards  the  influence  of  the  semicircular 
canals  upon  equilibration,  have  been  confirmed  by  Goltz  and  are  sustained  by  observa- 
tions upon  the  human  subject  in  the  condition  known  as  Meniere's  disease.  In  some  more 
recent  experiments,  however,  Boettcher  assumes  to  have  demonstrated  that  tlie  semi- 
circular canals  have  nothing  to  do  with  equDibration ;  but  all  of  his  observations  were 
made  upon  frogs,  ia  which  deficiency  of  equilibration  and  of  hearing  would  be  very  diffi- 
cult to  determine.  As  far  as  we  can  judge  from  ex])erimental  data,  it  does  not  seem 
probable  tlaat  the  nerves  directly  concerned  in  audition  are  distributed  to  any  consid- 
erable extent  in  the  semicircular  canals.  Indeed,  the  function  of  these  parts  is  exceed- 
ingly obscure ;  for  we  can  hardly  admit,  upon  purely  anatomical  grounds,  that  they  are 
concerned  in  tl)e  discrimination  of  the  direction  of  sonorous  vibrations,  an  idea  which 
has  been  advanced  by  some  physiologists. 

Functions  of  the  Parts  contained  in  the  Cochlea. — There  can  be  no  doubt  with  regard 
to  the  capital  point  in  the  physiology  of  the  cochlea  ;  namely,  that  those  bran-ches  of  the 
auditory  nerve  which  are  essential  to  the  sense  of  hearing  and  which  receive  the  impres- 
sions of  sound  are  distributed  mainly  in  the  cochlea.  When  wo  come  to  analyze  sonorous 
impressions,  we  find  that  they  possess  various  attributes,  such  as  intensity,  quality,  and 
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pitch,  which  havo  been  discussed  rather  I'lilly  under  tlie  head  of  tlie  physics  of  sound. 
As  far  as  the  terminal  iihunonts  of  the  auditory  nerve  are  concerned,  it  is  evident  that 
the  intensity  of  sound  is  appreciated  in  proportion  to  the  power  of  the  impression  made 
upon  these  nerves,  and  tliis  point  docs  not  demand  elaborate  discussion.  With  regard  to 
quality  of  sound,  wo  have  seen  that  this  is  due  to  the  form  of  sonorous  vibrations,  and 
that  most  musical  tones  are  compound,  their  quality  dependmg  largely  upon  the  relative 
power  of  the  harmonics,  partial  tones,  etc.  We  have  also  seen  that  consonating  bodies 
repeat  by  iniluence,  not  only  the  actual  pitch  of  tones,  but  their  quality.  If  there  be  in 
the  cochlea  an  anatomical  arrangement  of  rods  or  -fibres  by  which  the  sonorous  vibra- 
tions conveyed  to  th-e  ear  by  the  atmosphere,  are  repeated,  there  is  reason  to  believe 
that  the  quality,  as  well  as  the  pitch,  is  reproduced.  Narrowing  down  the  question, 
then  to  its  most  interesting  and  important  point,  viz.,  the  appreciation  of  differences  in 
the  pitch  of  musical  tones,  we  inquire  whether  there  be  in  the  cochlea  any  arrangement 
by  which  the  pitch  can  be  repeated.  This  inquiry  can  only  be  answered  by  a  study  of 
the  anatomical  arrangement  of  the  structures  connected  with  the  terminal  filaments  of 
the  nerves,  and  by  the  application  of  physical  laws. 

The  arrangement  of  tlie  rods  which  enter  into  the  structure  of  the  organ  of  Corti  has 
afforded  a  theoretical  explanation  of  tbe  final  mechanism  of  the  appreciation  of  pitch. 
Until  we  come  to  the  internal  ear,  the  action  of  different  portions  of  the  auditory  appa- 
ratus is  simply  to  conduct  and  repeat  sonorous  vibrations-;  and  the  sole  function  of  these 
accessory  parts,  aside  from  the  protection  of  the  organs,  is  to  convey  tbe  vibrations  to 
the  terminal  nervous  filaments.  Whatever  be  the  functions  of  the  membrana  tympam  in 
repeating  sounds  by  influence,  it  is  certain  that  this  membrane  possesses  no  true  auditory 
nerves  and  that  the  auditory  nerves  only  are  capable  of  receiving  impressions  of  sound. 
Thus,  heai-ing,  and  even  tlie  appreciation  of  piteh,  is  not  necessarily  lost  after  destruction 
of  th^  membrana  tympani ;  and,  if  sonorous  vibrations  reach  the  auditory  nerves,  they 
■will  be  appreciated  and  appreciated  correctly.  Witli  this  point_  clearly  understood,  we 
are  prepared  to  study  the  probable  functions  of  tbe  organ  of  Corti. 

When  we  consider  the  organ  of  Corti,  with  its  eight  thousand  or  more  rods  of  difler- 
ent  lengths  arranged  witb  a  certain  degree  of  regularity,  a  number  more  than  sufficient 
to  r  p°e  nt  all  tL  tones  of  the  musical  scale,  we  are  not  .surprised  that  eminent  pbysi- 
Ig  s  s  regard  them  as  capable  of  repeating  all  the  shades  07°-/-'-^, -J^;'^; 
H  imlioltz  formularizes  this  idea  in  tbe  tbeory  that  tones  conveyed  to  be  coehl  a  th  0. 
into  vibration  those  elements  of  tbe  organ  of  Corti  which  are  tuned  so  to  speak,  m  unison 
:[tltf:    According  to  this  hypothesis,  the  rode  of  Corti  constitute  a  harp  of  several 

-S:  t  :sir  -e^r  tor ^^.s:^  pi^:^ 

Tek  as  L  as  we  .now,  which  points  ^0^-^^^;^:;:^^^^ 

;Si;  rpplication  of  physical  laws  to  tbe  supposed  ,,,,  the 

Viewin^i  the  question  from  its  anatomical  aspect,  it  is  by  no  m^^;^^  ^^"'J     ^  . 
rodJ^f  Corti  are'so  attached  and  stretched  ^J^J  JJ^f  f^^^^^  ^se  irv   r a^t 
vidual  vibrations.    It  has  not  been  demonstrated  bat  Hensen, 
the  influence  of  certain  tones  or  that  tbey  are  ^^^^^^^^^  the  accu- 

who  has  written  elaborately  upon  the  very  question  under  cons'^^niical  arrangement  of 
racy  of  the  theory  of  Helmholtz,  basing  his  "P^-- ^^^^^^^  different  rods 

the  rods  of  Corti,  and  he  assumes  that  it  is  a  physical  impossibility 
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to  vibrato  individually,  and  tliat  it  is  not  certain  that  they  are  tuned  in  accord  with  differ- 
ent tones.    Hensen  makes,  upon  this  point,  the  following  statement : 

'•  It  is  now  my  conviction,  that  by  the  hypothesis  '  more  and  more  corroborated '  that 
the  fibres  of  Corti  constitute  the  organ  of  the  labyrinth  tuned  to  the  appreciation  of 
tones,  our  comprehension  and  the  investigation  of  the  internal  ear  have  taken  a  false 
direction. 

"  I  assert,  next,  that  the  rods  of  Corti  cannot  play  the  important  part  in  the  appreci- 
tion  of  tones,  -vvhicii  has  been  attributed  to  thom  in  the  hypothesis  of  Helmholtz." 

It  is  pretty  evident  that,  although  the  theory  of  Helmholtz  is  undoubtedly  the  only 
one  atfording  any  reasonable  explanation  of  the  appreciation  of  tones,  it  lacks  positive 
anatomical  confirmation.  And,  farthermore,  we  do  not  even  know  the  anatomical  con- 
nections between  the  rods  of  Corti  and  the  filaments  of  the  auditory  nerves. 

In  view  of  the  considerations  just  given,  we  have  simply  recited  the  theory  of  Du 
Verney,  Le  Cat,  and  Helmholtz,  as  one  which  may  or  may  not  be  sustained  hereafter  by 
more  exact  researches ;  but  at  present  it  must  be  acknowledged  that  there  is  no  more 
satisfactory  explanation  of  the  mechanism  of  the  final  appreciation  of  musical  tones. 

Summary  of  the  Mechanism  of  Audition. 

The  waves  of  sound  are  simply  collected  by  the  pavilion  of  the  ear  and  are  conveyed, 
through  the  external  meatus,  to  the  membrana  tympani.  The  membrana  tymj^ani,  a 
delicate,  rounded,  concave  membrane,  receives  these  waves  and  is  thrown  into  vibration. 

The  arrangement  of  the  bones  and  muscles  of  the  middle  ear  admits  of  variations  in 
the  tension  of  the  membrana  tympani.  By  increasing  the  tension  of  this  membrane,  the 
ear  may  be  rendered  insensible  to  grave  sounds,  while  high-pitched  sounds  become  more 
intense ;  and,  in  eases  of  voluntary  tension,  the  limit  of  perception  of  high  tones  may  be 
greatly  extended.  The  membrana  tympani  obeys  the  laws  of  consonance  and  vibrates 
strongly  under  the  influence  of  sounds  in  unison  or  in  harmony  with  its  fundamental 
tone,  returning,  in  this  way,  not  only  the  pitch,  but  the  quality  of  tones  and  combina- 
tions of  tones  in  harmony.  Destruction  of  the  membrane  does  not  necessarily  of  itself 
destroy  hearing,  or  even  the  appreciation  of  tones,  for  the  impressions  may  be  conduct- 
ed to  the  cochlea  by  the  chain  of  ossicles. 

The  arrangement  of  the  ossicles  and  muscles  of  the  middle  ear  is  such  that  contrac- 
tion of  the  tensor  tympani  renders  the  articulations  firm,  tightens  the  little  ligaments, 
and  presses  the  stapes  against  the  liquid  of  the  labyrinth,  so  that  the  chain  resembles,  in 
its  action,  a  solid  and  continuous  bony  rod.  By  this  arrangement,  the  sonorous  vibra- 
tions are  conducted  to  the  labyrinth  with  very  little  loss  of  intensity. 

The  cavity  of  the  tympanum  is  filled  with  air,  communicates  with  the  mastoid  cells, 
and  with  the  pharynx  by  means  of  the  Eustachian  tube ;  and,  by  this  means,  the  press- 
ure of  air  in  its  interior  is  regulated.  The  labyrinth,  consisting  of  the  vestibule,  semi- 
circular canals,  and  cochlea,  is  filled  with  liquid,  and  the  different  cavities  communicate 
with  each  other.  The  vibrations,  repeated  by  the  membrana  tympani,  are  conveyed  by 
the  chain  of  bones  to  the  liquid  of  the  labyrinth,  and  by  it  to  the  terminal  filaments  of 
the  auditory  nerves. 

The  vestibule  and  semicircular  canals  seem  to  possess  much  less  importance  in  the 
appreciation  of  sound  than  the  cochlea.  In  the  cochlea, , throughout  the  entire  extent  of 
the  spiral  canal,  is  the  organ  of  Corti,  presenting,  among  other  structures,  about,  8,700 
rods,  varying  in  length,  called  the  rods  of  Corti.  But  little  is  known  of  the  anatomical 
relations  between  the  auditory  nerves  and  the  orgaii  of  Corti ;  still,  it  is  thought,  as  a 
matter  of  pure  theory,  that  the  rods  of  Corti  are  tuned  in  unison  with  different  tones, 
that  they  repeat  the  tones  conveyed  to  the  cochlea,  and  that  we  are  thus  enabled  to  dis- 
tinguish the  different  tones  in  music. 

We  have  no  very  definite  knowledge  of  the  functions  of  the  cells  of  the  organ  of  Cor- 
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ti,  of  the  otoliths,  and  of  various  other  structures  in  the  auditory  apparatus.  Soun-k 
may  be  conducted  to  the  auditory  nerves  througli  the  hones  of  the  head  and  the  Eus- 
tachian tube,  as  is  shown  by  the  simple  and  familiar  expenu.ent  ol  placmg  a  tunmg-fork 
in  vibration  in  contact  with  the  head  or  between  the  teeth. 


CHAPTER  XXVI. 

ORGANS  AND  ELEMENTS  OF  GENERATION. 


■A  Upviinl  Mneration— Spontaneous  generation  (bo  caUed)— Female  organs  of  generation-Gon- 

""'"^tZ—Z^Zfe^^^^^^^  an/internal  organs-The  ovaries-Development  of  the  Graa- 

flan  ;  X-C?arov„  um_The  uterus-The  Fallopian  tubes-Structure  of  the  ovum-Vitelline  membrane- 
"-Germi  a  vesicle  and  germinal  spot-Discharge  of  the  ovum-Puberty  and  menstruat,oo-Descr,,>- 
tton  o^  a  men™rual  period-Characters  of  the  menstrual  flow-Changes  in  the  nterine  mucous  membrane  dunns 
rnstruarn-Ses  in  the  Graafian  follicle  after  its  ruptm^e  (corpus  lutemn)-Tho  testteles-Tmi.ca  vap- 
Tus-Tuni^  albugmea-Tunica  vasoulosa-Seminiferous  tubes-Epididymis-Vas  deferons-Ves.cuhe  semmales 
^Prosta'-Gtads  of  the  urethra-Semen-Secrctions  mixed  «-ith  the  products  of  the  testicles-  Spe.-matozo,ds- 
Development  of  the  spermatozoids-Seminal  fluid  in  advanced  age. 

A  EEViEW  Of  the  physiological  processes  which  we  have  thus  far  studied  shows  that 
the  functions  of  the  perfected  organism  are  divided  into  two  great  classes  : 

The  first  class  ol"  functions  may  be  grouped  under  the  general  head  of  nutr  tion, 
taken  in  its  widest  sense.  Nutrition  is  common  to  animal  and  vegetable  hfe,  and  this  i. 
sometimes  caUed  a  vegetative  process. 

The  study  of  nutrition  involves  the  following  considerations  :  First,  the  blood,  whicn 
is  the  git  nutritive  fluid,  contained  in  the  innumerable  vessels  which  penetate  near^ 
all  of  the  t  ssues  and  organs  of  the  body  and  are  connected  with  the  system  of  lymph  a  ic 

by  alimentation,  digestion,  and  absorptK>n.    ^  ^Jj^     \  ,,,te  or  decay  of 

to  the  above-mentioned  processes  ;  ^^'l*^;  vegetative  hfe  involve  the 

the  tissues  are  removed  by  excretion     Sixth  the  P;°°!^;^;  f  J  f^^^  ^t,^. 
production  of  heat  and  are  regulated  and  coordma   d      J-  n---  ^^^^^.^^^ 

\  ^tirlnth^ir tr-nSS  f r  s;eech,  ..e  functions  of 

lt:r:;-s.^^~  system,  and  the  o^^^^^^^^^^ 

In  studying  the  processes  of  nu  rition  of  the  g^;;;'^^  f  ^;^^^  of  organic  ori- 

constituents  of  the  organism,  which  -"^"^  ^  ™f  ^^^^^^^^^  Jben  tlfese  parts 

gin,  have  the  property,  in  the  hvmg  body  o  f-^^TfoT^  M  exists  m  the  blood, 
are  brought  in  contact  with  nutritive  ^^f'^'^^l^l^  ^Zcl^  'each  tissue  and  organ, 
this  matter  is  appropriated  and  transformed  into     ^^^^f^^  are  maintained 

It  is  in  this  way  that,  during  adult  life,  the  d'fferent  pai  ts  of  the  or."^ 
in  a  tolerably  uniform  condition.    In  the  absen  e  of  an    xact  kn 
and  nature  of  these  assimilative  processes,  we       ^^^^^^^^^^        ascertained  that  each 
a  constant  property  of  living,  organized  parts.    1  '^^f  "^^  °°       .5,^;,  organic  nitrogenizcd 
tissue  and  m-gan  of  the  body  possesses  one  or  T'^.i^  "trty    B"tf  at  the  same  time, 
constituents  which  are  possessed  of  this  so-called  vital  pi  operty.  , 
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it  is  ahvays  obscrvoJ  that  tlio  organic  nitrogenized  constituents  of  the  organism  are 
combined  most  intimately  with  a  tolerably  defiuito  quantity  of  inorganic  matter,  wliicl. 
latter  re-ulates,  to  a  certain  extent,  nutritive  processes,  and  constitutes  also,  an  impor- 
t'uit  component  part  of  the  tissues.  It  is  observed,  in  addition,  that,  during  early  ite, 
when  the  system  is  proceeding  toward  its  perfect  development  by  growth,  the  proportion 
of  inorganic  matter  is  less  than  in  the  adult,  and  that  the  process  of  nutrition  is  then  at 
its  maximum  of  activity,  the  regeneration  being  superior  to  the  waste.  During  the  adult 
period,  repair  and  physiological  decay  are  nearly  balanced  ;  but,  in  the  dechne  of  life 
there  seems  to  be  a  gradual  accumulation  of  inorganic  matter,  and  this  continues  until 
the  so-called  vital  properties  of  some  important  organ  become  so  feeble  that  its  func- 
tions cease,  and  we  have  physiological  death.  This  regeneration  of  the  tissues  is  a  neces- 
sary consequence  of  the  constant  waste  or  decay  of  every  part  of  the  orgamsm,  resultmg 
in  a  chan-e  of  constituents  mto  effete  matters,  which  are  discharged;  there  bemg,  durmg 
life  a  constant  waste  and  repair.  If  no  new  matter  be  introduced  as  food,  the  system 
wastes  to  a  point  which  is  incompatible  with  life,  and  death  results  from  inanition. 

With  some  very  insignificant  exceptions,  we  cannot  conceive  that  living  tissues  exist 
in  an  absolutely  stationary  condition.  The  organized  parts  of  the  body  are  undergoing 
constant  molecular  destruction  and  repair.  Again,  the  so-called  vital  properties  ot  the 
tissues,  which  involve  self-regeneration,  seem  to  have  certain  limits.  We  cannot  intro- 
duce nutritive  matter  in  suflScient  quantity  to  produce  growth  beyond  a  certain  point, 
although  we  may  limit  development  and  growth  by  deficient  supply.  When  we  ask  why 
the  organs  develop  with  fixed  regularity,  why,  when  an  occasional  excess  of  nutritive 
matter  is  presented,  this  excess  is  not  used,  we  must  confess  our  ignorance  or  say  that 
the  parts  are  endowed  with  vital  properties.  We  also  find,  to  come  to  the  most  impor- 
tant point  of  this  discussion,  that,  however  carefuUy  we  may  supply  nutritive  matter  to 
the  system,  we  cannot  arrest  the  gradual  enfeeblement  of  the  assimilative  powers  of  the 
tissues,  which  occurs  in  old  age.  In  short,  as  we  cannot  conceive  of  a  living  tissue 
without  decay  and  regeneration  of  its  substance,  so  it  is  impossible  for  the  organism  to 
last  for  an  indefinite  period.  A  necessary,  invariable,  and  inevitable  consequence  of 
individual  life  is  death.  The  constant  molecular  death— if  we  can  apply  this  term  to  the 
transformation  of  living  into  effete  matter— of  every  tissue  of  the  body  is  always,  in  the 
end,  superior  to  the  power  of  repair.  There  seems,  indeed,,  to  be  an  antagonism  of  pro- 
cesses during  life ;  a  view  which  was  so  fully  adopted  by  Bichat,  that  it  led  to  his  cele- 
brated definition  of  hfe  ;  "  the  ensemble  of  functions  which  resist  death."  Although  death 
is  thus  inevitable,  and,  in  the  circulation  of  material  in  Nature,  the  organic  parts  of  the 
body  become  changed  in  the  arrangement  of  their  ultimate  elements  and  appropriated  by 
the  vegetable  kingdom,  during  adult  life,  certain  anatomical  elements,  male  and  female,  are 
formed  in  the  human  subject,  which,  when  they  come  together  under  proper  conditions, 
develop  into  new  beings,  which  pass  through  the  same  course  of  existence  as  the  parents. 
Ry  the  concourse  of  two  beings,  new  organisms  come  into  life,  which  perpetuate  exist- 
ence and  preserve  species.  The  function  by  which  this  is  accomplished  is  called  genera- 
tion, or  reproduction. 

In  our  study  of  generation,  we  shall  confine  ourselves  as  closely  as  possible  to  the 
process  as  it  takes  place  in  the  human  subject.  There  are  many  considerations  of  great 
interest  connected  with  the  generation  of  the  lowest  orders  of  animal  organization, 
among  the  most  prominent  of  which  is  the  question  of  so-called  spontaneous  generation. 
While  this  may  have  a  certain  bearing  upon  the  genesis  of  anatomical  elements,  it  has 
little  or  nothing  to  do  with  the  development  of  the  fecundated  human  ovum,  and  will, 
therefore,  receive  little  more  than  an  incidental  consideration.  For  similar  reasons,  wo 
shall  not  engage  in  a  discussion  of  the  development-theory  applied  to  the  origin  of  spe- 
cies, which  is  exciting  so  much  controversy  at  the  present  day,  nor  shall  we  treat  of  gen- 
eration in  the  lower  animals,  except  to  illustrate  the  history  of  development  in  man. 
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The  study  of  human  generation  will  naturally  assume  the  following  course:  Fh-st, 
the  female  organs  of  generation  and  the  formation  of  the  female  element,  the  ovum ; 
second,  the  discharge  of  the  ovum  and  the  phenomena  which  attend  this  pi'ocess ;  thn-d, 
the  male  organs  and  the  development  and  discharge  of  the  male  elements,  the  spermato- 
zoids-  fourth,  the  union  of  the  two  elements  of  generation,  or  fecundation;  fifth,  the 
development  of  the  fecundated  ovum  into  the  foitus  at  term ;  sixth,  the  development 
of  the  body  after  birth  and  at  different  ages,  or  stages  of  existence ;  finally,  the  natural 
cessation  of  the  so-called  vital  functions,  or  physiological  death. 


Sexual  Oeneration. 

Before  we  describe  the  actual  phenomena  of  sexual  generation,  as  they  are  observed 
in  man  and  the  mammalia,  it  will  be  interesting  to  note  some  of  the  salient  points  in  the 
history  of  our  knowledge  of  this  process  in  the  inferior  animals.  This  we  can  do,  with- 
out exceeding  the  limits  we  have  laid  down  in  our  general  remarks. 

In  the  history  of  sexual  generation,  there  seems  to  have  been  a  limiting  line  between 
the  production  of  animals  from  preexisting  organisms  and  of  those  produced  in  some 
unknown  manner,  or,  as  it  has  been  said,  spontaneously.  This  line  of  distmction  has 
always  receded  toward  organisms  lower  and  lower  in  the  scale  of  being,  with  our  advance 
in  positive  knowledge.  The  ancients  understood  that  the  higher  animals  required  for 
their  production  a  concourse  of  the  sexes;  but  they  thought  that  many  fishes,  reptiles, 
insects  worms,  etc.,  were  produced  spontaneously.  Indeed,  with  the  limited  knowledge 
of  natural  history  possessed  by  Aristotle  and  those  who  succeeded  him  for  many  hun- 
dred years,  the  classes  of  animals  said  to  be  produced  spontaneously  represented  simply 
those  the  generation  of  which  was  not  understood.  But,  as  the  habits  of  many  amma Is 
became  better  understood,  more  and  more  of  them  were  observed  to  lay  eggs,  which 

were  found  to  undergo  development.  „      ,     ,    -,  „  u  Txr„a 

Dating  from  Aristotle,  who  lived  between  three  and  four  hundred  years  b.  c,  it  XN  as 
nearly  two  thousand  years  before  any  thing  was  known  of  the  generation  of  msec  s; 
I  dLculty  here  being  that  the  young  are  first  in  a  larval  state  and  bear  no  resem- 
hlance  to  the  parents.  Anterior  to  the  experiments  of  Kedi,  it  was  '^^-^^I'^'J'"'''^ 
organic  matters  in  course  of  putrefaction  developed  living  orgamsms,  as  maggots  m  meat 

^''TJZ^^it::^^^..^^  of  Eedi,  made  about  the  year  1668  for  the  reason  tliat 
thesTmark  an  era  in  our  knowledge  of  the  process  of  generation.    T  is  o^-v-^ 
that  flies  frequentlv  lighted  upon  meat  when  it  was  exposed,  simply  piotected  it  by 
Tal  and  found  that  L  maggots  were,  developed  while  ^^'^^^^^^^^^'^^^^^^ 
under  the  same  conditions,  except  that  the  flies  ^ad  f-e  access  to  them  J  -^«P^^ 
gots  in  great  numbers.    By  this  simple  experiment,  Redi  show  ed  that  ^ 
nutrefving  meat  were  produced  by  msects  and  not  by  the  meat;  but  it  remamea  lor 
Tw  mmSam  and  ValHsneri  to  study  the  -^^amorphoses  of  Ib^^^^^^^^ 
the  eggs  were  developed,  first  into  sexless  larvee,  and  finally  ^'^^Y^.^f^'^  ^^S^^™ 
the  parents.    It  is  curious  to  note  the  condition  of  science  anterio     o  ^^^^ 
neri  and  compare  it  with  the  ideas  that  are  cm-renb  at       P'-f"*  da.- ^^^^^^^^^^ 
appeared  in  putrefying  meat,  they  were  thought  to  be  produced  by  a  pontanec^as  a^ 
gation  of  organic  particles,  simply  because 

these  beings  conld  come  into  existence.    Now,  the  advocat    of  ^^--'^-^^  ^ 
have  the  same  ideas  as  those  advanced  anterior  to  1668    but  in  the  Piac 
have  organic  infusions,  and  for  maggots,  they  suhstitute  '^^^^^  J  the 
possible  that  the  discussion  of  the  question  then  was  as  7^'-ff  ;j;;*,;7' he' memory 
positive  advances  in  a  knowledge  of  the  generation  ot  insects  ^^^^^kcare  mlly  o  "the 
of  such  discussions,  if  they  existed,  as  future  advances  may  possibly  cause  many 
controversial  writings  of  the  present  day  to  pass  into  obhvion. 
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For  a  time  after  the  researches  to  which  we  have  just  alluded  had  taken  their  place 
in  the  history  of  science,  there  was  little  written  ahout  spontaneous  generation.  Redi 
had  satisfactorily  described  the  mode  of  generation  of  many  of  the  entozoa,  the  origin 
of  which  had  been  obscure;  Harvey  had  enunciated,  in  substance,  his  famous  axiom, 
-omne  animal  ex  ovo  ;  "  Regnerus  de  Graaf  had  described,  in  the  ovaries,  the  vesicles 
which  have  since  borne  his  name;  and  the  knowledge  of  ovulation  and  development 
began  to  make  definite  progress,  the  important  fact  having  been  ascertained,  that  vivipa- 
rous, as  well  as  oviparous  animals,  are  produced  from  ova. 

With  the  discovery,  by  Leeuwenhoek,  of  living  beings  in  water,  called  by  him  ani- 
malcules but  since  known  as  mfusoria,  a  new  problem  was  presented  to  students  of 
natural  history.  Here  were  animal  organisms,  so  small  as  to  be  invisible  to  the  naked 
eye  existing  in  great  variety  and  in  infinite  numbers,  the  mode  of  generation  of  which 
was  not  understood.  As  these  organisms  were  studied  more  closely,  their  multiphcation 
by  segmentation  and  by  budding  became  known,  and  these  have  since  been  described  as 
processes  of  generation  peculiar  to  some  of  the  lower  orders  of  beings;  but,  at  the  same 
time  some  writers  revived  the  theory  of  spontaneous  generation,  to  account  for  the 
ori-'iiial  appearance  of  animalcules  in  water,  and  this  idea  has  its  advocates  at  the  pres- 
ent^'day.  If,  however,  we  follow  out  the  history  of  the  spontaneous-generation  theory, 
we  find  that  the  different  epochs  have  repeated  themselves;  that  the  theory  took  its 
origin  from  an  ignorance  of  the  mode  of  generation  of  organisms  quite  high  in  the  scale 
of  being ;  that  the  progress  of  exact  knowledge  gradually  restricted  the  theory  to  lower  and 
lower  organisms,  until,  by  this  rigid  process,  it  became  extinct,  simply  from  want  of  ma- 
terial ;  that  its  application  to  entozoa  was  eliminated  in  the  same  way  ;  that  it  was  revived 
by  the  discovery  of  infusoria ;  and  that  now  its  limits  have  been  restricted  by  positive 
advances  in  knowledge,  it  being  demonstrated,  by  Balbiani  and  others,  that  many  varie- 
ties of  infusoria  present  the  phenomena  of  sexual  generation. 

Of  the  advocates  of  spontaneous  generation  within  a  comparatively  recent  period, 
perhaps  the  most  prominent  has  been  Pouchet ;  but  modern  researches  have  shown 
pretty  clearly  that  the  infusoria  produced  in  organic  infusions  are  due,  in  all  probability,  ■ 
to  the  introduction  of  ova  or  spores  floating  in  the  air,  which  are  developed  when  they 
meet  with  proper  conditions  of  heat  and  moisture.  In  numerous  experiments-  by  differ- 
ent observers,  which  it  is  not  necessary  to  cite  in  detail,  it  appeared  that,  when  organic 
infusions  had  been  exposed  to  a  degree  of  heat  suflBcient  to  destroy  germs,  and  the  intro- 
duction of  new  germs  from  the  air  was  prevented,  no  infusoria  were  developed  ;  and  this 
was  the  case  when  air  was  admitted  to  the  infusions,  care  being  taken  to  pass  the  air 
through  heated  tubes  or  sulphuric  acid,  so  as  to  destroy  all  organic  matter.  The  present 
aspect  of  the  question  of  spontaneous  generation  is  the  following : 

First,  it  is  reduced  to  the  very  lowest  orders  of  infusoria,  such  as  vibriones  and  bac- 
teria, which  simply  present  movement,  have  no  distinguishable  internal  structm-e,  and 
are  exceedingly  minute. 

Second,  the  question  is  discussed  as  to  what  degree  of  temperature  and  length  of 
exposure  to  heat  are  necessary  in  order  to  destroy  preexisting  germs  in  organic  infu- 
sions ;  for  the  idea  that  living  organisms  ever  result  from  an  aggregation  of  inorganic 
particles  has  been  generally  abandoned,  and  the  so-called  spontaneous  production  of 
animals  has  been  reduced  to  a  coming  together  of  organic  molecules. 

It  is  at  once  apparent  to  the  rigidly  scientific  mind  that  the  second  division  of  the 
question  presents  great  difficulties  in  the  way  of  its  positive  solution.  It  is  granted,  for 
example,  that  vibriones  and  bacteria  are  living,  animal  organisms.  It  is  proposed  by  the 
advocates  of  the  theory  of  spontaneous  generation,  that  these  beings  arise  without  pre- 
existing germs,  by  an  aggregation  of  organic  particles.  The  opponents  of  this  view  assert 
that,  when  the  air  admitted  to  organic  infusions  is  freed  from  germs  or  organic  particles, 
and  when  the  organic  infusions  are  subjected  to  a  high  temperature  for  a  time  sufficient 
to  destroy  all  possible  preexisting  germs,  no  generation  of  infusoria  can  taJco  place. 
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Now,  what  degree  of  temperature  is  required,  what  is  the  duration  of  exposure  to  heat 
necessary  to  destroy  germs,  and  how  are  tlie  limits  of  these  conditions  to  be  ascertained? 
The  only  answer  to  this  question  lies  in  the  experimental  test.  When  infusoria  make 
their  appearance  in  solutions  that  have  been  exposed  to  heat  and  protected  from  the 
entrance  of  germs,  it  is  said  that  the  heat  has  not  been  sufficiently  high  or  the  exposure 
has  been  of  too  short  dui-ation.  "When  infusoria  do  not  appear,  the  conditions  are 
assumed  to  have  been  fulfilled.  This  mode  of  reasoning  assumes  the  fact,  from  the  begin- 
ning, that  there  is  no  such  thing  as  spontaneous  generation.  Suppose,  now,  we  start 
with  the  contrary  assumption,  that  there  may  be  spontaneous  generation  in  an  organic 
infusion.  We  admit  to  such  an  infusion,  air,  carefully  purified  from  germs,  which  is 
logically  an  essential  experimental  condition  ;  wo  have  previously  exposed  the  infusion 
to  a  high  temperature  for  a  certain  period.  Under  these  conditions,  no  infusoria  appear. 
It  may  then  be  assumed  that  the  heat  has  destroyed  the  properties  of  the  organic  mole- 
cules, so  that  they  cannot  come  together  and  generate  new  beings. 

Under  these  circumstances,  all  that  we  can  do  is  to  argue  logically  from  such  facts  as 
have  been  positively  established,  and  .to  take  the  most  reasonable  view  of  other  points, 
that  are  not  as  yet  capable  of  satisfactory  and  definite  explanation. 

We  shall  assume  that  it  has  been  demonstrated,  beyond  a  reasonable  doubt,  that,  in 
organic  infusions,  subjected  to  a  temperature  somewhat  above  that  of  boiling  water,  and 
supplied  with  air  that  has  been  efiFectually  deprived  of  organic  matter,  ova,  spores,  or 
whatever  it  may  be,  no  living  organisms  make  their  appearance  so  long  as  these  experi- 
mental conditions  are  maintained.  We  also  assume  that  simple  boiling,  at  212°  Fahr., 
does  not  necessarily  destroy  all  germs,  which  excludes  experiments  made  in  this  way. 
This  reduces  the  question  to  a  single,  simple  point:  In  infusions  in  which  the  organic 
matter  has  not  been  destroyed  by  heat,  do  the  hving  organisms  come  from  a  spontaneous 
aggregation  of  organic  molecules,  or  are  they  the  result  of  the  development  of  ova  ? 

In  the  case  of  the  very  lowest  organisms  making  their  appearance  under  these  con- 
ditions, they  are  themselves  so  small,  that  it  would  be  reasonable  to  suppose  that  we 
might  be  unable  to  see  the  ova,  assuming  that  they  exist.    The  organic  particles  that  are 
supposed  to  come  together  spontaneously  are  also  invisible,  even  under  the  highest  mag- 
nifying powers  at  our  command.    If  we  come  to  an  exact  definition  of  the  term  spon- 
taneous, we  may  say  that  it  means  an  action  "  arising  or  existing  from  natural  mclmation, 
disposition,  or  tendency,  or  without  external  cause"  (Worcester).    With  this  definition, 
the  statement  that  a  living  organism  is  generated  spontaneously  can  only  mean  that  there 
is  no  cause  that  can  be  assigned  for  its  production.    In  point  of  fact,  we  simply  acknowl- 
edge that  the  mode  and  cause  of  generation  of  certain  infusoria  are  unknown,  and  the 
history  of  our  knowledge  of  generation  shows  that  the  term  spontaneous  generation  has 
always  been  applied  to  the  production  of  beings  in  a  manner  that  is  mcapable  of  satis- 
factory explanation.  What  we  actually  know  of  the  mode  of  generation  of  ammal  organ- 
isms teaches  us  that  all  beings  are  produced  and  multiplied  by  ova,  or  by  processes  of 
segmentation  or  budding  of  preexisting  organisms ;  and  our  knowledge  of  these  processes 
now  extends  to  all  except  the  most  minute  infusoria,  which  have  no  apparent  structure. 
We  know,  also,  that  such  organisms  may  develop  in  pure  water  from  particles  floatmg  in 
the  atmosphere;  and  that  particles  in  the  air,  singly  invisible  may  be  d^-^bped  into 
infusoria  tLt  are  quite  highly  organized.    If  we  reason  that  the  products  «  so-oahed 
spontaneous  generation  are  formed  by  the  fortuitous  aggregation  of  orS^^l^lTfso 
we  assume  a  fact  of  which  we  have  no  other  example  in  Nature;  and  we  assume,  a  so, 
Zt  lTZn  aggregation  of  particles  produces  beings  of  a  definite  and  -  orm  c^^^^^^^^^^^^^ 
For  such  a  supposition,  we  have  no  basis  in  analogy.    If,  on  the  other  hand,  we  rega.  d 
fhese Tow  orTers  of  bdngs  as  produced  by  the  development  of  ^^l^^^^^J^s:^:! 
have  found  favorable  conditions  of  heat  and  moisture  we  rest  upon  a  ^^^^f  ^^""^'^ 
analogy,  and  we  merely  confess  that  this  is  a  form  of  generation,  the  processes  of  which 
are  not  as  yet  capable  of  demonstration. 
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As  the  only  true  philosophic  view  to  take  of  the  question,  we  shall  assume,  in  common 
with  nearly  all  modern  writers  upon  physiology,  that  there  is  no  such  thing  in  Nature 
as  spontaneous  generation  ;  admitting  that  the  exact  mode  of  production  of  aomo  of  the 
infusoria,  lowest  in  the  scale  of  being,  is  not  understood. 

Female  Organs  of  Generation. 

An  accurate  knowledge  of  certain  points  in  the  anatomy  of  the  female  organs  of  gen- 
eration is  essential  to  the  comprehension  of  the  most  important  of  the  processes  of  repro- 
duction. Following  a  fruitful  intercourse  of  the  sexes,  the  function,  as  regards  the  male, 
ceases  with  the  comparatively  simple  process  of  penetration  of  the  male  element  through 
the  protective  covering  of  the  ovum  and  its  fusion  with  the  female  element.  The  fecun- 
dated ovum  then  passes  through  certain  changes,  which  are  the  first  processes  of  its 
development,  forms  its  attachments  to  the  body  of  the  mother,  continues  its  develop- 
ment, materials  being  derived  from  the  mother,  is  nourished  and  grows,  until  the  foetus 
at  term  is  brought  into  the  world.  An  exact  knowledge  of  the  mechanism  of  these  com- 
plicated processes  can  only  be  obtained  after  a  careful  study  of  the  anatomy  of  the  female 
organs.  We  must  know  precisely  how  the  ovum  is  developed  in  the  ovary  and  how  it 
is  discharged ;  how,  after  its  discharge,  it  is  received  by  the  oviduct  and  carried  to  the 
uterus ;  if  fecundation  do  not  take  place,  there  is  nothing  more  to  study,  as  the  ovum  is 
lost ;  but,  as  the  fecundated  ovum  must  form  certain  attachments  within  the  uterus,  we 
must  be  acquainted  with  the  anatomy  of  this  organ,  before  we  can  comprehend  its  devel- 
opment. Again,  we  have  to  study  the  phenomena  which  attend  the  discharge  of  ova, 
and  the  changes  which  take  place  in  the  ovaries,  anterior  to,  during,  and  subsequent  to 
ovulation.  It  will  not  be  essential  for  us  to  study  very  closely  the  anatomy  of  the  exter- 
nal parts,  as  these  are  only  concerned  in  sexual  intercoui-se  and  in  parturition ;  which 
latter,  though  a  purely  physiological  process,  forms  the  greatest  part  of  the  science  of 
obstetrics,  is  considered  elaborately  in  treatises  on  this  subject,  and  is  not  usually  treated 
of,  to  any  great  extent,  in  works  upon  physiology. 

The  female  organs  of  generation  are  divided  anatomically  into  internal  and  external. 
The  external  organs  are  the  vulva,  the  adjacent  parts,  and  the  vagina;  the  internal 
organs  are  the  uterus,  FaUopian  tubes,  and  ovaries.  When  we  come  to  study  the  func- 
tions of  the  internal  parts,  we  shall  see  that  the  ovaries  are  the  true  female  organs,  in 
which,  and  in  which  alone,  the  female  element  can  be  produced.  The  Fallopian  tubes 
and  the  uterus  are  accessory  in  their  functions,  the  female  element  (the  ovum)  passing 
through  the  Fallopian  tubes  to  the  uterus,  where  it  forms  the  attachments  to  the  body 
of  the  mother  which  are  essential  to  its  nourishment  and  full  development  after  fecun- 
dation. 

Before  we  proceed  to  study  the  structure  of  any  of  the  female  organs,  it  is  important 
to  have  a  clear  idea  of  the  general  arrangement  and  the  relations  of  these  parts ;  for, 
without  this,  we  shall  be  constantly  in  the  dark  as  to  the  bearing  of  certain  important 
anatomical  points  that  have  been  brought  forward  within  the  last  few  years. 

The  vagina  has  a  direction,  slightly  curved  anteriorly,  which  is  nearly  coincident  with 
the  axis  of  the  outlet,  or  the  inferior  strait  of  the  pelvis.  Projecting  into  tlie  vagina,  at 
it»  upper  extremity,  is  the  lower  part  of  the  neck  of  the  uterus.  The  uterus  extends  from 
the  vagina  nearly  to  the  brim  of  the  pelvis.  It  is  situated  between  the  bladder  and  the 
rectum,  and  lias  an  antero-posterior  inclination,  when  the  bladder  is  moderately  distended, 
which  brings  its  axis  nearly  coincident  with  that  of  the  superior  strait  of  the  pelvis.' 
Supposing  the  body  to  be  erect,  the  angle  of  the  uterus  with  the  perpendicular  would 
be  about  forty-five  degrees.    These  details  with  regard  to  the  position  of  the  uterus 

'  The  statements  given  above,  with  regard  to  the  position  of  the  uterus,  are  very  general.  The  uterus  is  exceed- 
ingly movable  antero-postferiorly,  and  the  direction  of  its  axis  is  largely  dependent  upon  the  condition  of  the  other 
pelvic  organs.  When  the  bladder  is  distended,  the  fundus  is  moved  upward ;  and,  when  the  bladder  is  empty  tho 
axis  of  the  uterus  may  be  inclined  forward  so  as  to  become  nearly  horizontal. 
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are  essential  to  a  comprehension  of  the  situation  and  relations  of  the  ovaries  and  Fallo- 
pian tubes. 

The  uterus  is  held  in  place  by  lignmonts,  certain  of  which  are  formed  of  folds  of  tlie 
peritoneum.    The  anterior  ligament  is  reflected  from  the  anterior  surface  to  the  bladder ; 
the  posterior  ligament  extends  from  the  posterior  surface  to  the  rectum  ;  the  round  liga- 
ments extend  from  the  upper  angle  of  the  uterus,  on  either  side,  between  the  folds  of  tlie 
broad  ligament  and  through  the  inguinal  canal,  to  the  symphysis  pubis ;  the  broad  liga- 
ments, which  extend  from  the  sides  of  the  uterus  to  the  walls  of  the  pelvis,  are  the  most 
mteresting  of  all,  as  they  lodge  the  ovaries  and  the  Fallopian  tubes. 
.  .  If  we  imagine  the  uterus,  occupying,  as  it  does,  the  upper  part  of  the  pelvis,  and 
remember  its  angle  of  inclination,  it  is  evident  that  it,  with  tlie  broad  ligaments,  must 
partially  divide  the  pelvis  into  two  portions ;  and  these  hgaments,  which  are  formed  of 
a'double  fold  of  peritoneum,  present  a  superior,  or  posterior  surface,  and  an  inferior,  or 
anterior  surface.   Tlie  superior,  or  anterior  border  of  this  fold  is  occupied  by  the  Fallopian 
tubes  the  peritoneum  constituting  their  outer  coat.    Laterally,  at  the  free  extremities  of 
the  tubes,  the  peritoneum  ceases,  and  there  is  an  actual  opening  of  each  Fallopian  tube 
into  the  peritoneal  cavity.    Attached  to  the  broad  ligament  and  projecting  upon  its  pos- 
terior surface,  is  the  ovary.    This  little,  almond-shaped  body  is  connected  with  the  fibrous 
tissue  between  the  two  layers  of  the  ligament,  and  has  no  proper  peritoneal  mvestment; 
so  that  it  is  actually  within  the  peritoneal  cavity.    If  we  look  at  the  ovary  from  the 
front  we  simply  see  the  rounded  prominence  which  marks  the  point  of  its  attachment  to 
the  broad  ligament;  but,  if  we  look  from  behind,  the  projecting  surface  is  seen,  and  we 
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have  a  distinct  ring  of  demarcation  at  the  base,  which  J^^^^^^^^^^^^^^ 
serous  epithehum  ceases,  and  where  the  proper  columnar  ^P^^.'^^^'^^ltt  miZ  thus  be 
If  a  vesicle  should  rupture  upon  the  surface  of  the  ovary,  «f 
taken  up  by  the  Fallopian  tube  and  be  carried  to  the  uterus.    Each  ^^-^  ^J^^^^^^^^^^^^^^ 
the  utenis  by  a  ligament,  lying  just  beneath  the  peritoneum,  called  ^^^J^^^  "^^^)^,,^ 
ovary.    This  ligament  is  composed  of  J^^^^f^^'^'^^^^^^^^  uterus, 
of  the  broad  ligament,  are  the  following  structures:  the  eontinuous  with 

blood-vessels,  nerves,  and  a  thin  layer  of  non-stnated  muscular  fibres,  contmuous 
the  superficial  muscular  fibres  of  the  uterus. 
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We  are  now  prepared  to  study  Fig.  270,  wbioli  shows  the  general  arrangement  of 
these  parts,  viewed  from  beliind.  A  portion  of  the  figure  which,  in  the  original,  shows 
the  external  parts,  is  cut  off,  to  avoid  complicating  our  description.  A  careful  examina- 
tion of  Fig.  270  will  give  a  general  idea  of  the  relations  of  the  different  parts  and  enable 
us  to  study  intelligently  their  minute  anatomy. 

The  Ovaries.— The  situation  of  these  bodies  has  already  been  indicated.  Attached, 
as  they  are,  to  the  broad  ligament,  and  projecting  from  its  posterior  surface,  they  lie 
nearly  horizontally  in  the  pelvic  cavity,  on  either  side  of  the  uterus.  They  are  of  a 
whitish  color,  and  their  form  is  ovoid  and  flattened,  with  the  anterior  border,  sometin^ifs 
called  the  base,  attached  to  the  broad  ligament.  If  we  closely  examine  their  mode  of 
connection  with  the  broad  ligament,  it  is  seen  that,  at  the  margin  of  the  attached  surface 
of  the  ovary,  the  posterior  layer  of  the  ligament  ceases,  and  that  the  fibrous  stroma  of 
the  medullary  portion  of  the  ovary  is  continuous  with  the  fibrous  tissue  lying  between 
the  two  layers.  It  is  at  this  portion  of  the  ovary,  called  the  hilum,  that  the  vessels  pene- 
trate, to  be  distributed  in  its  substance.  ' 

Each  ovary  is  about  an  inch  and  a  half  in  length,  half  an  inch  in  thickness,  and  three- 
quarters  of  an  inch  in  width  at  its  broadest  portion.  Tlie  outer  extremity  is  somewhat 
rounded  and  is  attached  to  one  of  the  fimbriaa  of  the  Fallopian  tube.  The  inner  extremi- 
ty is  more  pointed  and  is  attached  to  the  side  of  the  uterus  by  means  of  the  ligament  of 
the  ovary.  This  ligament  is  shown  in  Fig.  270  (7,  7).  It  is  a  rounded  cord,  composed 
of  non-striated  muscular  fibres  spread  out  upon  the  attached  extremity  of  the  ovary  and 
the  posterior  surface  of  the  uterus,  and  is  covered  by  peritoneum.  Tlie  weight  of  each 
ovary  is  from  sixty  to  one  hundred  grains,  and  these  organs  are  largest  in  the  adult  virgin. 
Its  attached  border  is  called  the  hilum;  and,  at  this  portion,  the  vessels  and  nerves  pene- 
trate. The  surface  is  marked  by  rounded,  translucent  elevations,  produced  by  distended 
Graafian  follicles ;  and  we  frequently  see  here  little  cicatrices,  indicating  the  situation  of 
ruptured  follicles.  We  may  also  see,  between  the  distended  follicles,  corpora  lutea  in 
various  stages  of  atrophy. 

Within  the  last  few  years,  anatomical  researches  have  shown  that  the  surface  of  the 
ovaries  does  not  present  the  appearance  of  a  continuation  of  the  peritoneum.  At  the 
base,  is  a  distinct  line,  surrounding  the  hilum,  which  indicates  where  the  peritoneum 
ceases  and  where  the  proper  epithelial  covering  of  the  ovary  begins ;  and  there  is  a  well- 
marked  and  abrupt  distinction  between  the  tessellated  epitheHum  of  the  serous  surface 
and  the  layer  of  cylindrical  cells  covering  the  ovary  itself.  This  peculiarity  has  led 
to  tlie  idea  that  the  ovary  is  really  covered  by  a  mucous  membrane.  Indeed,  there 
seems  to  be  little  difference  between  the  cells  covering  the  ovaries  and  those  lining  the 
Fallopian  tubes,  except  that  the  latter  are  provided  with  cilia. 

Most  anatomists  describe  a  proper  fibrous  membrane  investing  the  ovaries,  which 
they  call  the  tunica  albuginea,  and  which  is  compared  to  the  fibrous  covering  of  the 
testes.  This,  however,  is  not  a  proper  term.  Sappey  denies  the  existence  of  a  tunica 
albuginea;  and,  indeed,  in  the  sense  in  which  it  was  formerly  described,  such  a  membrane 
cannot  be  demonstrated.  On  making  a  section  of  the  ovary,  it  is  readily  seen  by  the 
naked  eye  that  the  organ  is  composed  of  two  distinct  structures ;  a  cortical  substance, 
formerly  called  the  tunica  albuginea,  which  is  about  of  an  inch  in  thickness,  and  a 
medullary  substance,  containing  a  large  number  of  bloed- vessels.  The  cortical  substance 
alone  contains  the  Graafian  follicles.  The  external  layer  of  this  may  be  a  little  denser 
than  the  deeper  portion,  but  there  is  no  distinct  fibrous  membrane. 

The  structure  of  the  cortical  substance  of  the  ovary  is  very  simple.  It  consists  of  con- 
nective tissue  in  several  layers,  the  fibres  of  which  are  continuous  with  the  looser  fibres 
of  the  medullary  portion.  In  the  substance  of  this  layer,  are  embedded  the  ova,  enclosed 
in  the  sacs  called  Graafian  follicles.  This  layer  contains  a  few  blood-vessels,  coming 
from  the  medullary  portion,  which  surround  the  follicles. 
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The  modullary  portion  of  the  ovary  is  oxcoedingly  vascular  and  is  composed  of  numer- 
ous small  bands,  or  trabeculaj  of  connective  tissue,  with  smooth  muscular  fibres.  The 
blood-vessels,  which  penetrate  at  the  hilum,  are  large  and  convoluted,  especial  y  at  the 
hilum  itself,  where  there  is  a  mass  of  convoluted  veins,  forming  a  sort  of  vascular  bulb, 
which  has  been  described  particularly  by  Rouget.  In  the  n.edullary  portion  of  the  ovary, 
which  is  sometimes  called  the  vascular  zone,  the  muscular  fibres  follow  the  vessels,  m  tlie 
form  of  muscular  sheaths.  According  to  Rouget,  the  mass  of  vessels  at  the  hilum  con- 
stitutes a  true  erectile  organ.  „  ^,  ^-  i  „„„ 
In  addition  to  the  blood-vessels,  the  ovary  receives  nerves  from  the  spermatic  plexus 
o^the  sympathetic,  the  exact  mode  of  termination  of  which  has  not  been  ascertamed. 
Lymphatics  have  also  been  demonstrated  at  the  hilum. 

Graafian  Follicles.— Those  vesicles,  or  follicles,  were  described  and  figured  by  De 
Graaf  and  are  known  by  his  name.  They  contain  the  ova,  undergo  a  series  of  interest- 
ing changes,  enlarge,  approach  the  surface  of  the  ovary,  and  finally  are  ruptured,  dis- 
charging their  contents  into  the  fimbriated  extremity  of  the  Fallopian  tube. 

It  was  formerly  supposed  that  the  smallest  Graafian  follicles  were  situated  deeply  in 
the  medullary  portion  of  the  ovaries,  approaching  the  surface  graduaUy,  as  they  became 
larger-  but  it  is  now  known  that  they  are  developed  exclusively  in  the  cortical  substance. 
If  indeed,  we  examine  the  ovary  at  any  period  of  life,  we  find  no  follicles  properly  m  the 
medullary  substance;  but  a  few  of  the  larger  may  project  downward,  so  as  to  encroacli 
somewhat  upon  it,  being  actually  of  a  diameter  greater  than  the  thickness  of  the  cortex. 

The  earlier  anatomists  supposed  that  the  Graafian  follicles  were  few  in  number,  fif  een 
or  twenty,  but  they  counted  those  only  that  were  readily  seen  with  the  naked  eye.  When 
however,  it  was  calculated  that  ova  might  be  discharged  every  month  during  a  period  of 
about  fo  ty  years,  it  became  evident  that  the  follicles  must  either  be  quite  nmBerous  or 
become  successivdy  and  constantly  developed.  This  led  some  anatomists,  who  believed 
tl  It  at  the  age  of  puberty,  the  ovaries  contained,  either  partially  or  fully  developed,  all 
follicles  tiat  ever  exiled  in  these  organs,  to  increase  tbeii-  estimates  o  he  numhei. 
of  follicles  Sappev,  from  a  series  of  careful  observations  on  this  point,  puts  the  number 
:  Mlicts  at  frZ  600,000  to  700,000.  We  cannot  but  regard  ^J-X- thl  prfrnt 
exaggerated.  According  to  the  table  of  measurements  given  by  ^'''^'^f '  7  J' 
diaf  Ucles  in  the  human  embryo,  at  ^-th  mea^i.  ^J^^^^Z 

rihislott  'r::^^^  n^Ilm  oS^:  give  an  approximauon,  even,  of  the 
number  S  follicles  in  the  ovai'ies,  but  there  certainly  must  be  several  thousands,  many 
of  which  may  never  become  fully  developed.  .  knowledge 

Within  the  last  few  years,  very  important  advances  have  ^.^  ^^"^^^^^  ^o^^^^^^^ 
of  the  mode  of  development  of  the  ova  and  ovaries,  which  wiU  be  moie  fully  consiclerea 

varied  conditions  of  development  .^^tj^^^         the  development  of  the  chick, 

The  ovary  appears,  particularly  fiom  obseiva,tions  npou  Wolffian  body, 

very  early  in'embryonic  life,  in  the  form  of  a  ceUular  ^l^^-^^^'^^f^f  L 
Most  of  its  cells  are  small,  but,  as  early  as  the  fourth  °;  /''^^^^^^^^^^  ,,eleus. 
distinguished  by  their  large  size,  their  --f fo™;-^  p  oc^s  ordevljm'e nt  of  the 
These  cells  are  supposed  to  be  primordial  ova.  t^^  j^'^^^^^^^  ,Ualled  ova- 
ovary,  some  of  the  peripheral  cells  penetrate  in  t^e  form  of  tubes  (t^^e 
rian  tubes)  and,  at  the  same  time,  delicate  P-^TinX  ep^heCm  and  endose  col- 
blood-vessels,  extend  from  the  fibrous  stroma  ";^'^  ;\y:"S,  ^';^,J„7f  nation  of  follicles; 
lections  of  cells.    It  is  probable  that  we  have  these  two  ^^^^^^^^^^  constricted 

one,  by  the  penetration  of  epithelial  tubes  f  J  ^  f^JJ^^^^^  TZous  processes 
and  divided  oflT  into  closed  cavities,  and  the  other,  by  the  extensio 
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from  below  which  enclose  little  collections  of  colls.  By  both  of  those  processes,  little 
cavities  are'  formed,  which  contain  a  number  of  cells.  In  each  of  these  cavities,  we 
observe  a  single,  largo,  rounded  cell,  with  a  large  nucleus,  this  cell  being  a  primordial 
ovum-  and,  in  addition,  we  have  in  the  same  cavity,  other  cells,  which  are  the  cells  of 
the  Graafian  follicle.  The  exact  nature  of  the  processes  we  have  just  described  has  been 
studied  in  the  fowl,  but  it  is  probable  tliat  the  same  kind  of  development  occurs  in  mam- 
malia and  in  the  human  female. 

From  birth  until  just  before  the  age  of  puberty,  the  cortical  substance  of  the  ovary 
contains  thousands  of  what  are  termed  primordial  follicles,  enclosing  the  primordial  ova; 
and  it  is  probable  that,  after  the  ovaries  are  fully  developed  at  birth,  no  additional  ova 
or  Graafian  follicles  make  their  appearance.  The  prevailing  idea  is,  indeed,  that  the 
great  majority  of  these  never  arrive  at  maturity,  and  that  they  undergo  atrophy  at  vari- 


FiG.  ZJl  — Portion  of  a  sagittal  section  of  the  ovary  of  an  old  hitch  (Wnldeyer.) 
o.  ovarian  epithelium;  6,6,  ovarian  tubes;  c,  e,  younger  follicles;  d,  older  follicle;  e,  discus  proligerus,  with  the 
ovum  •  /;  epitholium  of  a  second  ovum  in  tlio  same  follicle  ;  (7,  fibrous  coat  of  tbe  follicle ;  A,  proper  coat  of  the 
follicle";'  i,  epithelium  of  the  follicle  (membrana  ffrnnulosa) ;  t,  collapsed,  atrophied  follicle ;  I,  blood-vessels  ;  m.  m, 
cell-tubes  of  the  parovarium,  divided  loOKitudinally  and  transversely  ;  ij,  tubular  depression  of  the  ovarian  epi- 
thelium In  the  tissue  of  the  ovary ;  z,  beginning  of  the  ovarian  epithelium  oloBO  to  the  lower  border  of  the  ovary. 

ous  stages  of  their  development.  According  to  the  table  of  measurements  given  by  Wal- 
deyer,  the  primordial  follicles  of  tiie  human  embryo,  at  the  seventh  month,  are  from 
about  -g-Vir  to  ^  of  an  inch  in  diameter,  and  the  primordial  ova,  from  ^Vsr  to  titw  of  an 
inch.    In  the  adult,  the  smallest  follicles  measure  from  about       to       of  an  inch,  and 
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the  smallest  ovn,  a  little  more  than  toVt  of  1°  '"^^li-  '^'''^  i)i-iinordial  ova  have  the  form 
of  rounded  cells,  each  with  a  large,  clear  nucleus,  and  a  nucleolus.  Other  structures  are 
developed  in  and  surrounding  these  cells,  as  they  arrive  at  their  full  development. 

The  most  interesting  stage  in  tlie  development  of  the  ova  and  Graafian  follicles  is 
observed  at  about  the  period  of  puberty.  At  this  time,  a  number  of  follicles  (twelve, 
twenty,  thirty,  or  even  more)  enlarge,  so  that  we  have  all  sizes,  between  the  smallest 
l)rimordial  follicles,  of  an  incli,  and  the  largest,  nearly  i  an  inch  in  diameter.  In 
follicles  that  have  attained  any  considerable  size,  we  have  the  fully-developed  ova,  one  in 
each  follicle,  except  in  very  rare  instances,  when  there  are  two,  and  tliese  ova  have  a 
pretty  uniform  diameter  of  about  ^^3-  of  an  inch.  In  the  process  which  culminates  in 
the  discharge  of  the  ovum  into  tlie  fimbriated  extremity  of  the  Fallopian  tube,  the  Graa- 
fian follicle  gradually  enlarges,  becomes  distended  with  liquid,  and  finally  breaks  through 
and  ruptures  upon  the  surface  of  the  ovary.  It  becomes  necessary,  then,  to  study  the 
structure  of  these  large  follicles  and  their  relations  to  the  ova;  but,  before  we  do  this, 
we  can  review,  with  advantage,  the  relations  of  the  difierent  portions  of  the  ovary  and 
the  follicles  and  ova  of  various  sizes,  by  an  examination  of  Fig.  271. 

Fig.  271  shows  the  follicles  and  ova  of  various  sizes.  It  is  observed  that  the  larger 
follicles  contain  fully-formed  ova  and  have  a  proper  fibrous  coat.  The  ova  here  present 
an  epithelial  covermg  and  are  embedded  in  a  mass  of  the  epitlielial  lining  of  the  follicle 
(membrana  granulosa),  this  mass  being  called  the  discus  or  cumulus  proligerus. 

According  to  the  measurements  given  by  Waldeyer,  the  smallest  Graafian  follicles  are 
from  ^  to  of  an  inch  in  diameter,  while  tlie  largest  measure  from  f  to  |-  an  incli. 
At  or  near  the  period  of  their  maturity,  the  follicles  present  several  coats  and  are  filled 
with  an  albuminous  liquid.  Tlie  mature  follicles  project  just  beneath  the  surface  and 
form  little,  rounded,  translucent  elevations.  The  smallest  follicles  are  near  the  surface, 
and,  as  they  enlarge,  at  first  become  deeper,  as  is  seen  in  Fig.  271,  becoming  superficial 
only  as  they  approach  the  period  of  fullest  distention. 


v,n  'ini-GraaiianfolUcU  ;  mainlined      Oiamelern.  (Lnsclika.) 

prnnuloaa;  5,  cnmuhis  proligerus;  b,  zona  pelluciua  oi  cue  ovuuj,  i, 
with  the  germinal  spot. 

Taking  one  of  the  largest  follicles  as  an  example,  f  ^'•^"^^J.'lXeTth!  Junt 
guished;  an  outer  layer,  of  ordinary  connective  tissue  and  an  "°er  laye:  the  tun  ca 
propria,  formed  of  the  same  kind  of  tissue,  witli  the  d.flerence  that,  as  the  follicle 
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larges,  the  inner  layer  becomes  vascular.  The  vascular  tunica  propria  is  lined  by  cells 
of  epithelium,  forming  tlie  so-called  membrana  granulosa.  At  a  certain  point  in  this 
membrane,  is  a  mass  of  cells,  called  the  discus  or  cumulus  proligerus,  in  which  the  ovum 
is  embedded.  The  situation  of  the  discus  proligerus  and  tlie  ovum  has  been  a  subject  of 
discussion.  Some  anatomists  describe  it  in  the  most  superficial  portion,  and  others,  in 
the  deepest  part  of  the  follicle.  Waldeyer  states  that  he  has  observed  it  in  both  situa- 
tions ;  and  it  is  probable  that  its  position  is  not  invariable. 

The  liquid  of  the  Graafian  follicle  is  alkaline,  slightly  yellowish,  not  viscid,  and  it  con- 
tains a  small  quantity  of  albuminoid  matter  coagulable  by  heat,  alcohol,  and  acids.  This 
liquid  is  supposed  to  be  secreted  by  the  cells  lining  the  inner  membrane  of  the  follicle. 

It  is  important  to  remember  that  the  ovum  is  not  a  product  of  secretion,  nor  can  the 
ovary  be  properly  considered  as  a  glandular  organ.  The  ovum  is  an  anatomical  ele- 
ment ;  and  the  ovary  is  the  only  organ  in  which  this  anatomical  element  can  be  devel- 
oped. The  only  process  of  secretion  which  takes  place  in  the  ovary  is  the  production, 
probably  by  the  cells  of  the  membrana  granulosa,  of  the  liquid  of  the  Graafian  follicles. 

The  Parovarium.— The.  parovarium,  or  organ  of  Rosenmuller,  is  simply  the  remains 
of  the  Wolffian  body,  lying  in  the  folds  of  the  broad  ligament,  between  the  ovary  and 
the  Fallopian  tube.  It  consists  of  from  twelve  to  fifteen  tubes  of  fibrous  tissue,  lined  by 
ciliated  epithelium,  and  it  has  no  physiological  importance.  The  Wolffian  bodies  will  be 
fully  described  in  connection  with  the  development  of  the  genito-urinary  system. 

The  Uterus.— The  form,  situation,  and  relations  of  the  uterus  and  Fallopian  tubes 
have  already  been  indicated  and  are  shown  in  Fig.  270. 

The  uterus  is  a  pear-shaped  body,  somewhat  flattened  antero-posteriorly,  presenting 
a  fundus,  a  body,  and  a  neck.    At  its  lower  extremity,  is  an  opening  into  the  vagina, 


A  B  C 


Via.       — Virgin  uterus.   A.— anterior  view.   B.— median  section.   C.—tran/iverse  section,  {aappey.) 

A.  1.  body ;  2,  2,  angles ;  3,  cervix  ;  4,  site  of  the  oa  internum  ;  5,  vaginod  portion  of  tlio  cervix ;  C,  externai  os ;  7,  T. 

vagina. 

B.  1,  1,  profile  of  the  nnterior  surface;  2,  vesico-uterine  cul-de-sac;  3.  8,  profile  of  the  posterior  snrfaoe;  4,  body; 
5,  neck;  B.  isthmus;  7,  cavity  of  the  body;  8,  cavity  of  the  oervbc ;  9,  os  internum;  10,  anterior  lip  of  the 
OS  externum  ;  1 1,  posterior  lip  ;  12.  12.  vagina. 

C.  1,  cavity  of  the  body;  2.  lateral  wall;  .3,  superior  wall;  4,  4,  oornua;  5,  os  internum;  6,  cavity  of  the  cervi.v; 

7,  arbor  vitie  of  the  cervix  ;  8,  03  externum  ;  1),  9,  vagina. 

o.illed  the  os  externum.  At  the  upper  portion  of  the  neck,  is  a  constriction,  which  indicates 
llie  situation  of  the  os  internum.    The  form  of  the  utei'  us  is  shown  in  Fig.  273  (A).    It  is 
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usually  about  throo  inclios  in  length,  two  in  breadth,  at  its  widest  portion,  and  one  inch  in 
thickness.  Its  weight  is  from  one  and  a  half  to  two  and  a  half  ounces.  It  is  soinowliat 
loosely  held  in  place  by  the  broad  and  round  ligaments  and  by  the  folds  of  the  peritoneum 
in  front  and  behind.  The  delicate  layer  of  i)eritoneum  which  forma  its  external  covering 
extends  behind  as  far  down  as  tlie  vagina,  where  it  is  reHocted  back  upon  the  rectum,  and 
anteriorly  a  little  below  the  upper  extremity  of  the  neck  (os  internum),  wliere  it  is  re- 
lleeted  upon  the  urinary  bladder.  At  the  sides  of  the  uterus,  the  peritoneal  covering,  a  lit- 
tle below  the  entrance  of  the  Fallopian  tubes,  becomes  loosely  attached  and  leaves  a  line 
for  the  penetration  of  the  vessels  and  nerves.    Fig.  273  (0),  giving  a  view  of  the  interior 


Ili.-Muscular  fibres  of  the  uterus.   (Sappey.)  .  ^  v,„...^ 

A,flbresof  the  utevus  of  the  Slattern.;  B,  of  fwoman  twenty  years  of  a.e;  C.ofawoma.  ,UBt  dehvered. 

Of  the  uterus,  shows  a  triangular  cavity,  with  two  corona,  ^^^^'^^^'if^^l^^^^ 

of  the  Fallopian  tubes,  and  exceedingly  thick  walls  the  greatest  pait  of  which  as  com 

-tf  rrtr?  i-rrr  =;r/ri.. 

,  „i  1,^^,.,    These  fibres  are  spindle-shaped,  always  nucleated,  the  nu- 

arranged  m  several  layeis.    inese  uuies  i"'^      ,  ,       ,       *  i  „^      T,,i^ioni;  Tlipv 

anamoiTbou9adhesive8ubstancebetweenthemusculartib.es  we  n 

the  fibres  enlarge  immensely  during  gestation,  becommg,  at  that  t™^,  Ite  Thev 

other  in  every  direction.  fncpionli  of  the  muscular  tissue  of 

It  is  quite  difiicult  to  follow  out  the  course  of  „y  difTerent 

the  uterus,  and  the  layers  of  fibres  are  .^^^^^^^'^^^^^.^^l^^^  tlTablv  distinct,  very 
writers.    All  agree,  however,  that_  there  is  a  -1--^^;^^^^^^^^  'of  the 

thin,  resembling  the  platysma  myoides  w  nch  ^"^^^^Xi  in  al^ 
uterus.  In  addition  to  this  layer,  we  shall  describe  wo,  mak  n  in  , 
external,  middle,  and  internal,  although  this  division  is  somewhat  aibitrary. 
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The  external  muscular  layer,  whlcli  is  very  thin  but  distinct,  is  closely  attached  to  the 
peritoneum.  When  the  uterus  is  somewhat  enlarged  after  impregnation,  we  observe 
oblique  and  ti-ansverse  superficial  fibres  passing  over  the  fundus  and  the  anterior  and  pos- 
terior surfaces  to  the  sides.  Here  they  are  prolonged  upon  the  Fallopian  tubes,  the  round 
ligament,  and  the  ligament  of  the  ovary,  and  also  extend  between  the  layers  of  the  broad 
ligament.  This  external  layer  is  so  thin  that  it  cannot  be  very  efficient  in  the  expulsive 
contractions  of  the  uterus ;  but,  from  its  connections  with  the  Fallopian  tubes  and  the 
ligaments,  it  is  useful  in  holding  the  uterus  in  place.  It  does  not  extend  entirely  over 
the  sides  of  the  uterus.  Rouget,  who  has  given  a  very  elaborate  description  of  the  ex- 
ternal layer  in  the  human  subject  and  in  various  classes  of  animals,  has  found  it  prolonged 


.r 

Fio.  275. — Superficial  muscular  fibres  of  the  anterior  surface  of  the  uterus.  (Li^geois.) 
a,  a,  round  ligaments ;  S,  6,  Fallopian  tubes ;  c,  c,  c,  e,  transverse  fibres ;  d,  /,  longitudinal  fibres. 

into  the  ligaments  and  extending  to  the  ovaries  and  Fallopian  tubes.  He  regards  the 
uterus  and  its  so-called  appendages  as  lying  between  two  thin,  muscular  sheets,  and  con- 
siders the  action  of  the  muscular  fibres  as  very  eflacient  in  producing  an  engorgement  of 
the  erectile  tissue  of  the  internal  organs,  by  constriction  of  the  veins.  Erection,  accord- 
ing to  this  observer,  occurs  at  the  period  of  menstruation,  determines  the  application  of 
the  fimbriated  extremity  of  the  Fallopian  tubes  to  the  surface  of  the  ovary,  and  assists 
in  the  expulsion  of  the  ovum.  These  points  wiU  be  more  fully  considered  under  the  head 
of  ovulation. 

The  middle  muscular  layer  is  the  one  most  efficient  in  the  parturient  contractions  of 
the  uterus.  It  is  composed  of  a  thick  and  complicateji  net-work  of  fasciculi  interlacing 
with  each  other  in  every  direction. 

The  inner  muscular  layer  is  arranged  in  the  form  of  broad  rings,  which  surround  the 
Fallopian  tubes,  become  larger  as  they  extend  over  the  body  of  the  uterus,  and  meet  at 
the  centre  of  the  organ  near  the  neck. 

The  mucous  membrane  of  the  uterus  is  of  a  pale,  reddish  color ;  and  that  portion 
lining  the  body  is  smooth,  and  so  closely  attached  to  the  subjacent  structures,  that  it 
cannot  be  separated  to  any  great  extent  by  dissection.  There  is,  however,  no  proper 
65 
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submucous  areolar  tisRue,  the  membrane  being  applied  directly  to  the  uterine  walls.  It  is 
covered  by  a  single  layer  of  cylindrical  epitlielial  colls  with  delicate  cilia,  the  luoveraents 
of  which  are  from  without  inward,  toward  tlie  openings  of  the  Fallopian  tubes.  Ex- 
amination of  the  surface  of  the  membrane 

  -  -  with  a  low  magnifying  power  shows  the 

openings  of  numerous  tubular  glands. 
These  glands  are  usually  simple,  some- 
times bi'anched,  dividing,  about  midway 
between  the  opening  and  the  lower  ex- 
tremity, into  two  and,  very  rarely,  into 
three  secondary  tubules.  Their  course  is 
generally  tortuous,  so  that  their  length 
I'requently  exceeds  the  thickness  of  the 
mucous  membrane.  Tlie  openings  of  these 
tubes  are  about  5^  of  an  inch  in  diameter. 

The  uterine  tubes  are  of  considerable 
physiological  interest  and  have  been  the 
subject  of  much  discussion.  Their  secre- 
tion, which  forms  a  thin  layer  of  mucus 
on  the  surface  of  the  membrane  in  health, 
is  grayish,  viscid,  and  feebly  alkaline.  The 
tubes  themselves  have  exceedingly  thin, 
structureless  walls,  and  are  lined  with 
cylindrical  ciliated  epithelial  cells. 

The  changes  which  the  mucous  mem- 
brane of  the  body  of  the  uterus  undergoes 
during  menstruation  are  remarkable.  Un- 
der ordinary  conditions,  its  thickness  is 
from      to  tV  of  an  mch  ;  but  it  measures,  during  the  menstrual  period,  from  ^  to  1  of 

an  inch.  ,   , .  ,  ^, 

In  the  cervix,  the  mucous  membrane  is  paler,  firmer,  and  thicker  than  the  mem- 
brane of  the  body  of  the  uterus,  and  between  these  two  surfaces,  there  is  a  distinct 
line  of  demarkation.  It  is  here  more  loosely  attached  to  the  subjacent  tissue  m  the 
cervix,  and  the  anterior  and  posterior  surfaces  of  the  neck  present  an  appearance  ot 
folds  radiating  from  the  median  line,  forming  what  has  been  called  the  arbor  vita,  uteri 
or  plicse  palmatm.  These  so-called  folds  are  supposed  by  some  anatomists  to  be  formed 
by  rows  of  large,  papillary  elevations  of  the  membrane.  Throughout  the  entire  cervical 
membrane,  are  numerous  mucous  glands,  and,  in  addition,  in  the  lower  portion,  are  a 
few  rounded,  semitransparent,  closed  follicles,  called  th£  ovules  of  Naboth  which  are 
probably  cystic  enlargements  of  obstructed  follicles.  The  upper  half  of  the  cervical 
membrane  is  smooth,  but  the  lower  half  presents  numerous  villi  The  epithelium  of 
the  cervix  presents  great  variations  in  its  character  in  different  individuals.  Before  the 
time  of  puberty,  the  entire  membrane  of  the  cervix  is  covered  with  cihated  eFtlielium 
After  puberty,  however,  the  epithelium  of  the  lower  portion  changes  i  s  ^-aracte  ,  and 
we  have  cylindrical  cells  above,  witli  squamous  cells  in  the  inferior  portion.  iHe  latter 
extend  upward  in  the  neck  to  a  variable  distance. 

The  blood-vessels  of  the  uterus  are  very  large  and  present  certain  ""P°>f  ^  P^^"^', 
arities  in  their  arrangement.    The  uterine  arteries  pass  between  the  ^^^^'if^'l^'^^^ 
ligament  to  the  neck,  and  then  ascend  by  the  sides  of  the  ^terus.  presentmg  an  exceed 
ingly  rich  plexus  of  convoluted  vessels,  anastomosing  above  -'t^^'^^/^^^^^Xt 
ovarian  arteries,  sending  branches  over  the  body  of  the  ul^rus,  and  P^^f  ^ 

the  organ,  to  he  distributed  mainly  in  the  middle  layer  of  muscular  fibres.  In  the  r 
course^  these  vessels  present  the  convoluted  arrangement  characteristic  of  erectile  tissue 


Fig.  270.— /jwier  layer  of  muscular  fibres  of  the  uterus. 
(LiiSgeoiB.) 

o,  a,  rings  around  the  openings  of  the  Fallopian  tubes ;  6,  6, 
circular  fibres  of  the  cervix. 
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and  form  a  sort  of  mould  of  the  body  of  the  uterus.  Rouget  calls  this  tlio  erectile  tissue 
of  the  internal  generative  organs.  By  placing  the  pelvis  in  a  bath  of  v^'arm  water  and 
injecting  what  he  calls  the  spongy  bodies  of  the  ovaries  and  uterus  by  the  ovarian  veins, 
he  produced  a  distention  of  the  vessels  and  a  true  erection,  the  uterus  executing  a  move- 
ment analogous  to  that  of  the  penis  during  venereal  excitement. 


Fig.  in.—Blood-veaseh  of  the  uterus  and  ovaries ;  posterior  view.  (Eouget.) 
T,  T,  Fallopian  tabes;  0,0,  ovaries;  U,  uterus;  V,  vagina;  P,  pubis;  L,  anterior  round  ligament;  1,  2,  muscular 
fibres  of  the  vagina ;  8,  4,  ligament  of  the  ovary ;  5,  superior  round  ligament ;  6,  ovarian  artery ;  7,  ovarian  vein ; 
8,  uterine  artery;  9,  uterine  vein;  10, 11,  uterine  plexus;  12,  vaginal  plexus. 

In  addition  to  the  erectile  action  above  described,  "Wernich  has  lately  noted  a  true 
erection  of  the  lower  portion  of  the  uterus,  particularly  the  neck,  which  he  believes  to 
be  very  efficient  in  aiding  the  penetration  of  spermatozoids.  In  several  observations,  he 
noticed,  during  a  vaginal  examination  by  the  touch,  that  the  neck  of  the  uterus,  which 
at  first  was  soft  and  flaccid,  became  elongated,  hardened,  and  apparently  in  a  condition 
of  erection,  giving  an  impression  to  the  finger  comparable  to  the  hardened  glans  pisnis. 
As  an  anatomical  explanation  of  the  phenomena  observed,  "Wernich  quotes  from  Henle 
an  account  of  the  arrangement  of  the  blood-vessels  of  the  cervix  and  his  physiological 
deductions  from  the  presence,  in  this  portion  of  the  uterus,  of  a  true  erectile  tissue. 
This  question  will  be  considered  more  fully  under  the  head  of  the  mechanism  of  fecun- 
dation. 

In  the  muscular  structure  of  the  uterus,  are  numerous  large  veins,  the  walls  of  which 
are  closely  adherent  to  the  uterine  tissue.  During  gestation,  these  vessels  become  en- 
larged, forming  the  so-caUed  uterine  sinuses. 

Lymphatics  are  not  very  numerous  in  the  unimpVegnated  uterus,  but  they  become 
largely  developed  during  gestation.  They  exist  in  a  superficial  and  a  deep  layer,  the 
deeper  vessels  coming  from  the  muscular  substance  and  probably  also  from  the  mucous 
membrane. 

The  uterine  nerves  are  derived  from  the  inferior  hypogastric  and  the  spermatic  plex- 
uses, and  the  third  and  fourth  sacral.  In  the  substance  of  the  uterus,  they  present  in 
their  course  small  collections  of  ganglionic  cells  and  it  is  said  that  the  nerves  pass  finally 
to  the  nucleoli  of  the  muscular  fibres. 
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The  Fallopian  Tubes.— The  Fallopian  tubes,  or  oviducts,  lead  from  the  ovaries  to  the 
uterus.  They  are  shown  in  Fig.  270.  These  tubes  are  from  three  to  four  inches  long, 
but  their  length  is  not  always  equal  upon  the  two  sides.  Tliey  lie  between  the  folds  of 
the  broad  ligainout  at  its  upper  border.  Opening  into  the  uterus  upon  either  side  at  the 
cornua,  they  present  a  small  orifice,  about  ^  of  an  inch  in  diameter.  From  the  cornua, 
they  take  a  somewhat  undulatory  course  outward,  gradually  increasing  in  size,  so  that 
they  are  rather  trumpet-shaped.  Near  the  ovary,  they  turn  downward  and  backward. 
The  extremity  next  the  ovary  is  marked  by  from  ten  to  fifteen  fimbriro,  or  fringes,  which 
has  given  this  the  name  of  the  fimbriated  extremity,  or  morsus  diaboli.    All  of  these 


Fia.  'its.— Fallopian  tube.  (LI6geois.) 


fringe-like  processes  are  free,  except  one  ;  and  this  one,  which  is  longer  than  the  others, 
is  attached  to  the  outer  angle  of  the  ovary  and  presents  a  little  gutter,  or  furrow,  ex- 
tending from  the  ovary  to  the  opening  of  the  tube.  At  this  extremity,  is  the  abdommal 
opening  of  the  tube,  which  is  two  or  three  times  as  large  as  the  uterine  openmg.  Pass- 
ing from  the  uterus,  the  caliber  of  the  tube  gradually  increases  as  the  tube  itself  en- 
larges, and  there  is  an  abrupt  constriction  at  the  abdominal  openmg. 

Beneath  the  peritoneal  coat,  which  is  formed  by  the  layers  of  the  broad  ligament  is 
a  layer  of  connective  tissue.,  containing  a  rich  plexus  of  blood-vessels.  This  constitutes 
the  proper  fibrous  coat  of  the  Fallopian  tubes.  ,  .  ,  .      ■  . 

The  muscular  layer  is  composed  mainly  of  circular  fibres  of  the  non-stnated  variety, 
with  a  few  longitudinal  fibres  prolonged  over  the  tube  from  the  external  ^^^^^ 
of  the  nterus.  This  coat  is  quite  thick  and  sends  bands  between  the  layers  of  theJ-^^^J 
ligament  to  the  ovary,  which  are  supposed  to  act  in  adapting  the  fimbriated  extremity  of 

the  tube  to  the  surface  of  the  ovary.  j-  „i  „„;i 

The  mucou.  membrane  of  the  tube  is  thrown  into  folds,  wh.ch  are  long.tudmal  and 
transverse  near  the  uterus,  and  are  more  complicated  at  the  ^J^at^d  por  ion    In  ns 
portion,  next  the  ovary,  embracing  about  the  outer   wo-thirds.  f °  jf/" 
?he  caliber  of  the  tube.    These  are  sometimes  simple,  but  ^-^-^"j  ™n  n 

secondary  folds,  often  meeting  as  they  project  from  opposite  sides.  This  ajaiigenient 
gives  an  arbor;scent  appearance  to  the  membrane  transverse  sect  on  o^l^e  tu^^^^^ 
The  mucous  membrane  is  covered  by  cylindrical  cil  ated  ^P^^^^^.^"-'/^; 
the  cilia  beins  from  the  ovary  toward  the  uterus.  At  the  margms  of  the  fimbriiB,  t ne 
'^:!:t^^S^Lor^ns.i^  the  epithelium  of  ^^f^"^^^ 
exceptional  example  of  an  opening  of  a  mucous-lined  tube  into  the  ca.ity  of  the  pento 
neum.    The  membrane  of  the  tubes  has  no  mucous  glands. 

It  is  not  necessary  to  enter  into  a  minute  description  of  tbe  e.tenial  organ-f  the 
female.    Opening  by  the  vulva,  externally,  and  ^-nnnatrng  at  the  ne^k  of  he^^ite^ 
a  membranous  tube,  the  vagina.    This  lies  between  the  bladder  and  the  rectum. 
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a  curved  direction,  being  about  four  inches  long  in  front,  and  five  or  six  inches  long  pos- 
teriorly There  is  a  constricted  portion  at  the  outer  opening,  where  we  have  a  muscle, 
called  the  sphincter  vaginas,  and  the  tube  is  somewhat  narrowed  at  its  upper  end,  where 
it  embraces  the  cervix  uteri.  The  inner  surface  presents  a  mucous  membrane,  marked  by 
transverse  rug£B,  with  papilW  and  mucous  glands.  Its  surface  is  covered  with  flattened 
epithelium.    The  vagina  is  quite  extensible,  as  it  must  be  during  parturition,  to  allow 


Fio.  219.— External  erectile  orgomi  of  the  female.  (LiAgeois.) 
A,  pubis :  B,  B,  ischium ;  0,  clitoris ;  D,  gland  of  the  cUtoris ;  E,  bulb  ;  F,  constrictor  muscle  of  the  vulva  ;  G,  left 
pillar  of  the  clitoris ;  H,  dorsal  vein  of  the  clitoris  ;  I,  intermediary  plexus ;  J,  vem  of  communication  with  the 
obturator  vein ;  K,  obturator  vein ;  M,  labia  minora. 

the  passage  of  the  child.  It  presents  a  proper  coat  of  dense  fibrous  tissue,  with  longi- 
tudinal and  circular  muscular  fibres  of  the  non-striated  variety.  "We  have,  also,  sur- 
rounding it,  a  rather  loose  erectile  tissue,  which  is  most  prominent  at  its  lower  portion. 

The  parts  composing  the  external  organs  are  abundantly  supplied  with  vessels  and 
nerves.  In  the  clitoris,  which  corresponds  to  the  penis  of  the  male,  and  on  either  side 
of  the  vestibule,  we  find  a  true  erectile  tissue. 


Structure  of  the  Ovum. 

The  ripe  ovum  lies  in  the  Graafian  follicle,  embedded  in  the  mass  of  cells  which  con- 
stitutes the  discus  proligerus.  Within  the  discus,  surrounding  the  ovum,  there  seem  to 
be  two  kinds  of  cells ;  first,  cells  evidently  belonging  to  the  Graafian  follicle  and  similar 
to  the  cells  in  other  parts  of  the  membrana  granulosa ;  second,  a  single  layer  of  columnar 
cells  belonging  to  the  ovum  and  probably  concerned  in  the  production  of  the  proper 
membrane  of  the  ovum,  the  vitelline  membrane.  Regarding  the  vitelline  membrane  as 
the  external  covering,  we  can  see,  in  the  ovum,  a  clear,  transparent  membrane,  a  granu- 
lar mass  (the  vitellus)  filling  this  membrane  completely,  a  large,  clear  nucleus,  called  the 
germinal  vesicle,  and  a  nucleolus,  called  the  germinal  «pot. 

The  size  of  the  ripe  ovum,  in  the  human  subject  and  in  mammals,  is  about  -^^-^  of  an 
inch,  and  its  form  is  globular. 

The  external  membrane  of  the  ovum  is  clear,  apparently  structureless,  quite  strong 
and  resisting,  and  it  measures  about  -^-^-^  of  an  inch  in  thickness.  As  it  forms  a  trans- 
parent ring  in  the  mass  of  cells  in  which  the  ovum  is  embedded,  this  is  sometimes  called 
the  zona  pellucida.  According  to  recent  researches,  it  seems  that  the  primordial  ovum 
has  at  first  no  special  investing  membrane ;  as  it  develops,  it  presents,  surrounding  the 
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vitellus,  a  single  layer  of  columnar  cells ;  at  the  deepest  portion  of  these  cells,  a  homo- 
goueous  hasement-membrane  is  gradually  formed  ;  and  the  cells  undergo  a  sort  of  cuticu- 
lar  transformation,  becoming  finally  the  vitelline  membrane. 

An  important  point,  in  this  connection,  is  the  question  of  the  existence  of  pores,  or  per- 
forations in  tlie  vitelline  membrane.  As  we  shall  see  farther  on,  there  can  be  no  doubt 
with  regard  to  the  actual  penetration  of  the  spermatozoids  through  this  membrane,  so 
that  they^come  in  contact  with  the  vitellus ;  and  it  is  in  this  way  that  the  ovum  is  fecun- 
dated. In  the  osseous  fishes  and  in  mollusks,  there  seems  to  be  no  question  with  regard 
to  the  existence  of  numerous  pores  in  the  vitelline  membrane ;  but  these  are  not  so  easily 
demonstrated  in  the  ova  of  mammals.  Admitting  the  existence  of  a  micropyle  and  pores 
in  the  vitelline  membrane  in  fishes  and  mollusks,  it  is  certain  that  openings  are  very 
much  more  indistinct,  if  they  can  be  seen  at  all,  in  the  ova  of  mammals;  still,  the  fact 
of  the  actual  penetration  of  spermatozoids  ahnost  of  necessity  presupposes  the  presence 
of  orifices.  "We  have  often  thought,  in  studying  this  subject,  that  it  must  be  difficult, 
examining  a  perfectly  transparent  and  homogeneous  membrane  in  water,  which  would 
fill  up  all  pores,  to  distinguish  any  openings,  and  we  have  been  disposed  to  admit  their 
presence,  mainly  because  the  spermatozoids  are  known  to  pass  through.  The  idea  of 
their  existence  in  mammals  certainly  receives  support  from  analogy  with  the  lower 
orders  of  animals. 

Tlie  vitellus,  called  the  principal  yolk  or  the  formative  yolk,  contains  the  elements 
which  are  to  undergo  development  into  the  embryon.  It  is  composed  of  a  semifluid 
mass,  containing,  in  addition  to  the  germinal  vesicle,  numerous  granules.  Some  of  these 
granules  are  large,  strongly-refracting,  globular  bodies,  which  are  so  bright  and  so  numer- 
ous, that  they  obscure  the  other  parts  of  the  vitellus.  Between  these,  are  numerous  albu- 
minoid granules,  which  are  much  smaller  and  not  so  distinct. 

The  germinal  vesicle,  sometimes  called  the  vesicle  of  Purkinje,  is  the  enlarged  nucleus 
of  the  primordial  ovum.  It  is  a  clear,  globular  vesicle,  about  ^  of  an  inch  in  diameter, 
embedded  in  the  vitellus,  its  position  varying  in  different  ova.  It  presents  m  its  interior 
a  number  of  fine  granules,  and  a  large,  dark  spot,  called  the  germinal  spot,  or  the  spot 
of  Wagner,  which  measures  about  Wtht  of  an  inch  in  diameter.  This  spot  corresponds 
to  the  nucleolus  of  the  primordial  ovum.  In  mammals,  the  mature  ovum  contains  but 
one  germinal  vesicle  and  one  germinal  spot.  The  various  points  we  have  described  are 
illustrated  in  Fig.  280. 

Discharge  of  the  Ovum. 
A  ripe  Graafian  follicle  measures  from  |  to  |  of  an  inch  in  diameter  and  Presents  a 
rounded'elevation,  containing  a  plexus  of  blood-vessels  upon        ^^-^f  *  - 
At  its  most  prominent  portion,  is  an  ovoid  spot,  in  which  the  membranes  aie  entuely  free 
ft  m  brod-vessels.  At'this  spot,  which  is  called  the  -^^f\'^'^^^\^:Z 
give  way,  and  the  contents  of  the  follicle  are  discharged.    For  a  '^^''.'''''l^^l'^'^'  ^ 
?he  rupture  of  the  follicle,  important  changes  have  been  ^^-^  ^J^V^^; 
the  first  place,  the  non-vascular  portion,  situated  at  the  very  surface  of  the  o^J^^- "^^^^ 
goes  fatty  degeneration,  by  which  this  part  of  the  wdl  becomes  ^-^-f 
the  same  timt,  at  the  other  portions  of  the  follicle,  there       S^^^^^^t'the  fo^^^ 
ject  into  the  interior,  and  an  extension,  into  the  mtenor,  of  Wood-ve-els^^^^  fXZL 

loops.    These  changes,  with  an  increase  in  the  P^'^^f  ^^^/^^^^^  J  •'^  V^^isc^s  P^^^^^^^ 
eraLn  of  the  macula,  cause  the  follicle  to  hurst ;  and,  with  tl^^  1  quid,  tbe  ^  W^^^^^ 
rus  and  the  ovum  are  expelled.    The  formation  of  a  ^=^11-8^^*^^^^  "*^^^  ^^^^^  before 
follicle  is  really  the  beginning  of  the  corpus  luteum  ;  and  t  -  o-ur^ 
the  discharge  of  the  ovum  takes  place.    It  is  a  disputed 

haemorrhage  occurs  into  the  folhcle  at  the  time  of  its  rupture.  Tins  may  '^^-i  u^^^^^^^^^^^^ 
does  sometimes  occur,  but  it  cannot  be  regarded  as  constant  and  has  been  by 
many  observers. 
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The  time  at  winch  the  follicle  ruptures,  particularly  with  reforenco  to  the  menstrual 
period  is  probably  not  definite;  but  it  is  certain  that,  while  sexual  excitement  may 
Ta  ten  the'discharge  of  an  ovum  by  producing  a  greater  or  less  tendency  to  congestion 
ot  the  internal  organs,  ovulation  takes  place  independently  of  the  action  of  coit.ou  The 
opportunities  for  detemining  this  fact  in  the  human  female  are  not  frequent;  but  it  has 
been  dly  demonstrated  by  observations  upon  the  inferior  animals  axid  there  is  now  no 
doubt  Jth  regard  to  the  identity  of  the  phenomena  of  rut  and  of  mens  ruation.  t  is 
useless  at  the  present  day,  to  enter  into  an  elaborate  discuss  on  of  this  point,  which 
occupld  so  much  the  attention  of  the  earlier  writers.  From  the  earliest  imes,  it  was 
recoiiized,  not  only  that  women  became  fruitful  only  after  the  appearance  of  the  inenses 
but  that  sexual  intercourse  was  most  likely  to  be  followed  by  conception  when  it 
occurred  near  the  periods  ;  a  point  which  we  shall  discuss  more  fully  under  the  head  ot 
fecundation.  When  it  was  recognized  that  rupture  of  Graafian  folhcles  was  followed  by 
the  formation  of  corpora  lutea,  it  became  easy  to  verify  the  supposition  that  the  ova 
were  discharged  at  regular  intervals,  by  an  examination  of  the  ovaries  m  women  who 
had  died  suddenly;  and  such  observations,  showing  corpora  lutea  in  virgins,  demon- 
strated that  ovulation  was  not  necessarUy  dependent  upon  coitus. 


Fig.  280.— Ooiiin  of  the  rabbit,  from  a  Graafian  follicle      of  an  inch  in  diameter.  (Waldeyer.) 
o,  epithelium  of  tlie  ovum;  &,  zona  pellucida,  with  radiating  striations  (vitelline  membrane);  c,  germinal  vesicle; 

d,  germinal  spot ;  e,  vitellus. 

Observations  upon  the  lower  animals  have  shown,  notwithstanding  the  fact  of  dis- 
charge of  ova  without  copulation  or  even  the  sight  of  the  male,  that  sexual  excitement 
has  a  certain  influence  upon  ovulation.  The  experiments  of  Ooste  upon  this  point  are 
very  interesting.  This  observer  noted  that,  in  rabbits  killed  from  ten  to  fifteen  hours 
after  copulation,  there  was  evidence  of  the  recent  discharge  of  ova.  In  two  experiments, 
however,  ho  took  female  rabbits  in  heat  and  manifesting  the  greatest  ardor  for  the  male, 
presented  them  to  the  male,  in  order  to  show  that  they  were  really  in  heat,  but  care- 
fully prevented  copulation.  This  was  done  for  three  days  in  succession,  there  being,  on 
each  occasion,  a  manifest  desire  for  the  approach  of  the  male.  One  rabbit  was  killed  on 
the  third  day,  while  still  in  heat ;  and  six  distended  Graafian  follicles  were  found  in  one 
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ovary  and  two  in  the  other ;  but  there  was  no  trace  of  ruptured  follicles.  The  other 
rabbit  ceased  to  be  in  heat  on  the  fourth  day  and  was  killed  on  the  fifth.  This  animal 
presented  seven  distended  follicles  on  one  side,  and  one  on  the  other,  but  no  ruptured 
follicles.  From  these  and  other  experiments  upon  the  lower  animals,  there  seems  to  be 
no  doubt  that  copulation  hastens  the  rupture  of  ripe  Graafian  follicles;  but,  on  the  other 
hand,  it  is  equally  true  that  follicles  rupture  independently  of  the  sexual  act. 

To  return  to  the  phenomena  which  attend  ovulation  in  the  human  subject,  there  is 
every  reason  to  suppose,  at  least  from  analogy,  that  the  excitement  of  the  genital  organs 
during  sexual  intercourse  may  determine  the  rupture  of  a  ripe  Graafian  follicle.  At 
stated  periods,  marked  by  the  phenomena  of  menstruation,  one,  and  sometimes  more 
Graafian  follicles  become  distended  and  usually  rupture  and  discharge  their  contents  into 
the  Fallopian  tubes.  This  discharge  of  an  ovum  or  ova  may  occur  at  the  beginning,  at 
the  end,  or  at  any  time  during  the  continuance  of  the  menstrual  flow.  Upon  this 
point,  the  observations  of  Ooste,  which  were  made  many  years  ago,  seem  entirely  con- 
clusive. In  a  woman  who  died  on  the  first  day  of  meusti-uation,  he  found  a  recently- 
ruptured  follicle ;  in  other  instances,  'at  a  more  advanced  period  and  toward  the  decline 
of  the  menstrual  flow,  he  found  evidences  that  the  rupture  had  occurred  later ;  in  the 
case  of  a  female  who  drowned  herself  four  or  flve  days  after  the  cessation  of  the  menses, 
a  follicle  was  found  in  the  right  ovary,  so  distended  that  it  was  ruptured  by  very  shght 
pressure ;  and  other  instances  were  observed  in  which  follicles  were  not  ruptured  during 
the  menstrual  period.  The  most  striking  case  of  this  kind  was  of  a  young  girl,  nineteen 
years  of  age,  who  committed  suicide  fifteen  days  after  the  menstrual  period.  The  ovaries 
were  examined  with  the  greatest  care.  "By  the  side  of  the  Graafian  vesicles  largely 
developed,  were  found  traces  of  ruptured  vesicles ;  but  the  corpora  lutea  were  evidently 
too  old  to  be  reasonably  referred  to  the  last  menstruation;  the  Graafian  vesicle,  conse- 
quently, had  not  matured,  or  at  least  had  been  arrested  in  its  development." 

In  conclusion,  remembering  that  coitus  may  hasten  the  rupture  of  ripe  follicles,  we 
quote  from  Ooste  the  following  as  representing  what  we  know  of  the  relations  between 
ovulation  and  menstruation : 

"  As  a  summary,  then,  of  all  the  facts  that  I  have  observed,  I  believe  it  to  be  con- 
clusive, that,  in  the  human  female,  there  is  always,  at  each  menstrual  period,  as  during 
the  condition  of  rut  in  animals,  a  vesicle  of  the  ovary  which  has  a  marked  preponder- 
ance over  the  others ;  that  it  spontaneously  arrives  at  maturity,  and,  most  generally,  is 
ruptured  at  some  time  during  this  period  to  give  issue  to  the  ovum  which  it  contains ; 
but  there  are  cases,  also,  in  which,  in  the  absence  of  sufficiently  favorable  conditions, 
this  distended  vesicle  cannot  accomphsh  this  end,  and,  as  in  mammals  again,  may  remain 
stationary  or  be  entirely  reabsorbed." 

Passage  of  Ova  into  the  Fallopian  Tubes. 

The  fact  that  the  ova,  in  the  great  majority  of  instances,  pass  into  the  Fallopian 
tubes,  is  sufficiently  evident.  The  fact,  also,  that  ova  may  fall  into  the  cavity  of  the 
peritoneum  is  shown  by  the  occasional  occurrence  of  extra-uterine  pregnancy,  a  rare 
accident,  which  shows  that,  in  all  probability,  the  failure  of  unimpregnated  ova  to  enter 
the  tubes  is  exceptional.  When  we  come,  however,  to  the  mechanism  of  the  passage 
of  the  ova  into  the  tubes,  the  explanation  is  difficult.  At  the  present  time  there  are  two 
theories  with  regard  to  this  process ;  one,  in  which  it  is  supposed  that  the  fimbriated 
extremities  of  the  Fallopian  tubes,  at  the  time  of  rupture  of  the  Graafian  follicles,  be- 
come adapted  to  the  surface  of  the  ovaries;  and  the  other,  that  the  ova  are  carried  to 
the  openings  of  the  tubes  by  cihary  currents.  Neither  of  these  theories  is  capable  of 
actual  demonstration  ;  and  we  can  only  judge  of  their  probable  correctness  from  ana- 
tomical facts.  Rouget,  an  earnest  advocate  of  the  first-mentioned  theory,  ha.-3  given  an 
exact  description  of  the  muscular  structures  connected  with  the  tubes  and  ovaries.  We 
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have  already  soen  that  one  of  the  fimbria)  of  the  tube  is  longer  than  the  others  and  is 
attached  to  the  outer  angle  of  the  ovary.  The  other  fimbria  are  unattached  and  are 
distant  from  about  half  an  inch  to  an  inch  from  the  ovarian  surface.  According  to  this 
observer,  there  is  a  double  layer  of  muscular  fibres,  passing  from  the  lumbar  region  of 
the  uterus  and  embracing  the  whole  of  the  dilated  portion  of  the  tube ;  and  the  action  of 
these  fibres  must  draw  the  extremity  of  the  tube  toward  the  ovary  and  apply  it  to  its  sur- 
face. That  the  muscular  fibres  described  by  Rouget  exist,  there  can  be  scarcely  a  doubt ; 
but  that  their  action  is  essential  to  the  passage  of  ova  into  the  FaUopian  tubes,  is  a  ques- 
tion for  discussion.  If  we  could  assume  with  certainty  that  the  ova  are  discharged  only 
during  sexual  intercourse,  or  that  foUicles  are  usually  ruptured  as  a  consequence  of 
pressure  exerted  by  the  muscular  action  described  by  Eouget,  this  theory  would  be  ren- 
dered exceedingly  probable,  to  say  the  least;  but  the  facts  do  not  admit  of  this  exclusive 
view.  However,  observations  upon  the  lower  animals,  particularly  rabbits,  have  shown 
that  copulation  actually  hastens  the  discharge  of  ova  ft-om  ripe  Graafian  foUicles ;  but  it 
must  be  a  question  of  theory  simply,  whether  the  act  be  attended  with  the  muscular 
contraction  indicated  by  Eouget,  or  whether  there  be  a  determination  of  blood  to  the 
ovary,  which  produces  an  additional  tendency  to  rupture  at  this  time.  We  can  hardly 
adopt  unreservedly  the  theory  of  Eouget,  unless  it  be  evident  that  there  is  no  other  way 
in  which  the  ova  can  enter  the  tubes.  The  fact  is  that,  in  the  human  female,  an  ovum 
may  be  discharged  at  the  beginning  of  menstruation,  at  any  time  during  the  flow,  or 
even  after  the  flow  has  ceased ;  and  it  is  more  than  probable  that  pressure  within  the 
fofflcle  alone  may  cause  its  rupture,  and  that  this  may  occur  independently  of  sexual 
excitement.  In  view  of  these  facts,  while  we  cannot  deny  that  the  fimbriated  extrem- 
ities of  the  tubes  may,  by  muscular  action,  be  drawn  toward  the  surface  of  the  ovary, 
we  cannot  admit  that  such  an  action  is  constant,  or  that  it  is  necessary  to  the  passage 
of  ova  into  the  tubes,  though  the  theory  of  Rouget  has  been  adopted,  entirely  or  in 
part,  by  some  writers  of  authority. 

If  we  take  into  account  the  situation  of  the  ovaries  and  the  relations  of  the  Fallopian 
tubes,  we  can  understand  how  an  ovum  may  pass  into  the  tube,  without  invoking  the  aid 
of  muscular  action.  Let  us  suppose,  for  example,  that  a  Graafian  follicle  be  ruptured 
when  the  fimbriated  extremity  of  the  tube  is  not  applied  to  the  surface  of  the  ovary.  One 
of  the  fimbriae,  longer  than  the  others,  is  attached  to  the  outer  angle  of  the  ovary  and 
presents  a  little  furrow,  or  gutter,  leading  to  the  opening  of  the  tube.  This  furrow  is 
lined  by  ciliated  epithelium,  as  indeed,  is  the  mucous  membrane  of  all  of  the  fimbriffii,  the 
movements  of  which  produce  a  current  in  the  direction  of  the  opening,  which  we  might 
suppose  would  be  sufiicient  to  carry  a  little  globule,  only  yfj-  of  an  inch  in  diameter,  into 
the  tube.  At  the  same  time,  there  is  probably,  as  has  been  suggested  by  Becker,  a  con- 
stant fiow  of  liquid  over  the  ovarian  surface,  directed  by  the  ciliary  current  toward  the 
tube ;  and  when  the  liquid  of  the  ruptured  follicle  is  discharged,  this,  with  the  ovum, 
takes  the  same  course. 

In  all  probability,  what  we  have  just  described  is  the  mechanism  of  the  passage  of  the 
ova  into  the  Fallopian  tubes;  and  it  is  possible  that  the  fimbriated  extremity  may  be 
drawn  toward  the  ovarian  surface,  though  we  can  hardly  understand  how  it  can  be  closely 
applied  to  the  ovary  and  exert  any  considerable  pressure  upon  the  distended  follicle.  It 
is  proper  to  note,  also,  that  the  conditions  dependent  upon  the  currents  of  liquid  directed 
by  the  movements  of  cilia  are  constant  and  could  influence  the  passage  of  an  ovum  at 
whatever  time  it  might  be  discharged,  while  a  muscular  action  would  be  more  or  less 
intermittent. 

It  is  somewhat  difficult  to  understand  the  exact  mechanism  of  the  passage  of  an  ovum 
discharged  from  an  ovary  into  the  Fallopian  tube  upon  the  opposite  side,  although  it  cannot 
be  doubted  that  this  sometimes  occurs.  Schroeder  has  collected,  from  various  authors,  the 
reports  of  several  cases,  in  which  an  ovum  has  been  discharged,  has  found  its  way  into 
the  uterus,  and  has  undergone  development,  one  tube  being  closed  and  the  corpus  luteum 
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existing  upon  the  side  on  wliich  the  tube  was  impervious.  In  some  instances  in  wliicli 
the  corpus  luteura  has  been  found  on  tho  side  on  which  the  tube  was  closed,  tubal  preg- 
nancy has  occurred  upon  tho  opposite  side.  In  these  cases,  tho  ovum  must  have  passed 
across  the  uterus.  It  is  possible  that,  tho  subject  lying  upon  one  side,  a  current  of  liquid 
may  have  taken  a  direction  from  the  ovary  to  the  opposite  tube,  but  this  can  be  only  a 
matter  of  conjecture. 

Puberty  and  Menstruation. 

At  a  certain  period  of  life,  usually  between  the  age  of  thirteen  and  of  fifteen  years, 
the  human  female  undergoes  a  remarkable  change  and  arrives  at  what  is  termed  the  age 
of  puberty.  At  this  time,  there  is  a  marked  increase  in  the  general  development  of  the 
body ;  the  limbs  become  fuller  and  more  rounded ;  a  growth  of  hair  makes  its  appearance 
.  upon  the  mons  veneris ;  the  mammary  glands  increase  in  size  and  take  on  a  new  stage  of 
development;  Graafian  follicles  enlarge,  and  one  or  more  approach  the  condition  favor- 
able to  rupture  and  the  discharge  of  ova.  At  this  time,  also,  certain  changes  are  observed 
in  the  moral  as  well  as  in  the  physical  attributes  of  the  female.  There  is  then  a  sort  of 
indefinite  consciousness  of  a  capacity  for  new  functions,  with  an  indescribable  change  in 
feeling  for  the  opposite  sex,  due  to  the  first  development  of  sexual  instincts.  The  female 
becomes  capable  of  impregnation,  and  continues  so,  in  the  absence  of  pathological  condi- 
tions, until  the  cessation  of  the  menses. 

It  is  a  commonly-recognized  fact  that  the  age  of  puberty  is  earlier  in  warm  than  in 
cold  climates;  and  numerous  instances  are  on  record,  in  which  the  menses  have  appeared 
exceptionally,  much  before  the  usual  period.  Generally,  at  the  age  of  forty  or  forty-five, 
the  menstrual  flow  becomes  irregular,  occasionally  losing  its  sanguineous  character,  and 
it  usually  ceases  at  about  the  ago  of  fifty  years.  Sometimes  it  is  said  that  the  menses 
return,  with  a  second  period  of  fecundity,  though  this  is  rare.  According  to  most  writers, 
while  climate  has  a  certain  infiuence  over  the  time  of  cessation  as  well  as  the  first  appear- 
ance of  the  menses,  this  is  not  very  marked.  "When  the  menses  appear  eariy  in  life,  they 
usually  cease  at  a  correspondingly  eariy  period ;  -but  this  is  by  no  means  constant.  There 
are  also,  numerous  exceptions  to  the  ordinary  limits  to  the  period  of  fecundity.  Haller 
observed  a  case  of  a  young  girl,  nine  years  of  age,  who  had  menstruated  for  several  years, 
and  others,  who  had  become  pregnant  at  nine,  ten,  and  twelve  years.  He  also  quotes 
cases  of  women  who  have  been  fruitful  at  from  fifty-four  to  seventy  years  of  age.  Other 
instances  of  this  kind  are  on  record,  which  it  is  unnecessary  to  quote.  The  occurrence 
of  pregnancy  after  the  age  of  fifty  or  fifty-five  is  certainly  doubtful. 


Menstruation. 

It  is  unnecessary  to  discuss  farther  the  correspondence  between  menstruation  in  the 
human  female  and  the  condition  of  heat  in  the  lower  animals,  as  we  have  already  seen, 
under  the  head  of  ovulation,  that  these  two  conditions  are  essentially  identical.  _  In  tlie 
lower  animals,  the  female  will  admit  the  male  only  at  the  period  of  hefrt;  and,  in  some 
animals  in  the  savage  state,  it  is  only  at  this  time  that  the  male  is  capable  of  copulation 
The  variations  in  sexual  temperament  in  the  human  female  are  so  considerable,  and  the 
sentiments  toward  the  opposite  sex  are  so  subordinate  to  artificial  '^'f' 
and  civilization,  that  it  is  difiicnlt  to  establish  a  parallel,  m  this  regard,  between  hei  and 
the  lower  animals.    Some  females  rarely  or  never  experience  sexual  ^^^'^f^f  ^^^^' 
no  orgasm  during  intercourse ;  while  others  seem  to  be  capable  of  sexual  ^^d^r  a  ;°y  >m^^^ 
Women  who  are  in  the  habit  of  promiscuous  relations  with  the  other  ^^^f'-?^"^^;^^ 
the  sexual  feeling  and  simulate  excitement  during  coitus.    It  is  ^^'-y^^'*';"';';;'''^^^^^^ 
say  positively  how  far  the  facts  observed  in  the  lower  animals  are  apphcable  to  tl>e  "™a'i 
subject,  as  we  must  depend  largely  upon  statements  which, 

but  lit  le  consideration.    It  is  nevertheless  true  that,  in  some  women,  sexual  desire  is 
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decidedly  jnarkcd  just  after  the  cessation  of  the  menses,  and  in  many,  it  really  exists  at 
no  other  time.  Still,  mercenary  or  other  considerations  may  induce  women  to  admit 
intercourse  at  any  time,  and  the  sexual  orgasm,  and  even  fecundation,  may  at  any  time 
occur  As  a  rule,  the  female  yields  to  advances  made  by  the  male  and  is  reputed  to 
experience  a  less  degree  of  sexual  desire  and  ardor,  although  this  has  marked  exceptions. 
It  is  probably  true  that,  eliminating,  as  far  as  we  can,  all  considerations  except  those 
of  a  purely  sexual  character,  there  is  less  of  a  promiscuous  feeling  for  the  opposite  sex  in 
females  than  in  males,  and  that  sexual'  desire,  aside  from  feelings  of  fatigue  or  satiety,  is 
sometunes  markedly  periodical  in  women.  If  we  may  take  certain  individual  cases  as 
representing  physiological  conditions,  it  appears  that,  in  some  women,  there  is  a  period 
of  comparative  indifference  to  the  opposite  sex;  as  the  menses  approach,  there  is  more 
or  less  irritability  of  temper  and  disinclination  for  society,  which  disappear  as  the  flow  is 
established ;  and,  at  or  following  the  cessation  of  the  menses,  sexual  desire  is  manifested 
to  an  unusual  degree,  this  continuing  for  only  a  few  days. 

Although  there  is  a  periodical  condition  of  heat  in  the  lower  animals,  connected  with 
ovulation,  a  sanguineous  discharge  from  the  genital  organs  is  not  often  observed.  It  is 
only  in  monkeys  that  we  have  a  counterpart  of  what  occurs  in  the  human  female ;  and 
observations  upon  these  animals  have  shown  that  they  are  subject  to  a  monthly  discharge 
of  blood,  at  this  time  giving  evidence  of  unusual  salacity. 

In  the  liuman  female,  near  the  time  of  puberty,  there  is  sometimes  a  periodical  sero- 
mucous  discharge  from  the  genital  organs,  preceding,  for  a  few  months,  the  regular  estab- 
lishment of  the  menstrual  flow.  Sometimes,  also,  after  the  first  discharge  of  blood,  the 
female  passes  several  months  without  another  period,  when  the  second  flow  takes  place, 
and  the  menses  then  become  regular.  In  a  condition  of  liealth,  the  periods  recur  every 
month,  until  they  cease,  at  what  is  termed  tiie  change  of  life.  In  the  majority  of  cases, 
tiie  flow  recurs  on  the  twenty-seventh  or  the  twenty-eighth  day;  but  sometimes  the 
interval  is  thirty  days.  As  a  rnle,  also,  utero-gestation,  lactation,  and  most  severe  dis- 
eases, acute  and  chronic,  suspend  the  periods ;  but  this  has  exceptions,  as  some  females 
menstruate  regularly  during  pregnancy,  and  it  is  not  very  uncommon  for  the  menses  to 
appear  during  lactation. 

As  we  should  naturally  expect,  from  the  connection  between  menstruation  and  ovu- 
lation, removal  of  the  ovaries,  especially  when  this  occurs  before  the  age  of  puberty,  is 
usually  followed  by  arrest  of  the  menses.  It  is  a  well-known  fact  that  animals  do  not 
present  the  phenomena  of  heat  after  extirpation  of  the  ovaries.  Eaciborski  has  quoted 
eases  of  this  operation  in  the  human  subject,  in  which  the  menses  were  arrested;  but 
this  rule  does  not  appear  to  be  absolute,  as  Dr.  H.  R.  Storer  reports  at  least  one  case,  in 
which  menstruation  continued  with  regularity  for  more  than  a  year  after  removal  of  both 
ovaries.  Dr.  T.  G.  Thomas,  of  New  York,  in  three  cases  of  removal  of  both  ovaries 
•from  menstruating  women,  which  he  followed  for  from  five  and  a  half  months  to  two 
years  and  eleven  months  after  the  operation,  noted  no  return  of  menstruation.  In  one 
case,  nearly  six  months  after  the  operation,  the  patient  had  "  a  bloody  discharge  from 
the  vagina  and  all  the  symptoms  accompanying  the  menstrual  function."  When  a  cow 
brings  forth  twins,  one  a  male  and  the  other  apparently  a  female,  the  latter  is  called  a 
free-martin  and  generally  has  no  ovaries.  Hunter,  in  bis  paper  on  the  free-martin, 
gives  a  full  description  of  this  anomalous  animal  and  states  that  it  does  not  breed  or 
show  any  inclination  for  the  bull.  In  1868,  we  had  an  opportunity  of  examining  the 
generative  organs  of  a  free-martin  raised  and  killed  by  Prof.  James  R.  Wood.  In 
this  animal,  the  uterus  was  rudimentary  and  there  were  no  ovaries. 

A  menstrual  period  usually  presents  three  stages  :  first,  invasion  ;  second,  a  sanguine- 
ous discharge  ;  third,  cessation. 

The  stage  of  invasion  is  variable  in  different  females.  There  is  usually,  anterior  to 
the  establishment  of  the  flow,  more  or  less  of  a  feeling  of  general  malaise,  a  sense  of  ful- 
ness and  weight  in  the  pelvic  organs,  accompanied  with  a  greater  or  less  increase  in  tho 
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quantity  of  vaginal  mucus,  which  bocomos  brownish  or  rusty  in  color.  It  is  probable 
that,  at  this  time,  the  discharge  has  a  peculiar  odor,  though  this  point  is  somewhat  difli- 
oult  to  determine.  In  the  lower  animals,  at  least,  there  is  certainly  a  characteristic  odor 
during  the  rutting  period,  which  attracts  the  male.  At  this  time,  also,  the  breasts  be- 
come slightly  enlarged  in  the  human  female,  showing  the  connection  between  these 
organs  and  the  organs  of  generation.  This  stage  may  continue  for  one  or  two  days, 
although,  in  many  instances,  the  first  evidence  of  the  access  of  a  period  is  a  discharge 
of  blood. 

When  the  general  symptoms  above  indicated  occur,  the  sense  of  uneasiness  is  usually 
relieved  by  the  discharge  of  blood.  During  this,  the  second  stage,  blood  flows  from  tlio 
vagina  in  variable  quantity,  and  the  discharge  continues  for  from  three  to  five  days. 
With  regard  to  the  duration  of  the  flow,  there  are  great  variations  in  different  individu- 
als. Some  women  present  a  flow  of  blood  for  only  one  or  two  days ;  while,  in  others, 
the  flow  continues  for  from  five  to  eight  days,  within  the  limits  of  health.  A  fan-  aver- 
age, perhaps,  is  four  days.'  It  is  also  difficult  to  arrive  at  an  approximation,  even,  of  the 
total  quantity  of  the  menstrual  flow.  Burdach  estimated  it  at  from  five  to  six  ounces. 
According  to  Longet,  this  estimate  is  rather  low,  the  quantity  ordinarily  ranging  from 
ten  to  twelve  ounces,  occasionally  amounting  to  seventeen  ounces,  or  even  more.  It  is 
well  known  that  the  quantity  is  exceedingly  variable,  as  is  the  duration  of  the  flow, 
and  the  difliculties  in  the  way  of  collecting  and  estimating  the  total  discharge  are 
evident. 

The  characters  of  the  menstrual  flow  are  sufiiciently  simple.  Supposing  the  discharge 
to  continue  for  four  days,  on  the  flrst  day,  the  quantity  is  comparatively  small ;  on  the 
second  and  third,  the  flow  is  at  its  height ;  and  the  quantity  is  diminished  on  the  fourth 
day.  During  this,  the  second  stage,  the  fluid  has  the  appearance  of  pure  arterial  blood, 
not  coagulated,  and  mixed,  as  has  been  shown  by  microscopical  examination,  with  pave- 
ment-epithelium from  the  vagina,  cylindrical  cells  from  the  uterus,  leucocytes,  and  a 
certain  amount  of  sero-mucous  secretion.  Chemical  examination  of  the  fluid  does  not 
show  any  marked  peculiarities,  except  that  the  quantity  of  fibrin  is  either  not  estimated 
or  is  given  as  much  less  than  in  ordinary  blood. 

The  mechanism  of  the  haemorrhage,  which  will  be  considered  more  fully  when  we 
come  to  study  the  changes  in  the  uterine  mucous  membrane  during  menstruation, 
'  is  probably  the  same  as  in  epistaxis.  There  is  a  rupture  of  smaU  blood-vessels,  prob- 
ably capillaries,  and  blood  is  thus  exuded  from  the  entire  surface  of  the  membrane 
linino-  the  uterus,  and  sometimes  from  the  membrane  of  the  Fallopian  tubes.  Ihe 
blood  is  then  discharged  into  the  vagina  and  is  kept  fluid  by  the  vaginal  mucus. 
The  mucus  of  the  body  of  the  uterus  is  viscid  and  alkaline ;  the  mucus  secreted  at 
the  neck  is  gelatinous,  viscid,  tenacious,  and  also  alkahne ;  the  vaginal  mucus  is  decid- 
edly acid,  creamy,  and  not  viscid,  containing  numerous  cells  of  scaly  epithehum,  and 

leucocytes.  .  .  ,  .. 

The  thu-d  stage,  that  of  cessation  of  the  menses,  is  very  simple.  Durmg  the  latter 
part  of  the  second  stage,  the  flow  of  blood  gradually  diminishes ;  the  discharge  becomes 
rusty,  then  lighter  in  color;  and,  in  the  course  of  about  twenty-four  hours,  it  assumes 
the  characters  observed  in  the  intermenstrual  period. 

When  the  menstrual  flow  has  become  fully  established,  there  is  no  very  marked  gen- 
eral disturbance,  except  a  sense  of  lassitude,  which  may  become  exaggerated  if  the  dis- 
charge be  unusually  abundant.  It  has  been  noted,  however,  by  Rabuteau,  that,  during 
the  menstrual  period,  the  production  of  urea  is  diminished  more  than  twenty  per  cent 
that  the  pulse  becomes  slower,  and  that  the  temperature  falls  at  least  one  degree  (half 
a  degree,  centigrade). 

.B„rdach  makes  the  foUowin,  statement  ,vitU  regard  to  certain  -'><1'«°- 7^»„^'-;„;^ 
flow:  "The  flow  is  more  abundant  In  the  Indolent  than  in  women  '''''"V^^^^^^^^^^^^ 
Btltutlon  than  in  those  who  onjoy  robust  health ;  in  inhabitants  of  cities  than  m  inhabitants  of  villages. 
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Changes  in  the  Uterine  Mucous  Memhrane  during  Menstruation. -U  the  mucous  mem- 
brane of  the  uterus  be  examined  during  the  menstrual  flow,  it  is  found  smeared  with 
blood,  which  sometimes  extends  into  the  Fallopian  tubes.  It  is  then  much  thicker  and 
softer  than  during  the  intermenstrual  period.  Instead  of  measuring  about  of  an  mch 
in  thickness,  as  it  does  under  ordinary  conditions,  its  thickness  is  from  i  to  i  of  an  inch. 
It  becomes  more  loosely  attached  to  the  subjacent  parts,  is  somewhat  rugous,  and  the 
glands  are  very  much  enlarged.  At  the  same  time,  there  are  developed,  m  the  substance 
of  the  membrane,  numerous  spherical  and  fusiform  cells.  According  to  the  recent  and 
very  striking  researches  of  Kundrat  and  Engelmann,  this  condition  probably  precedes  the 
discharge  of  blood  by  several  days,  during  which  time,  the  membrane  is  gradually  pre- 
paring for  the  reception  of  the  ovum.  One  of  the  most  important  pomts  in  these  re- 
searches is  that  there  is  a  fatty  degeneration  of  the  different  elements  entering  into  the 
structure  of  the  mucous  membrane,  including  the  blood-vessels,  this  change  being  most 
marked  at  the  surface;  and  it  is  on  account  of  the  weakened  condition  of  the  vascular 
walls  that  the  hsmorrhage  takes  place.  A  short  time  after  the  flow  has  ceased,  the 
mucous  membrane  returns  to  its  ordinary  condition. 

We  have  already  noted  that  there  is  a  considerable  desquamation  of  epithelium  from 
the  uterus  with  the  flow  of  blood,  during  the  menstrual  period.  Sometimes,  in  normal 
menstruation,  the  epithelium  is  in  the  form  of  patches;  and,  in  certain  cases  of  dysmen- 
orrhea, there  is  a  membranous  exfohation,  which  has  led  to  the  idea  that  the  mucous 
membrane  is  actually  thrown  off.  In  normal  menstruation,  there  is  no  true  exfoliation 
of  the  membrane,  and,  even  in  what  is  called  membranous  dysmenorrhea,  the  so-called 
membrane  is  usually  nothing  more  than  a  membraniform 
exudation,  secreted  by  the  mucous  surface. 

Changes  in  the  Graafian  Follicles  after  their  Rupture 
{Corpus  Luteum).  — After  the  discharge  of  an  ovum,  its 
Graafian  follicle  undergoes  certain  retrograde  changes,  in- 
volving the  formation  of  what  is  called  the  corpus  luteum. 
Even  when  the  discharged  ovum  has  not  been  fecundated, 
the  corpus  luteum  persists  for  several  weeks,  so  that,  ovu- 
lation occurring  every  month,  several  of  these  bodies,  in 
various  stages  of  retrogression,  may  sometimes  be  seen  in  the 
ovaries. 

For  a  certain  time  anterior  to  the  discharge  of  the  ovum, 
there  is  a  cell-growth  from  the  proper  coat  of  the  Graafian  fol- 
licle, and  probably  from  the  membrana  granulosa,  with  a  pro- 
jection of  looped  blood-vessels  into  the  interior  of  the  follicle, 
which  is  the  first  formation  of  the  corpus  luteum.  At  the 
time  of  rupture  of  the  follicle,  the  ovum,  with  a  great  part 
of  the  membrana  granulosa,  is  discharged.  Sometimes,  at  the 
time  of  rupture  of  the  follicle,  there  is  a  discharge  of  blood 

into  its  interior;  but  this  is  not  constant,  though  we  usually  2,  ^,  Z'^ 

have  a  gelatinous  exudation,  more  or  less  colored  with  blood.      ma  of  the  pyary;  c  conjo- 

°  .   '  ,,1  1  i      !,„        hited  wall  of  the  Graafian  fol- 

At  the  same  time,  the  follicular  wall  undergoes  hypertropny,  decolorized  clot;  /, 

and  it  becomes  convoluted,  or  folded,  and  highly  vascular.  fibrous  enveiopo  of  the  corpus 
This  convoluted  wall,  formed  by  the  proper  coat  of  the  fol- 
licle, is  surrounded  by  the  fibrous  tunic,  and  its  thickening  is  most  marked  at  the  deep- 
est portion  of  the  follicle.  At  the  end  of  about  three  weeks,  the  body— which  is  now 
called  the  corpus  luteum,  on  account  of  its  yellowish  or  reddish-yellow  color— has  arrived 
at  the  height  of  its  development  and  measures  about  half  an  inch  in  depth  by  about 
three-quarters  of  an  inch  in  length,  its  form  being  ovoid.  The  convoluted  wall  then 
contains  a  layer  of  large,  pale,  finely  granular  cells,  which  are  internal  and  are  sup- 


FiG.  iSi— Sections  of  two  cor- 
pora- lutea;  natural  aiee. 
(KoUiker.) 
1,  corpus  luteum  eight  days  after 
conception :  a,  external  coat 
of  the  ovaiy ;  6,  stroma  of  the 
ovary;  c,  convoluted  wall  of 
Graafian  follicle;  d,  clot  of 
blood. 
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posed  to  be  the  remains  of  the  opithelium  of  the  follicle.  The  great  mass  of  this  wall, 
however,  is  composed  of  large  nucleated  cells,  containing  fatty  globules  and  granulcs 
of  reddish  or  yellowish  pigmentary  matter.  The  thickness  of  the  wall  is  about  one- 
eighth  of  an  inch,  at  its  deepest  portion. 

After  about  the  third  week,  the  corpus  luteum  begins  to  retract ;  its  central  .portion 
and  the  convoluted  wall  become  paler,  and,  at  the  end  of  seven  or  eight  weeks,  a  small 
cicatrix  marks  the  point  of  rupture  of  the  follicle. 

The  above  are  tiie  changes  which  occur  in  tlie  Graafian  follicles  after  their  rupture 
and  the  discharge  of  ova,  when  the  ova  have  not  been  fecundated  ;  and  the  bodies  thus 
produced  are  called  false  corpora  lutea,  as  distinguished  from  coi-pora  lutea  found  after 
conception,  which  are  called  true  corpora  lutea. 

Gorpiis  Luteum  of  Pregnancy. — Before  the  process  of  spontaneous  ovulation  and  its 
connection  with  menstruation  were  understood,  anatomists  were  unable  to  make  a  defi- 
nite distinction  between  the  corpus  luteum  following  the  discharge  of  an  ovum  without 
fecundation,  called  the  corpus  luteum  of  menstruation,  and  the  corpus  luteum  of  preg- 
nancy. Ooste  exactly  described  the  various  points  of  distinction  between  them ;  and 
his  account  of  the  differences  in  the  development  of  these  bodies,  dependent  upon  the 
non-fecundation  or  the  fecundation  of  the  ovum,  is  still  regarded  as  entirely  accurate  and 
answers  the  requirements  of  science  at  the  present  day,  even  in  its  medico-legal  aspects, 
as  well  as  in  1847,  when  his  observations  were  published. 

When  a  discharged  ovum  has  been  fecundated,  the  corpus  luteum  passes  through  its 
various  stages  of  development  and  retrogression  much  more  slowly  than  the  ordinary 
corpus  luteum  of  menstruation.  It  is  then  called,  to  distinguish  it  from  the  latter,  the 
true  corpus  luteum.  We  cannot  do  better  than  to  quote,  in  the  words  of  Coste,  the 
description  of  the  changes  which  this  body  undergoes  in  pregnancy : 

"I  have  followed,  with  the  greatest  care,  in  the  pregnant  female,  all  the  phases  of 
this  retrogression.  This  commences  to  be  really  appreciable  toward  the  end  of  the  third 
month.  During  the  fourth  month,  the  corpus  luteum  diminishes  by  nearly  a  third,  and 
toward  the  end  of  the  fifth,  it  is  ordinarily  reduced  one-half.  It  stiU  forms,  however, 
during  the  first  days  after  parturition,  and  in  the  greatest  number  of  cases,  a  tubercle 
which  has  a  diameter  of  not  less  than  from  f  to  i  of  an  inch.  The  tubercle  afterward 
diminishes  quite  rapidly ;  but  it  is  nearly  a  month  before  it  is  reduced  to  the  condition 
of  a  little,  hardened  nucleus,  which  persists  more  or  less  as  the  last  vestige  of  a  process 
so  slow  in  arriving  at  its  final  term.  N'evertbeless,  there  is  nothing  absolute  in  the  retro- 
grade progress  of  this  phenomenon.  I  have  seen  women,  dead  at  the  sixth  and  even  the 
eighth  month  of  pregnancy,  present  corpora  lutea  as  voluminous  as  others  at  the  fourth 

month.  .  1  4.  T 

"  Although  it  may  not  be,  in  general,  that,  after  parturition,  the  corpora  lutea  dis- 
appear, it  is  nevertheless  not  without  examples  that  they  disappear  much  more  prompt- 
ly I  have  had  the  opportunity  of  examining  the  body  of  a  woman,  dead  in  the  course 
of  the  eighth  month  of  pregnancy,  in  whom  the  absorption  was  already  complete. 
Facts  of  this  kind  are  doubtless  very  rare,  as  only  one  has  occurred  in  my  observa- 
tions, notwithstanding  the  numerous  researches  to  which  I  have  devoted  myself  for  a 

"  There'exists  a  notable  difference  between  the  corpora  lutea  which  are  formed  as 
the  sequence  of  conception,  and  those  which  occur  aside  from  tl^  ^^^f  ^'^^  Jj^^^^^ 
by  impregnation.  The  duration  of  the  former  is  much  longer  than  bat  of  the  latter, 
L  the  volume  becomes,  also,  much  more  considerable,  although  their  -ture  is^  in 
truth,  identical.  I  have  too  often  had  occasion  to  remark  this,  m  the  ovar.es  of  smcides, 
to  retain  the  slightest  doubt  in  this  regard."  „„  „f  fi,„  nnrn„= 

The  following  table,  quoted  from  Coste,  shows  the  different  stages  of  «^  corp" 
luteum  of  pregnancy.    It  will  be  remembered  that  the  corpus  uteum  of  menstruation  is 
at  its  maximum  of  development  at  the  end  of  iibout  three  weeks,  when  it  measures  half 
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an  inch  in  depth  by  three-quarters  of  an  inch  in  length,  that  it  then  begins  to  retract, 
and  becomes  a  small  cicatrix  at  the  end  of  seven  or  eight  weeks.' 


Dimensiom  of  the  Corpus  Zuteum  at  different  Stages. 


'  25  to  30  days  

About  40  days.  .  .  , 

2  months  

3  months  

In  the  ith  month. 

Idem  

Idem  

la  the  5th  month. 

5  months  

In  the  6th  month. 

7  months  

In  the  9th  month. 


'20  hours  after. 
3  days  after .  . . 

Idem  

7  days  after.  . . 


Corpora  lutea. 


Long  diameter. 


Short  diameter. 


inch. 


\  inch. 


J. 

:l 

i-s 


Observations. 


It  is  rare  that  a  corpus  lu- 
teum  assumes  a  spherical  form, 
and  that,  whatever  be  the  sec- 
tion, its  diameters  are  equal,  or 
nearly  so.  It  generally  under- 
goes, in  its  development,  a  sort 
of  compression  in  the  same 
way  as  does  the  ovary.  Here, 
only  the  long  and  the  short 
diameters,  taken  from  a  section 
of  the  copora  lutea,  have  been 
measured,  the  ovary  being  di- 
vided longitudinally,  and,  as 
it  is,  generally  figured  in  the 
plates  of  the  atlas. 

j-  Double  gestation. 
V  Double  gestation. 


Male  Organs  and  Elements  of  Generation. 

There  is  not  the  same  physiological  interest  attached  to  the  anatomical  study  of  the 
male  genitalia,  particularly  the  external  organs,  as  there  is  to  the  corresponding  parts 
in  the  female,  for  the  reason  that  the  function  of  the  spermatozoids  is  accomplished 
within  the  female  organs,  where  they  unite  with  the  ovum  and  where  the  processes  of 
development  take  place.  The  anatomy  of  the  penis  and  urethra  has  a  more  exclusively 
surgical  interest.  As  physiologists,  we  have  to  study  the  testicles  (organs  which  cor- 
respond to  the  ovaries,  and  in  which  the  male  generative  element  is  developed),  the 
various  glandular  structures  which  secrete  fluids  forming  a  part  of  the  ejaculated  semen, 
the  mechanism  of  erection,  by  which  penetration  of  the  male  organ  into  the  vagina  is 
rendered  possible,  the  composition  of  the  seminal  fluid  and  the  mechanism  of  its  ejac- 
ulation, and  the  course  of  the  semen  in  the  generative  passages  of  the  faraale  until  it  is 
brought  in  contact  with  and  fecundates  the  ovum.  As  regards  the  penis,  it  will  be  suffi- 
cient to  describe,  as  we  shall  under  the  head  of  coitus,  the  mechanism  of  erection  and 
of  the  ejaculation  of  semen.  It  will  be  necessary,  however,  to  study  the  structure  of 
the  testicles  and  of  the  various  glandular  organs  connected  witli  the  urethra,  in  order 
to  understand  the  development  of  the  spermatozoids  and  the  composition  of  the  seminal 
fluid. 

The  Testicles. — The  testicles  are  two  symmetrical  organs,  situated,  during  a  certain 
portion  of  intra-utcrine  life,  in  the  abdominal  cavity,  but  finally  descending  into  the 
scrotum.    Within  the  scrotum,  which  is  a  pouch-like  proce.ss  of  integument,  are  the 

'  In  1831,  Dr.  .T.  C.  Dalfon  published  an  essay  on  the  "  Corpus  Luteum  of  Menstruation  and  Preg:nancy,"  in  which 
he  pointed  out  very  accurately  the  different  points  of  distinction  between  what  had  been  Icnown  as  the  false  and  tlio 
true  corpora  lutea.  These  observations  it  Is  unnecessary  to  quote  in  detail,  as  the  results  wore  almost  identical  with 
those  obtained  by  Coste ;  but  they  are  peculiarly  interesting,  not  only  from  the  accuracy  of  the  descriptions,  but  as 
they  wore  made  independently,  and  without  any  knowledge  of  the  publication  by  Oosto  four  years  before. 
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two  tosticlos,  with  tlieir  coverings,  vessels,  nerves,  etc.  Tlie  skin  of  the  scrotum  encloses 
both  tosticlos,  but  is  marked  by  a  median  raphe.  Immediately  beneath  the  skin,  is  a 
loose,  reddish,  contractile  tissue,  called  the  dartos,  which  forms  two  distinct  sacs,  one 
enveloping  each  testicle,  the  inner  portion  of  these  sacs  fusing  in  the  median  line,  to  form 
the  septum.  Within  these  two  sacs,  the  coverings  of  each  testicle  are  distinct.  These 
organs  are,  as  it  were,  suspended  in  the  scrotum  by  the  spermatic  cords,  the  left  usually 
hanging  a  little  lower  than  the  right.  The  coverings  for  each  testicle,  in  addition  to 
those  just  mentioned,  are  the  intercolumnar  fascia,  the  cremaster  muscle,  the  infundi- 
buliform  fascia,  the  tunica  vaginahs,  and  the  proper  fibrous  coat. 

The  tunica  vaginalis  is  a  shut  sac  of  serous  membrane,  covering  the  testicle  and  epi- 
didymis, and  reflected  from  the  posterior  border  of  the  testicle  to  the  wall  of  the  scrotum, 
lining  the  cavity  occupied  by  the  testicle  on  either  side,  and  also  extending  over  the 
spermatic  cord.  This  tunic  is  really  a  process  of  peritoneum,  which  has  become  shut  off 
from  the  general  lining  of  the  abdominal  cavity.  The  spermatic  cord  is  composed  of 
the  vas  deferens,  blood-vessels,  lymphatics,  and  nerves,  witli  tbe  various  coverings  already 
described,  which  expand  and  surround  the  testicle. 

Beneath  the  tunica  vaginalis,  are  the  testicles,  with  their  proper  fibrous  coat.  These 
organs  are  ovoid,  and  flattened  laterally  and  posteriorly.  "  They  are  from  an  inch  and 
a  half  to  two  inches  long,  about  an  inch  and  a  quarter  from  the  anterior  to  the  posterior 
border,  and  nearly  an  inch  from  side  to  side.  The  weight  of  each  varies  from  three- 
quarters  of  an  ounce  to  an  ounce,  and  the  left  is  often  a  little  the  larger  of  the  two." 
(Quain.)  The  proper  fibrous  coat  is  everywhere  covered  by  the  closely  adherent  tunica 
vaginalis,  except  at  the  posterior  border,  where  the  vessels  enter  and  the  duct  passes 
out.  At  the  outer  edge  of  this  border,  is  the  epididymis,  formed  of  convoluted  tubes,  pre- 
senting a  superior  enlargement,  called  the  globus  major,  a  long  mass  running  the  length 
of  the  testicle,  called  the  body,  and  a  smaller  enlargement  inferiorly,  called  the  globus 
minor.  This,  too,  is  covered  with  the  tunica  vaginalis.  Between  the  membrane  cover- 
ing the  testicle  and  epididymis  and  the  layer  lining  the  scrotal  cavity,  is  a  small  quan- 
tity of  serum,  just  enough  to  moisten  the  serous  surfaces.  At  the  superior  portion 
of  the  testicle,  we  usuaUy  find  one  or  more  small,  ovoid  bodies,  each  attached  to  the 
testicle  by  short,  constricted  processes,  which  are  called  the  hydatids  of  Morgagni. 
These  have  no  physiological  importance  and  are  supposed  to  be  the  remams  of  fcetal 

structures.  . 

The  proper  fibrous  coat  of  the  testicle  is  called  the  tunica  albugmea.  It  is  white, 
dense,  inelastic,  measures  about  ^  of  an  inch  in  thickness,  and  is  simply  for  the  protec- 
tion of  the  contained  structures.  Sections  of  the  testicle,  made  in  various  directions, 
show  an  imcomplete  vertical  process  of  the  tunica  albuginea,  called  the  corpus  Highmo- 
rianum,  or  the  mediastinum  testis.  This  is  wedge-shape'd,  about  i  of  an  inch  wide  at 
its  superior  and  thickest  portion,  is  pierced  by  numerous  openings,  and  lodges  blood- 
vessels and  seminiferous  tubes.  From  the  mediastinum,  numerous  dehcate,  radiatmg 
processes  of  connective  tissue  pass  to  the  inner  surface  of  the  tunica  albugmea,  dividmg 
the  substance  of  the  testicle  into  imperfect  lobules,  which  lodge  the  seminiferous  tubes. 
The  number  of  these  lobules  has  been  estimated  at  from  one  hundred  and  fifty  to  two 
hundred.  Their  shape  is  pyramidal,  the  larger  extremities  presenting  toward  the  sur- 
face and  the  pointed  extremities  situated  at  the  mediastinum.  _ 

Lilg  the  tunica  albuginea  and  following  the  mediastinum  and  the  processes  which 
peneZe'the  testicle,  is  a  tunic,  composed  of  blood-vessels  and  delicate  connect.ve  t.ssue, 
called  the  tunica  vasculosa,  or  pia  mater  testis. 

Lodged  in  the  cavities  formed  by  the  trabecular  of  conneo  .ve  tissue,  a.  e  ti  e  emi- 
niferous  tubes,  in  which  the  male  elements  of  generation  '^'•^^^^^^'^Pf^'^- J^^^^^J"^^^^ 
exist  to  the  number  of  about  eight  hundred  and  forty  ,n  each  testicle  jmd  const  tute 
almost  the  entire  substance  of  the  lobules.  The  larger  lobules  contain  five  o  six  k  hes 
the  lobules  of  medium  size,  three  or  four,  and  the  smallest  frequently  enclose  but  a  single 
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tube.  Each  tube  presents  a  convoluted  mass,  which  can  frequently  be  disentangled  under 
water,  particularly  if  the  testicle  bo  macerated  for  several  months  in  water  with  a  little 
nitric  acid.  The  entire  lengtli  of  the  tube,  when  thus  unravelled,  is  about  thirty  inches, 
and  its  diameter  is  from  ^J-^-  to  i  J^^  of  an  inch.  It  begins  by  from  two  to  seven  sliort, 
blind  extremities  and  sometimes  by  anastomosing  loops.  The  caacal  diverticula  are  found 
usually  in  the  external  half  of  the  tube,  and  their  length  is  from  -^V  to  ^  of  an  inch.  The 
anastomoses  are  sometimes  between  the  tubes  of  different  lobules,  sometimes  between 
tubes  in  the  same  lobule,  and  sometimes  between  different  points  in  the  same  tube.  As 
the  tubes  pass  toward  the  posterior  portion  of  the  testicle,  they  unite  into  about  twenty 
straight  canals,  called  the  vasa  recta,  about  -f^  of  an  inch  in  diameter,  which  penetrate 
the  mediastinum  testis.  In  the  mediastinum,  the  tubes  form  a  close  net-work,  called  the 
rete  testis;  and,  at  the  upper  portion  of  the  posterior  bordei-,  they  pass  out  of  the 
testicle,  by  from  twelve  to  fifteen  openings,  and  are  here  called  the  vasa  efferentia. 

Having  passed  out  of  the  testicle,  the 
vasa  efferentia  form  a  series  of  small,  con- 
ical masses,  which  together  constitute  the 
globus  major,  or  head  of  the  epididymis. 
Each  of  these  tubes,  when  unravelled,  is 
from  six  to  eight  inches  long,  gradually 
increasing  in  diameter,  imtil  they  all  unite 
into  a  single,  convoluted  tube,  which  forms 
the  body  and  the  globus  minor  of  the  epi- 
didymis. This  single  tube  of  the  epididy- 
mis, when  unravelled,  is  about  twenty  feet 
in  length. 

The  walls  of  the  seminiferous  tubes  in 
the  testicle  itself  are  composed  of  connec- 
tive tissue,  a  hasement-raembrane,  and  a 
lining  of  granular,  nucleated  cells.  In  the 
rete  testis,  it  is  uncertain  whether  the  tubes 
have  a  special  fibrous  coat  or  are  simple 
channels  in  the  fibrous  structure.  They 
are  here  lined  with  pavement-epithelium. 
In  the  vasa  efferentia  and  the  epididymis, 
we  have  a  fibrous  membrane,  with  longi- 
tudinal and  circular  fibres  of  involuntary 
muscular  tissue  and  a  lining  of  ciliated 
epithelium.  The  movement  of  the  cilia  is 
toward  the  vas  deferens.  In  the  lower 
portion  of  the  epididymis,  the  cilia  are  ab- 
sent. The  tubular  structures  of  the  testicle, 
the  epididymis,  and  the  commencement  of 
the  vas  deferens  are  shown  in  Fig.  282. 

At  the  lower  portion  of  the  epididymis,  communicating  with  the  canal,  there  is 
usually  found  a  small  mass,  formed  of  a  convoluted  tube  of  variable  length,  called  the 
vas  aberrans  of  ITallcr.  {i,  Fig.  282.)  This  is  somietimes  wanting,  and  its  function, 
which  cannot  be  very  important,  is  unknown. 

Vas  Deferens. — The  excretory  duct  of  the  testicle  extends  from  the  epididymis  to  the 
prostatic  portion  of  the  urethra  and  is  a  continuation  of  the  single  tube  which  forms  the 
body  and  globus  minor  of  the  ei)ididymis.  It  is  somewhat  tortuous  near  its  origin  and 
becomes  larger  at  the  base  of  the  bladder,  just  before  it  is  joined  by  the  duct  of  the  semi- 
nal vesicle.  Near  its  point  of  junction  with  this  duct,  it  becomes  narrower.  Its  entire 
length  is  nearly  two  feet. 
56 


Fig.  282. — 7'esUcle  and  epididymis  of  the  human  ani- 
jeci.  (Arnold.) 

a,  testicle  ;  h,  6,  &,  6,  lobules  of  the  testicle ;  c,  c,  vasa  rec- 
ta;  d,d,  rete  testis  ;  c,  e,  vasa  efferentia ;  /,/,/,  cones 
of  the  globus  major  of  the  epididymis ;  g,'  g,  epi- 
didymis ;  A,  /i,  vas  deferens  ;  vas  aberrans  ;  3n, 
branches  of  the  spermatic  artery  to  the  testicle  and 
epididymis  :  ii,  n,  «,  ramification  of  the  artery  upon 
the  testicle :  o,  deferential  artery ;  p,  anastomosis  of 
the  deferential  mth  the  spermatic  artery. 
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The  course  of  the  vas  deferens  is  in  the  spermatic  cord  to  the  external  abdominal 
ring,  through  tlie  inguinal  canal  to  the  internal  ring,  where  it  leaves  the  blood-vessels, 
passes  beneath  the  peritoneum  to  the  side  of  the  bladder,  then  along  the  base  of  the 
bladder  by  the  inner  side  of  the  seminal  vesicle,  finally  joining  the  duct  ot  the  semmal 
vesicle,  the  common  tube  forming  the  ejaculatory  duct,  which  opens  into  the  prostatic 
portion  of  the  urethra.  ,  i 

The  walls  of  the  vas  deferens  are  thick,  abundantly  supplied  with  vessels  and  nerves, 
and  provided  with  an  external  fibrous,  a  middle  muscular,  and  an  internal  mucous  coat. 
The  greater  part  of  that  portion  of  the  tube  which  is  connected  with  the  bladder  is  dilated  ■ 
and  sacculated  The  fibrous  coat  is  composed  of  strong  connective  tissue.  The  muscular 
coat  presents  three  layers ;  an  external,  rather  thick  layer  of  longitudinal  fibres  a  thin, 
middle  layer  of  circular  fibres,  and  a  thin,  internal  layer  of  longitudinal  fibres,  all  of  the 
non-striated  variety.  By  the  action  of  these  fibres,  the  vessel  may  be  made  to  undergo 
energetic  peristaltic  movements,  and  this  has  followed  galvanization  of  that  portion  of 
the  spinal  cord  corresponding  to  the  fourth  lumbar  vertebra,  which  is  described  by  Budge 
as  the  genito-spinal  centre.  .  ,    ,         v    i  ^  n  ;„ 

The  mucous  membrane  of  the  vas  deferens  is  pale,  thrown  into  longitudmal  folds  in 
the  greatest  part  of  the  canal,  and  presents  numerous  additional  rugae  in  the  sacculated 
portion,  these  ruga,  enclosing  little,  irregular,  polygonal  spaces.  The  membrane  is  cov- 
ered with  columnar  epitheUum,  which  is  not  ciliated.  In  the  sacculated  portion,  are 
numerous  mucous  glands.  .    .  r  „„„ 

Attached  to  the  vas  deferens,  near  the  head  of  the  epididymis,  is  a  httle  mass  of  con- 
voluted and  sacculated  tubes,  called  the  organ  of  GiraldSs,  or  the  corpus  ^-o-^f 

This  body  is  from  i  to  i  of  an  inch  long  and 
of  an  inch  broad.  Its  tubes  are  lined  with 
cells  of  pavement-epithelium,  which  are  often 
filled  with  fatty  granules.  Generally,  the  tubes 
present  only  blind  extremities,  but  some  of 
them  occasionally  communicate  with  the  tubes 
of  the  epididymis.  This  organ  has  no  physio- 
logical importance.  It  is  regarded  by  Giraldes 
as  a  remnant  of  the  Wolffian  body,  analogous 
to  the  parovarium. 

VesiculoB  Seminales.— Attached  to  the  base 
of  the  bladder  and  situated  externally  to  the 
vasa  deferentia,  are  the  two  vesiculfs  semi- 
nales.  These  bodies  are  each  composed  of  a 
coiled  and  sacculated  tube,  from  four  to  six 
inches  in  length  when  unravelled,  and  some- 
what convoluted,  in  the  natural  state,  into  an 
ovoid  mass  which  is  firmly  bound  to  the  vesical 
wall  The  structure  of  the  seminal  vesicles  is 
^^■l,^"«;/ili^;;'^«riS.S.f"'"'"  not  very  unlike  that  of  the  sacculated  portion 
a  yas  doferens;  6,  Bominai  vesicle ;  c  ejaeuiatory     ^  ^|    ^^^^  deferentia.    They  have  an  external 

montanuA ;  A,    prostate.  ^  mucous  lining.    Muscular  fibres  pass 

over  these  vesicles  from  the  bladder,  hot.  V^^^^^lt^^-^^ 
and  serve  as  compressors,  by  the  action  of  which  t^;^"^^,?'^*^^  f^^^J^^^  epithelium, 
mucous  coat  is  pale,  finely-reticulated,  and  is  <^o^^^^^  -^^  IndSfbeen  fid  in  itl 
nucleated  and  containing  browmsh  granules.    No  mucous  glanas 

substance.  .        .    ,  i  „f       receptacles  for  the 

The  vesiculfo  seminales  undoubtedly  serve,  m  part  at  least,  as  p 
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seminal  fluid,  as  their  contents  often  present  a  greater  or  less  number  of  sperniatozoids. 
Altliough  the  mucous  membrane  of  the  vesicles  seems  to  produce  an  independent  secre- 
tion, the  presence  of  glands  has  not  been  demonstrated.  The  lact  tliat  the  fluid  capable 
of  fecundating  the  ovum  is  produced  only  by  the  testicles,  that  the  spermatozoids  are 
the  true  fecundating  elements  of  the  male,  and  that  these  are  developed  in  the  testicles, 
shows  that  the  spermatozoids  found  in  the  seminal  vesicles  pass  into  their  cavity  from  the 
vasa  deferentia. 

The  ejaculatory  ducts  are  formed  by  the  union  of  the  vasa  deferentia  with  the  ducts 
of  the  vesiculjB  seminales  on  either  side  and  open  into  the  prostatic  portion  of  the  urethra. 
Except  that  their  coats  are  much  thinner,  they  have  essentially  the  same  structure  as  the 
vasa  deferentia. 

Prostate. — Surrounding  the  inner  extremity  of  the  urethra,  including  what  is  known 
as  its  prostatic  portion,  is  the  prostate  gland  or  body.  This  organ,  except  as  it  secretes 
a  fluid  which  forms  a  part  of  the  ejaculated  semen,  has  chiefly  a  surgical  interest,  so  that 
it  is  unnecessary  to  describe  minutely  its  form  and  relations.  It  is  enveloped  in  an 
exceedingly  dense,  fibrous  coat,  contains  numerous  glandular  structures  opening  into  the 
urethra,  and  presents  a  great  number  of  non-striated,  witli  a  few  striated  muscular  fibres, 
some  just  beneath  the  fibrous  coat  and  others  penetrating  its  substance  and  surronnding 
the  glands. 

The  glands  of  the  prostate  are  most  distinct  at  that  portion  which  lies  behind  the 
urethra.  In  the  posterior  portion  of  this  canal,  are  found  about  twenty  openings,  which 
lead  to  tubes  ramifying  in  the  glandular  substance.  These  tubes  are  formed  of  a  struct- 
ureless membrane,  branching  as  it  penetrates  the  gland.  They  present  hemispherical 
diverticula  in  their  course,  and  terminate  in  dOated  extremities,  which  are  looped  and 
coiled.  In  the  deeper  portions  of  the  tubes,  the  epithehnm  is  columnar  or  cubical,  becom- 
ing tesselated  near  their  openings,  and  sometimes  laminated. 

The  prostatic  fluid  is  probably  secreted  only  at  the  moment  of  ejaculation.  Its  char- 
acters will  be  considered  under  the  head  of  the  seminal  fluid ;  but  we  may  here  note 
that  it  has  been  thought  by  Kraus,  that  the  prostatic  fluid  has  the  important  function  of 
maintaining  the  vitality  of  the  spermatozoids.  "  The  spermatozoa,  in  the  absence  of  the 
prostatic  fluid,  cannot  live  in  the  mucous  membrane  of  the  uterus  of  mammalia ;  but 
with  its  aid  they  may  live  for  a  long  time  in  the  uterine  mucus,  often  more  than  thirty- 
six  hours." 

Olands  of  the  Urethra. — In  front  of  the  prostate,  opening  into  the  bulbous  portion  of 
tlie  urethra,  are  two  small  racemose  glands,  called  the  glands  of  M6ry  or  of  Cowper. 
These  have  each  a  single  excretory  duct,  are  lined  throughout  with  cylindrical  epithe- 
lium, and  secrete  a  viscid,  mucus-like  fluid,  which  forms  a  part  of  the  ejaculated  semen. 
Sometimes  there  exists  only  a  single  gland,  and  occasionally,  though  rarely,  both  are 
absent.    Their  function  is  probably  not  very  important. 

The  glands  of  Littre,  found  throughout  the  entire  urethra  and  most  abundant  on  its 
anterior  surface,  are  simple  racemose  glands,  extending  beneath  the  mucous  membrane 
into  the  muscular  structure,  presenting  here  four  or  five  acini.  As  these  acini  are 
surrounded  by  muscular  fibres,  we  can  readily  understand  how  their  secretion  may  be 
pressed  out  during  erection  of  the  penis.  They  are  lined  throughout  with  columnar 
or  conoidal  epithelium,  and  secrete  a  clear  and  somewhat  viscid  mucus,  which  is  mixed 
with  the  ejaculated  semen. 

Male  Elements  of  Generation. 

The  ejaculated  seminal  fluid  contains  the  male  elements  of  generation ;  but  it  must 
be  remembered  that  the  complex  fluid  known  as  the  semen  is  composed  of  anatomical 
elements  developed  in  the  testicle  itself,  mixed  with  the  secretion  of  the  vasa  deferentia, 
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ol-tho  vesiouliB  seminalus,  of  the  glands  of  the  prostate,  and  of  the  glands  of  the  urethra. 
As  we  shall  see  when  wo  come  to  discuss  the  nieclmnism  of  fecundation  of  the  ovmn,  the 
snermatozoids  are  the  essential  male  elements,  and  these  are  produced  ui  the  suhstauce 
of  the  testicle,  hv  a  process  analogous  to  that  of  the  development  of  other  true  anatonu- 
cal  elements,  and  not  l.y  the  mechanism  with  which  we  are  familiar  in  secretmg  g  am  s. 
The  testicles  cannot  be  regarded  strictly  as  glandular  organs.  They  are  analogous  to  he 
ovaries  and  they  are  the  only  organs  in  which  spermatozoids  can  be  developed,  as  the 
ovaries' arc  the  only  organs  in  which  the  ovu...  can  be  formed.-  If  the  testicles  he  absent, 
the  power  of  fecundation  is  lost,  none  of  the  fluids  secreted  by  the  accessory  organs  of 
generation  being  able  to  perform  the  functions  of  the  true  fecundating  elements. 

In  the  healthy  male,  at  the  climax  of  a  normal  venereal  orgasm,  from  half  a  drachm 
to  a  drachm  of  seminal  fluid  is  ejaculated  with  considerable  force  from  the  urethra  by  an 
involuntary  muscular  spasm.  This  fluid  is  slightly  mucilaginous,  grayish  or  whitish, 
streaked  with  lines  more  or  less  opaque,  and  it  evidently  contains  various  kinds  of  mucus 
It  has  a  faint  and  peculiar  odor,  sui  generis,  which  is  observed  only  m  the  ejaculated 
fluid  and  not  in  any  of  its  constituents  examined  separately.  It  is  a  little  heavier  than 
>vater  and  does  not  mix  with  it  or  dissolve.  After  ejaculation,  it  becomes  jelly-hke  and 
dries  into  a  peculiar,  hard  mass,  which  may  be  softened  by  the  apphca  ion  ot  appi-opnate 
hquids.  The  liquid  is  not  coagulated  by  heat  and  does  not  contam  olbumen.  Its  reac- 
tion is  faintly  alkaline.    It  contains,  in  the  human  subject,  from  100  to  120  parts  of  solid 

"Te'cLmical  constitution  of  the  semen  has  not  been  very  thoroughly  investigated 
and  does  not  present  the  same  physiological  interest  as  its  anatomical  characteis  As^de 
from  the  anatomical  elements  derived  from  the  testicles  and  the  genital  passages,  t  pie- 
senTs  an  organic  principle  (spermatine)  which  has  nearly  the  same  chemical  characters  as 
ord  Laiy  mucosiie.  It  also  contains  a  considerable  quantity  of  phosphates,  P-  ;-Wly 
the  phosphate  of  magnesia.  During  desiccation,  the  characteristic  crys  als  ot  this  a 
uluy  make  their  appearance ;  and,  in  the  decomposed  fluid,  we  frequently  find  crystals 

r  clVoStlcter  of  the  seminal  fluid  will  be  better  understood  if  we  examine 
briefly  the  properties  of  the  different  mucous  secretions  which  enter  into  composition 

In  the  delated  portion  of  the  vasa  deferentia,  the  mucous  glands  seci;e  e  a  fluid  wh  h 
the  first  that  is  added  to  the  spermatozoids  as  they  come  from  the  testicks    This  fluid  is 
Zlli  oT^Jyl^    It  contains  epithelium,  and  ^f^^^'^'^^^^^^^^ 
dark  and  strongly  refractive.   The  liquid  itself  is  very  shghtly  viscid.  In  the  vesiculffl  semi 

follicles  of  the  urethra,  with,  perhaps,  a  little  of  the  urethral  ^P^^^^l^^' 

cess  of  their  development. 

Spermato.oias.-ln  August,  1677,  a  German  f-'^-^^^l"^^^^^^^^^^ 
ered  the  spermatozoids  in  the  human  semen  ^"^.^  f'''''f'':'"^ll^^^^  ror;iong 
studied  them  as  closely  as  was  possible  with  J  ^^^^^^  simply 

time,  they  were  regarded  as  livmg  ^^^^f^,  ciliated  epithehum. 

as  peculiar  anatomical  elements,  endowed  with  movements. 
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These  elements  are  developed  within  the  seminiferous  tubes ; .  and  they  differ,  not  so  much 
in  their  mode  of  development,  as  in  their  form,  in  dilierent  animals.  Wo  shall  describe, 
however,  only  the  spermatozoids  of  the  human  subject. 

If  we  examine  a  specimen  of  the  fluid  taken  from  the  vesiculso  seminales  of  an  adult 
who  has  died  suddenly,  or  the  ejaculated  semen,  we  find  that  it  contains,  in  addition  to 
the  various  accidental  br  unimportant  anatomical  elements  which  we  have  mentioned, 
innumerable  bodies,  resembling  animalcules,  which  present  a  flattened,  conoidal  head  and 
a  long,  tapering,  filamentous  tail.  The  caudate  appendage  is  in  active  motion,  and  the 
spermatozoids  move  about  the  field  of  view  with  considerable  rapidity  and  force,  pushing 
aside  little  corpuscles  or  granules  with  which  they  come  in  contact.  This  is  supposed  to 
be  an  indication  of  the  vitality  of  the  spermatozoids,  which  are  not  thought  to  be  capable 
of  fecundating  the  ovum  after  their  movements 
have  ceased.  Under  favorable  conditions,  par- 
ticularly in  the  generative  passages  of  the  fe- 
male, the  movements  continue  for  days;  and 
this  fact  is  important,  as  we  shall  see  here- 
after, in  its  bearing  upon  the  limits  of  the  time 
of  fecundation. 

Microscopical  examination  does  not  reveal 
any  very  distinct  strncture  in  the  substance 
of  the  spermatozoids.  The  head  is  about 
ipoVo  of  an  inch  long,  -yoVo  of  an  inch  broad, 
^^'^  aiioo  fin  inch  in  thickness.  The  tail 
is  about  of  an  inch  in  length.  La  Vallette 
St.  George  has  found,  in  man  and  many  of  the 
inferior  animals,  the  "intermediate  segment" 
described  first  by  Schweisger-Seidel,  though 
he  does  not  agree  with  Schweigger-Seidel  that  -^-•^^"X^X^T^LSlhkLr 
this  portion  is  motionless.    The  length  of  the 

intermediate  segment  is  about  ^^jVi)  of  an  inch.  It  is  usually  described  as  the  beginning 
of  the  tail;  and  the  only  difi'erence  between  this  and  other  portions  is  that  it  is  a  little 
thicker. 

Water  speedily  arrests  the  movements  of  the  spermatozoids,  which  may  be  restored 
by  the  addition  of  dense  saline  and  other  solutions.  All  of  the  alkaline  animal  fluids  of 
moderate  viscidity  favor  the  movements,  while  the  action  of  acid  or  of  very  dilute  solu- 
tions is  unfavorable.  The  movements  are  suspended  by  extreme  cold,  but  they  return 
when  the  ordinary  temperature  is  restored. 

Before  the  age  of  puberty,  the  seminiferous  tubes  are  much  smaller  than  in  the  adult, 
and  they  contain  small,  transparent  cells,  which,  in  their  form  and  arrangement,  resemble 
epithelium.  As  puberty  approaches,  however,  the  tubes  become  larger,  and  the  cell-con- 
tents increase  in  size.  At  this  time,  there  seem  to  be  two  kinds  of  cells ;  an  epithelium, 
in  the  form  of  irregularly-shaped  cells,  lining  the  tubes,  and  rounded  cells,  containing  one 
or  more  nuclei,  some  of  the  cells  appearing  to  be  in  process  of  segmentation.  Many  of 
the  cells  lining  the  tubes  present  a  rounded  portion,  with  a  large,  clear  nucleus  applied  to 
the  tube-wall,  each  with  a  caudate  prolongation  projecting  into  the  tube.  Sometimes 
the  projections  from  the  different  colls  anastomose  with  each  other,  forming  a  kind  of  net- 
work. In  the  central  portions  of  the  tubes  of  the  adult,  are  rounded  vesicles,  from  .^iss  to 
sjTs  of  an  inch  in  diameter,  each  containing  from  two  to  twenty  transparent  nuclei  meas- 
uring from  TTjVis  to  8  „'|^  I)  of  an  inch.  In  these,  which  are  called  the  seminal  cells,  amoe- 
boid movements  have  been  observed.  The  large  vesicles  with  multiple  nuclei  are  the  seat 
of  development  of  the  spermatozoids.  The  nuclei  of  the  vesicles  appear  to  be  trans- 
formed into  the  heads  of  the  spermatozoids,  and  the  filamentous  appendages,  which  are 
•seen  in  the  vesicles  in  various  stages  of  formation,  are  developed  gradually.    It  often 
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occurs  that,  when  from  ten  to  twenty  spermatozoids  are  developed  in,  a  single  vesicle,  the 
heads  and  tails  are  arranged  regularly,  side  by  side;  but,  when  only  two  or  three  are  ol. 
served,  their  arrangement  is  irregular.  The  vesicular  envelopes  finally  disappear  and  th.- 
spermatozoids  are  liberated ;  but  this  occurs  only  in  the  rete  testis  and  in  the  epididymis. 
In  the  epididymis  and  the  vasa  deferentia,  the  spermatozoids  are  motionless,  though  thcv 
are  not  enclosed  in  vesicles,  apparently  from  the  density  of  the  substance  in  wliich  tli>-.v 
are  embedded ;  for  movements  are  sometimes  presented  when  the  contents  of  the  vas.-i 
deferentia  are  examined  with  the  addition  of  water  or  saline  solutions.  Once  in  tho 
vesicula3  seminales,  or  after  ejaculation,  the  spermatozoids  are  invariably  in  active  motion. 


Fio2S5.-D6mlopmentoft?iespennatozoidsintherabMt.  (Liegeois.) 
secondary  cell  with  a  nucleus;  A,  bundle  of  spermatozoids. 

The  semen,  thus  developed  and  mixed  with  the  various  secretions  before  mentioned,  is 
found  during  adult  life  and  even  at  an  advanced  age  ;  and,  under  physiological  condi- 
tions, it  contains  innumerable  spermatozoids  in  active  movement.  But  if  sexual  mter- 
conrse  be  frequently  repeated  at  short  intervals,  the  ejaculated  fluid  becomes  more  and 
more  transparent,  homogeneous,  and  scanty,  and  it  may  consist  of  a  smaU  amount  of  secre- 
tion from  the  vesiculie  seminales  and  the  glands  opening  into  the  urethra,  without  spei- 
matozoids,  and  consequently  deprived  of  fecundating  properties. 

In  old  men,  the  seminal  vesicles  may  not  contain  spermatozoids ;  but  this  is  not  al^^  ay. 
the  case,  even  in  very  advanced  life.    Instances  are  ^^'l^tantly  occurnng  of  men  ^^  ho 
have  chiidren  in  their  old  age,  in  which  the  paternity  of  the  f^^-^l''^}^^^^  ^ 
doubted.    Dupky,  in  1852,  examined  the  semen  of  a  number  of  old  ™en  and  found, 
about  half  the  number,  spermatozoids,  normal  in  appearance  ^^^^To^T^^^^^^ 
some,  the  vesicula,  seminales  contained  either  none  or  very  few.    Some  of  tJ,e  md  v  d^ 
als  in  whom  the  spermatozoids  were  normal  were  between  seventy-three  and  e^^^^ 
years  of  age.    More  recently,  M.  A.  Dieu  has  investigated  the  ^^'^^ Jl";^^^^^^^^^  J°  ^ 
conclusions,  adding  to  his  own  observations  the  fifty-one  cases  noted  b,  Duplay,  he  give, 
the  following  results,  in  one  hundred  and  fifty-six  old  men  :  . 

"25  sexagenarians  gave  a  proportion,  still  presenting  spermatozoids,  of  G8  o  pci  100. 
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"  76  septuagenarians  gave  a  proportion,  still  presenting  spermatozoids,  of  59-5  per 
100. 

"51  octogenarians  gave  a  proportion,  still  presenting  spermatozoids,  of  48  per  100. 

"  4,  having  passed  the  age  of  ninety  years,  gave  entirely  negative  results." 

The  oldest  man,  in  the  cases  reported  by  Duplay,  was  eighty-two,  and,  in  those 
noted  by  Dieu,  eighty-six  years,  which  latter  Dieu  fixes  as  the  limit,  not  having  observed 
spermatozoids  after  that  age.  The  observations  were  made  by  examining  the  contents  of 
the  generative  passages  twenty-four  hours  after  death.  Some  of  the  subjects  died  of 
acute,  and  others,  of  chronic  diseases  ;  but  the  mode  of  death  did  not  present  any  difier- 
ences  in  the  cases  classed  with  reference  to  the  presence  of  spermatozoids.  As  a  result 
of  his  own  and  other  investigations,  Dieu  comes  to  the  conclusion  that  the  power  of 
fecundation  in  the  male  often  persists  for  a  considerable  time  after  copulation  has  become 
impossible  simply  from  incapacity  for  erection  of  the  penis. 


CHAPTER  XXVII. 

FECUiTDATION  AND  DEVELOPMENT  OF  THE  OVUM. 

Coitus— Action  of  the  male— Action  of  tlie  female— Entrance  of  spermatozoids  into  the  uterus- Course  of  tlie  sper- 
matozoids tliroush  tlie  female  generative  passages— Mechanism  of  fecundation— Determination  of  the  sex  of 
offspring— Hereditary  transmission— Superfecundation— Influence  of  the  maternal  mind  on  offspring- Union  of 
the  male  with  the  female  element  of  generation— Passage  of  the  spermatozoids  through  the  viteUine  membrane 
—Deformation  and  gyration  of  the  vitellus— Polar  globule— Vitelline  nucleus— Segmentation  of  the  vitellus- 
Primitive  trace  of  the  embryon— Blastodermic  layers— Formation  of  the  membranes— Amniotic  fluid- Umbili- 
cal vesicle— Formation  of  the  allantois  and  the  permanent  chorion -Umbilical  cord— Membranfe  decidua;— 
Development  and  structure  of  the  placenta— General  view  of  the  development  of  the  embryon— Development 
of  the  cavities  and  layers  of  the  trunk  in  the  chick— External  blastodermic  membrane— Intermediate  mem- 
brane, in  two  layers— Internal  blastodermic  membrane— Neural  canal— Chorda  dorsaUs— Primitive  aortce— Vor- 
tebne- Origin  of  the  Wolffian  bodies— Pleuro-peritoneal  cavity— Development  of  the  skeleton— Development  of 
the  muscles— Development  of  the  skin— Development  of  the  nervous  system— Development  of  the  encephalon 
—Development  of  the  organs  of  special  sense— Development  of  the  aUmentary  system— Formation  of  the  me- 
sentery—Formation of  the  stomach— Development  of  the  large  intestine— Formation  of  the  pharynx  and  cesopha- 
giis— Development  of  the  anus— The  liver,  pancreas,  and  spleen— Development  of  the  rcspiratoi-y  system— De- 
velopment of  the  face— Development  of  the  teeth— Development  of  the  genito-urinary  system— Development 
of  the  Wolffian  bodies— Ducts  of  the  Wolffian  bodies  and  ducts  of  Millier— Development  of  the  testicles  and 
ovaries— Development'of  the  urinary  apparatus— External  organs  of  generation— Hermaphroditism— Develop- 
ment of  the  circulatory  system— First,  or  vitelline  circulation— Second,  or  placental  cu'culation— Branchial  arches 
and  development  of  the  arterial  and  the  venous  system— Development  of  the  heart— Description  of  the  foetal 
circulation— Third,  or  adult  circulation. 

Coitus. 

As  far  as  the  male  is  concerned,  coitus  is  rendered  possible  by  erection  of  the  penis. 
This  may  occur  before  puberty,  but,  at  this  time,  intercourse  cannot  be  fruitful.  As  we 
have  seen  in  a  previous  chapter,  coitus  may  be  impossible  in  old  age,  from  absence  of  the 
power  of  erection ;  but  spermatozoids  may  still  exist  in  the  vesiculse  seminales,  and 
fecundation  might  occur,  if  the  seminal  fluid  could  be  discharged  itito  the  generative  pas- 
sages of  the  female.  Coitus  may  take  place  in  the  female  before  the  age  of  puberty  or 
after  the  final  cessation  of  the  menses,  but  intercourse  cannot  then  be  fruitful.  There 
are  suflnciently  numerous  examples  of  conception  following  what  would  be  called  imper- 
fect intercourse,  as  in  cases  of  unruptured  hymen,  deformities  of  the  male  organs,  etc., 
to  show  that  the  actual  penetration  of  the  male  organ  is  not  essential,  and  that  fecunda- 
tion may  occur,  provided  the  seminal  fluid  find  its  way  into  even  the  lower  part  of  the 
vagina.  Conception  has  also  followed  intercovirse,  when  the  female  has  been  insensible 
or  entirely  passive ;  but  we  shall  consider  only  the  physiology  of  complete  and  normal 
intercourse,  when  both  the  male  and  female  participate,  more  or  less,  in  the  sexual  act. 
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Action  of  the  Male. — The  act  of  sexual  intercourse,  is  preceded,  in  the  male,  by  a 
longer  or  shorter  period  of  excitement,  the  most  important  munilestation  of  which  is 
(,'rectiou  and  rigidity  of  tlio  penis.  This  is  largely  controlled  by  the  nervous  system.  It 
may  be  due  to  distention  of  the  vesicuho  seminales,  and,  perhaps,  of  the  tubes  of  the 
testicle  and  epididy'mis  after  prolonged  continence,  to  the  imagination,  or  to  the  presence 
or  thought  of  a  female  exciting  desire.  The  excitement  may,  also,  be  arrested  by  a  sud- 
den feeling  of  disgust,  modesty,  or  fear ;  and  it  sometimes  happens  tliat  the  erethism 
is  so  intense  that  the  male  organ  becomes  flaccid  without  ejaculation.  An  occurrence  of 
this  kind  frecjuently  occasions  such  an  amount  of  mortification  and  apprehension  for  the 
future,  that,  from  tho-mere  dread  of  a  similar  accident,  there  is  frequently  an  incapacity 
for  intercourse  when,  in  all  other  respects,  the  conditions  are  absolutely  normal.  Physi- 
cians have  frequent  occasion  to  observe  this,  especially  in  the  newly-married,  who  are 
often  afflicted  with  the  fear  of  permanent  sexual  incapacity  and  seek  professional  advice. 
This  illustrates  the  influence  of  the  nervous  system  upon  the  sexual  organs,  in  the  ab- 
sence of  diseased  conditions. 

Unlike  certain  of  the  lower  animals,  the  human  subject  presents  no  distinct  perio- 
dicity in  the  development  of  the  spermatozoids ;  but,  in  reiterated  connection,  excite- 
ment and  an  orgasm  may  occur  when  the  ejaculated  fluid  has  no  fecundating  properties. 
Such  frequently-repeated  sexual  acts  are  abnormal ;  but,  from  a  purely  physiological 
point  of  view,  prolonged  continence  is  equally  unnatural  and  may  react  unfavorably  on 
the  nervous  system.    No  absolute  or  even  approximative  rule  can  be  laid  down  with  re- 
gard to  the  frequency  with  which  intercourse  may  take  place  within  physiological  limits. 
We  may  assume  that  these  conditions  are  fulfilled,  first,  when  intercourse  is  confined 
within  the  limits  of  legitimacy,  after  the  unusual  excitement  of  novelty  has  passed ; 
second,  when  both  the  male  and  female  are  in  perfect  health,  and  no  undue  degree  of 
lassitude  follows  coitus,  after  a  proper  period  of  repose ;  third,  when  there  is  no  marked 
diminution  of  sexual  desire,  except  that  which  may  be  accounted  for  by  age ;  fourth, 
when  pregnancy  occurg  at  propel-  intervals,  progresses  normally,  and  is  followed  by  the 
normal  period  of  lactation ;  fifth,  when  menstruation  is  regular,  and  when  there  is  a 
period,  usually  after  the  cessation  of  the  flow,  during  which  there  is  unusual  sexual  ex- 
citement, responded  to  by  the  male,  and  disappearing  after  the  sexual  desires  have  been 
satisfied.    It  may  be  somewhat  rare  to  find  these  conditions  fulfilled  in  all  respects,  as  so 
few  men  and  women  in  civilized  life  are  absolutely  normal  during  adult  age,  and  as  the 
sources  of  unnatural  sexual  excitement  are  so  numerous  ;  but  they  approximatively  rep- 
resent the  physiological  performance  of  the  generative  functions  in  both  sexes.  It  is  true 
that  the  female  can  frequently  endure  sexual  excesses  better  than  the  male,  because  she 
is  more  passive,  and  may  often  not  participate  in  the  venereal  excitement;  but,  if  we 
assume  that  intercourse  is  physiologically  confined  withm  the  limits  fixed  by  social  laws, 
the  same  rules  as  regards  frequency  of  the  sexual  act  should  apply  to  both.    It  is  certain 
that  intercourse  is  not  normal  in  the  female  during  menstruation  or  during  the  greater 
part  of  the  period  of  utero-gestation  ;  and,  at  these  times,  it  is  physiological  that  the  male 
should  be  continent.    Taking  our  view  chiefiy  from  what  appear  to  be  the  sexual  require- 
ments of  the  female,  intercourse  most  properly  takes  place  at  the  time  following  the  men- 
strual flow,  when  there  is  usually  a  certain  amount  of  sexual  excitement,  and  this  should 
not  be  immediately  repeated,  though  it  may  be  pliysiological  after  a  few  days.    As  sexual 
excitement  is  gratified  and  diminishes,  intercourse,  as  far  as  the  desires  of  the  female  are 
concerned,  is  suspended,  and  it  does  not  take  place  to  any  great  extent  durmg  pregnancy. 
This  seems  to  correspond  with  the  normal  progress  of  the  generative  functions,  as  we 
have  traced  it  in  the  female.    It  is  evident  that  this  is  a  subject  of  great  dehcacy  and 
one  that  is  with  diflSculty  brought  to  the  requirements  of  rigid  scientific  inqmry ;  still 
it  can  hardly  be  avoided  in  a  full  account  of  the  physiology  of  generation,  and  it  is  a 
question  often  presented  to  the  practical  physician.  _     t     r  i 

Although  we  have  not  yet  considered  fully  the  mechanism  of  erection,  but  little  re- 
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mains  to  bo  said  upou  this  subject  after  our  discussion,  in  connection  with  the  circulatory 
system,  of  the  gonei-al  structure  of  erectile  tissues.  The  cavernous  and  spongy  bodies 
of  the  penis  are  usually  taivcn  as  the  type  of  erectile  organs.  In  these  parts,  the  arteries 
are  largo,  contorted,  provided  with  unusually  thick  muscular  coats,  and  connected  with 
the  veins  by  vessels  considerably  larger  than  the  true  capillaries.  They  are  supported 
by  a  strong  fibrous  net-work  of  trabecute  which  contains  non-striated  muscular  fibres ; 
so  that,  when  the  blood-vessels  are  completely  filled,  the  organ  becomes  enlarged  and 
hardened  and  can  penetrate  the  vagina.  Researches  upon  the  nerves  of  erection  show  con- 
clusively that  the  vessels  of  erectile  tissues  are  distended  by  an  enlargement  of  the 
arterioles  of  supply,  and  that  there  is  not  simply  a  stasis  of  blood  produced  by  constric- 
tion of  the  veins,  except,  perhaps,  for  a  short  time,  during  the  period  of  most  intense 
venereal  excitement.  In  experunents  upon  dogs,  Eckhard  discovered  a  nerve  derived 
from  the  sacral  plexus,  stimulation  of  which  produced  an  increase  in  the  flow  of  blood 
through  the  penis,  attended  with  all  the  phenomena  of  erection.  This  nerve  arises  by 
two  roots  at  the  sacral  plexus,  from  the  first  to  the  third  sacral  nerves.  In  the  experi- 
ments referred  to,  by  a  comparison  of  the  quantity  of  venous  blood  coming  from  the 
penis  before  and  during  the  stimulation  of  the  nerve,  Eckhard  found  a  great  increase 
during  erection.  It  is  probable  that,  in  addition  to  the  arterial  dilatation,  when  the  penis 
attains  its  maximum  of  rigidity,  there  is  a  certain  amount  of  obstruction  to  the  outflow 
of  blood,  by  compression  of  the  veins,  and  that  the  rigidity  is  increased  by  contraction 
of  the  trabecular  muscular  fibres  of  the  corpora  cavernosa. 

During  erection,  the  penis  becomes  exquisitely  sensitive,  especially  at  the  glans ;  and  the 
introduction  of  the  organ  into  the  vagina,  pressure  by  the  constrictor  muscle,  and  friction, 
increase  this  sensibility,  until  the  venereal  orgasm  occurs.  At  this  time,  there  is  a  pecul- 
iar and  indefinable  sensation,  almost-  immediately  followed  by  spasmodic  contractions  of 
the  vesiculsa  seminales  and  the  ejaculatory  muscles,  and,  at  the  climax  of  the  orgasm,  the 
semen  is  forcibly  discharged  from  the  urethra.  This  is  followed  by  a  feeling  of  lassitude, 
a  general  sense  of  fatigue  of  the  generative  organs,  tiaccidity  of  the  penis,  and  it  is  some 
time  before  the  venereal  appetite  can  be  again  excited.  Although  this  is  the  physiolo- 
gical mechanism  of  a  seminal  discharge,  friction  of  the  parts  is  not  absolutely  necessary, 
as  is  shown  by  the  occurrence  of  orgasm  during  sleep,  which  is  liable  to  take  place  in 
healthy  men  after  prolonged  continence. 

After  the  seminal  fluid  has  been  ejaculated  during  intercourse,  the  generative  act,  as 
far  as  the  male  is  concerned,  is  accomplished.  It  now  remains  for  us  to  study  the  action 
of  the  female  and  the  process  by  which  the  spermatozoids  are  brought  in  contact  with 
the  ovum. 

Action  of  the  Female. — ^If  we  can  credit  the  statements  made  to  physicians  in  their 
professional  intercourse — and  we  have  few  other  reliable  sources  of  information— there 
are  some  females,  in  whom  the  generative  fimction  is  performed,  even  to  the  extent  of 
bearing  children,  who  have  no  actual  knowledge  of  a  true  venereal  orgasm  ;  but  there 
are  others  who  experience  an  orgasm  fully  as  intense  as  that  which  accompanies  ejacula- 
tion in  the  male.  There  is,  therefore,  the  important  difference  in  the  sexes,  that  prelimi'- 
nary  excitement  and  an  orgasm  are  necessary  to  the  performance  of  the  generative  act 
in  the  male,  but  are  not  essential  in  the  female.  Still,  there  can  be  scarcely  a  doubt  but 
that  venereal  excitement  in  tlio  female  facilitates  conception,  other  conditions  being 
favorable. 

The  first  intercourse  in  the  female  is  usually  more  or  less  painful,  on  account  of  rup- 
ture of  the  hymen,  and  the  external  organs  are  unduly  sensitive  until  the  parts  are 
healed.  After  this,  if  there  be  a  preliminary  excitement,  there  is  a  certain  amount  of 
erection  of  the  clitoris  (which  corresponds  to  the  penis)  and  of  the  erectile  bulbs  situated 
at  the  vaginal  orifice.  There  is  also  an  increase  in  the  secretions  about  these  parts,  and 
there  may  be  an  ejaculation  from  two  glands  opening  near  the  labia  minora,  called  the 
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glands  of  Bartholinus,  which  correspond  to  the  ghinds  of  Cowper  in  the  male.  How  far  the 
internal  erectile  parts  participate  at  this  time,  it  is  difficult  to  determine.  By  the  friction 
against  the  clitoris— which,  at  its  maximum  of  erection,  is  directed  toward  the  axis  of  the 
vagina— against  the  vaginal  waUs,  and  probably,  also,  by  the  contact  of  the  glans  penis 
with  the  neck  of  the  uterus,  the  excitement  of  the  female  increases,  the  vessels  of  the 
vagina  become  turgid,  the  secretion  of  mucus  by  the  external  organs  becomes  abundant, 
and  this  finally  culminates  in  an  orgasm,  similar  to  that  experienced  by  the  male,  with  a 
farther  increase  in  the  secretion  of  the  glands  at  the  vaginal  orifice.  As  we  have  stated 
in  our  account  of  the  discharge  of  the  ovum  from  the  Graafian  follicle,  this  congestion 
and  excitement  may  hasten  the  rupture  of  a  ripe  foUiole  in  the  human  female,  as  it  un- 
doubtedly does  in  many  of  the  lower  animals ;  but  follicles  certainly  rupture  indepen- 
dently of  coitus.  There  is  a  certain  degree  of  lassitude  in  the  female  following  sexual 
intercourse,  but  this  is  usuaUy  not  so  marked  or  so  prolonged  as  in  the  male. 

The  most  important  physiological  point  m  this  connection  is  with  regard  to  the  prob- 
able action  of  the  internal  organs  of  the  female  durmg  sexual  excitement.    We  have  al- 
ready studied  what  has  been  described  as  the  erectile  tissue  of  the  uterus  and  ovaries. 
Whether  this  be  or  be  not  a  true  erectile  tissue,  seems  to  be  rather  a  question  of  defim- 
tion    The  blood-vessels  certainly  have  an  erectile  arrangement;  still,  they  are  not 
enclosed  by  those  distinct,  fibrous  trabeculse  which  are  observed  in  the  pems.    In  the 
body  of  the  uterus  and  in  the  ovaries,  the  idea  of  erection  during  sexual  excitement 
rests  simply  upon  anatomical  descriptions  and  artificial  distention  of  the  vessels  after 
death,  and  the  parts  cannot  be  investigated  during  hfe;  but  it  is  different  with  the  neck 
of  the  uterus,  as  we  shall  see  farther  on;  and,  upon  this  point  we  may  refer  to  a  very 
remarkable  paper,  by  Dr.  Joseph  R.  Beck,  of  Fort  Wayne  Indiana,  which  Ijas  hardly 
received,  in  this  country,  the  attention  it  deserves.    Dr.  Beck  s  observations  relate  o  h c 
question  "How  do  the  spermatozoa  enter  the  uterus?"  and,  when  we  consider  that  it 
2a  been  positively  demonstrated  that  spermatozoids  find  their  way  to  the  surface  of  the 
ovaries,  we  can  appreciate  the  importance  of  any  reliable  observations  with  regard  to  the 
action  of  the  internal  organs  during  coitus.  , .      ,  e  r.^^ 

August  11  1872,  Dr  Beck  was  called  to  see  a  lady,  thirty-two  years  of  age,  of  ner- 
vou7  terpe  ment  blonde,  married  eight  years,  with  one  chUd,  a  son,  livmg  and  seven 
Te^  s  olT  She  had  an  abortion  six  years  before,  and  has  suffered  from  symptoms  indi- 
ct W  uterine  dl  ever  smce.  She  commenced  to  menstruate  at  the  age  of  fourteen^ 
SSatTorw  tT^^  fiBger  showed  that  the  os  uteri  was  just  inside  the  vulva,  and 
Meirsl's  lm  pessary  w'as  introduced.    The  rest  of  the  history,  as  the  observation  is 

'''^';/ir:^^^  the  patient  next  day,  for  the  purpose  of  adjustmg  the 
uterine  supporteri  made  an  examination  by  the  touch,  and  upon  mtroducmg  my  finger 
Tetween  tS  pSc  arch  and  the  anterior  hp  of  the  prolapsed  cervix,  I  was  reques  ed  by 
ier  to  be  very  careful  in  manipulating  those  parts,  as  she  was  very  prone,  ^J^^^ono 

digital  investigation  of  herself.  ^f^^Z^on  any  cLidevat^ou.  Carefully  separating 
one  to  my  knowledge  and  one  not  to  be  lost  on  ^.^Z  f  lro^ght  clearly  into  view  in  a 
the  vulvae  with  my  left  hand,  so  that  the  °«  f  ^"  J         ti^^ee  times,  when 

strong  light,  I  swept  the  right  '^^-^-fl^^^'^^^^^^  my 
almost  immediately  the  orgasm  occurred,  and  the  follow  ing 

"The  OS  and  cervix  uteri  had  been  firn.  ^'^^^^ ^Z:^::^^ 
.ith  the  OS  closed  so  - -^^^'ftlh  .n  inl'^rdc^fi^^^^^^^^^^ 

ately  the  os  opened  to  the  extent  of  f^^J^' ^  at  the  same  time  becoming 
ing  the  external  os  into  the  cervix  each  time  P"^^^™/!;  j^j^  the  space  of  twelve  scc- 
<iuite  soft  to  the  touch.    All  these  phenomena  occuned  withm  .1 
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onds  time  certuinly,  ami  in  an  iustant  all  was  as  before ;  the  os  had  closed,  the  cervix 
hardened,  and  the  relation  of  the  parts  had  become  as  before  the  orgasm. 

"Now  I  carefully  questioned  my  patient  as  to  the  nature  of  the  sensations  experienced 
by  her  at  the  period  of  excitement,  and  she  was  positive  that  they  were  the  same  in  quali- 
ty as  they  ever  were  during  coition,  even  before  the  occurrence  of  the  prolapse ;  but  ad- 
mits that  they  were  not  exactly  the  same  in  quantity,  believing  that  during  coition  the 
orgasm  had  lasted  longer,  although  not  at  all  or  in  any  respect  different  as  to  sensation. 
I  had  almost  forgotten  to  make  mention  of  the  intense  congestion  of  the  parts  during  the 
'crisis,'  and  introduce  the  statement  here." 

Certainly,  the  description  we  have  just  quoted  is  sufficiently  graphic,  and  the  mechan- 
ism of  the  penetration  of  spermatozoids  into  the  uterus,  if  this  be  the  action  of  the  cervix 
during  an  orgasm,  seems  simple  enough;  but  it  cannot  explain  fecundation,  when  it 
occurs,  as  it  undoubtedly  may,  without  orgasm.  In  physiological  literature,  we  find  nu- 
merous allusions  to  a  suction  force  exerted  by  the  uterus  during  coitus,  but  this  is  most 
frequently  stated  as  of  possible  or  probable  occurrence,  without  being  sustained  by  any 
positive  observations.  Still,  as  early  as  1846,  we  find' a  direct  observation,  recorded  by 
Litzmann,  as  follows : 

"  I  myself  lately  had  the  opportunity,  in  an  internal  exploration  of  a  young  and  very 
erethistic  female,  of  observing  that  suddenly  the  uterus  assumed  a  more  perpendicular 
position,  was  drawn  more  deeply  into  the  pelvis,  the  lips  of  the  os  uteri  immediately 
became  separated,  the  os  became  rounded,  softer  and  accessible  to  the  finger,  and  imme- 
diately the  highest  sexual  excitement  was  betrayed  by  the  respiration  and  voice." 

In  considering  the  mechanism  of  the  penetration  of  spermatozoids  into  the  uterus,  it 
is  also  necessary  to  take  into  account  the  secretions,  particularly  of  the  mucous  glands  at 
the  neck.  Most  writers  of  the  present  day  admit  that,  during  the  height  of  the  orgasm, 
there  is  an  ejaculation  from  the  uterus  of  a  small  amount  of  alkaline  mucus.  That  an 
erection  of  the  cervix,  followed  by  sudden  relaxation  and  opening  of  the  os,  may  occur, 
cannot  be  doubted,  and  there  is  no  evidence  of  a  muscular  action  in  the  uterus  sufficient 
to  project  this  fluid  forcibly,  as  the  semen  is  discharged  by  the  male.  Assuming  that  the 
views  just  stated  be  correct,  we  can  readily  iinderstand  how  the  neck  may  be  erected  and 
hardened  during  the  orgasm,  extruding  an  alkaline  mucus,  that  the  semen  is  ejaculated 
forcibly  toward  the  uterus  and  becomes  mixed  with  the  mucus,  and  that  the  sudden 
relaxation  of  the  cervix  and  opening  of  the  os  may  exert  a  force  of  aspiration  and  thus 
draw  in  the  fecundating  elements.  Certain  it  is  that  spermatozoids  may  be  found  in  the 
mucus  of  the  cervix  a  very  short  time  after  coitus.  It  is  possible,  also,  that  a  sexual  con- 
nection may  be  occasionally  even  more  intimate,  and  that  a  portion  of  the  glans  penis 
may  be  actually  embraced  by  the  dilated  cervix,  though  this  must  be  unusual.  This 
latter  idea  of  the  establishment  of  a  "continuous  canal"  during  intercourse  is  one  that 
was  advanced  by  many  of  the  older  writers. 

Quite  a  strong  argument  in  favor  of  the  view  that  the  spermatozoids  are  imprisoned, 
as  it  were,  in  the  cervical  mucus  soon  after  ejaculation,  is  the  fact  that  vaginal  injections 
immediately  after  intercourse,  which  are  frequently  resorted  to  to  prevent  conception, 
often  fail  to  produce  the  desired  result,  even  when  they  are  so  thorough  as  to  wash  out 
the  vagina  completely. 

While  we  must  accept  as  probable  the  view  that  the  uterus  may  draw  into  the  neck 
an  alkaline  mucus  previously  ejaculated,  and  with  it  a  certain  amount  of  seminal  fluid, 
the  fact  that  conception  may  take  place  without  orgasm  on  the  part  of  the  female,  and 
even  without  complete  penetration  of  the  male  organ,  shows  that  the  action  we  have 
described  is  not  absolutely  essential,  and  that  the  semen  may  find  its  way  into  the  uterus 
in  some  other  way,  which  it  is  certainly  very  difficult  to  explain. 

Course  of  the  Spermatozoids  through  the  Female  Generative  Passages. — The  sperma- 
tozoids, once  within  the  cervix  uteri,  and  in  contact  with  the  alkaline  mucus,  which 
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increases  the  activity  of  their  movements,  may  puss  through  the  uterus,  into  tlie  Fallo- 
pian tubes,  and  even  to  the  surface  of  the  ovaries.  Precisely  how  their  passage  is 
elVectod,  it  is  impossible  to  say.  We  can  attribute  it  only  to  the  movements  of  the  sper- 
matozoids  themselves,  to  capillary  action,  and  to  a  possible  peristaltic  action  of  the  mus- 
cular structures,  and  must  acknowledge  that  these  points  liavo  as  yet  been  incapable  of 
positive  demonstration. 

In  a  very  interesting  memoir  by  Lott,  which  contains  numerous  observations  bearing 
upon  the  mechanism  of  conception,  the  experiments  upon  the  behavior  of  the  spermatozoids 
under  the  microscope,  in  the  presence  of  currents  observed  in  the  liquid  between  the  two 
plates  of  glass,  develop  some  very  curious  points.  It  was  shown,  in  these  experiments, 
that  motionless  spermatozoids  followed  the  currents  freely  ;  that,  when  the  current  in  any 
part  of  the  field  was  strong,  the  moving  spermatozoids  were  carried  along  with  it ;  but  that, 
when  the  current  was  comparatively  feeble,  spermatozoids  endowed  with  active  movements 
made  their  way,  as  it  were,  against  it.  In  reflecting  upon  these  observations,  it  has 
seemed  to  us  that  they  offered  an  explanation,  to  a  certain  extent,  of  the  passage  of  sper- 
matozoids in  the  Fallopian  tubes  toward  the  ovaries.  It  is  undoubtedly  true  that  the 
ciliary  motion  in  the  Fallopian  tubes,  in  which  the  direction  is  from  the  ovaries  toward 
the  uterus,  would  produce  a  feeble  current.  This  current  would  naturally  direct  the 
heads  of  the  spermatozoids  toward  the  interior,  provided  it  were  not  too  powerful,  and 
the  movements  of  progression  would  therefore  be  from  without  inward.  A  little  reflec- 
tion makes  it  evident  that,  with  a  feeble  current  in  the  Fallopian  tubes  from  within  out- 
ward, the  spermatozoids,  if  the  current  were  not  strong  enough  to  carry  them  with  it, 
could  only  progress  in  the  opposite  direction;  but  this  cannot  explain  the  passage  of  the 
spermatozoids  through  the  uterus  itself,  where,  according  to  the  best  authorities,  the 
ciliary  current  is  from  without  inward. 

As  regards  the  human  female,  we  cannot  give  a  definite  idea  of  the  time  required  for 
the  passage  of  the  spermatozoids  to  the  ovaries  or  for  the  descent  of  the  ovum  into  the 
uterus  ;  and  it  is  readily  understood  how  these  questions  are  almost  incapable  of  experi- 
mental investigation.  We  know,  however,  that  spermatozoids  reach  the  ovaries,  and 
they  have  been  seen  in  motion  on  their  surface  seven  or  eight  days  after  connection. 

There  are  many  elements  of  uncertainty  in  all  investigations  as  to  the  usual  or  the 
normal  situation  of  fecundation.    As  the  spermatozoids  are  found  in  movement  in  all 
parts  of  the  generative  passages,  the  question  resolves  itself  into  that  of  the  duration  of 
vitality  of  the  ovum  after  its  discharge ;  and  here  we  must  rely  exclusively  upon  obser- 
vations made  on  the  inferior  animals.    Coste,  who  demonstrated  beyond  a  doubt  that 
fecundation  occurs  in  fowls  at  or  very  near  the  ovary,  recognized  fully  the  difficulties 
attending  similar  experiments  upon  mammals.    He  succeeded,  however,  m  two  observa- 
tions upon  rabbits,  in  which  copulation  took  place  after  the  period  of  heat  and  some  time 
after  the  discharge  of  ova.    In  both  of  these,  he  found  ova  at  the  superior  extremity  of 
the  cornua  of  the  uterus,  a  position  which  he  had  found  that  the  ova  reached  toward  the 
end  of  the  third  day.    These  ova,  which  were  apparently  advanced  in  decomposition, 
presented  no  evidence  of  fecundation  and  were  enveloped  in  a  dense  zone  of  albumen 
which  they  had  received  from  the  Fallopian  tubes.    They  were  surrounded  by  sperma- 
tozoids in  active  movement,  but  none  had  penetrated  the  adventitious  albuminous  cov- 
ering.   From  these  observations,  the  conclusion  is  deduced  that  fecundation  can  only 
take  place  at  the  ovary  or  in  the  most  dilated  portion  of  the  Fallopian  tubes.  When 
we  come  to  apply  these  observations  to  the  human  subject,  we  have,  m  «o"fi™f «° 
them,  only  the  abnormal  phenomenon  of  abdominal  P»-«^g"f'J''y:  ^!"f 
unless  the  ovum  have  been  fecundated  at  the  ovary,  afterward  falling  into  tt'J^bdomin.i 
cavity  instead  of  passing  to  the  uterus.    Still,  the  fact  that  conception  " 
single  intercourse  occurring  at  any  time  with  reference  to  the  '"^"^t'-"",^  P''""^,.  I'^J^ 
a  doubt  upon  the  theory  that  fecundation  takes  place  only  at  or  ' 
another  element  of  uncertainty  is  in  the  fact  that  we  do  not  know  positnelj  that  o^ula- 
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tion  takes  place  at  any  definite  time  before,  during,  or  after  the  menstrual  period,  nor 
do  we  know  precisely  how  long  the  spermatozoids  may  retain  their  vitality  in  the  female 
generative  passages. 

The  question  of  the  duration  of  vitality  of  the  spermatozoids  after  their  passage  into  the 
uterus  has  an  important  bearing  upon  the  time  when  conception  is  most  liable  to  follow 
soxual  intercourse.  The  alkaline  mucus  of  the  internal  organs  actually  favors  their  move- 
ments; the  movements  are  not  arrested  by  contact  with  menstrual  blood;  and,  indeed, 
when  the  spermatozoids  are  mixed  with  the  uterine  mucus,  they  simply  change  their 
medium,  and  there  is  no  reason  to  believe  that  they  may  not  retain  their  vitality  as  well 
as  in  the  mucus  of  the  vesiculis  seminales.  We  cannot,  therefore,  fix  any  limit  to  the 
vitality  of  these  anatomical  elements  under  physiological  conditions ;  and  we  cannot  say 
positively  that  spermatozoids  may  not  remain  in  the  Fallopian  tubes  and  around  the 
ovary,  when  intercourse  has  taken  place  immediately  after  a  menstrual  period,  until  the 
ovulation  following.  There  is  an  idea,  based  upon  rather  general  and  indefinite  obser- 
vation, that  conception  is  most  liable  to  follow  an  intercourse  which  occurs  soon  after  a 
monthly  period  ;  but  it  is  certain  that  it  may  occur  at  any  time.  It  is  extremely  probable 
that,  during  the  unusual  sexual  excitement  which  the  female  generally  experiences  after 
a  period,  the  action  of  the  internal  organs  attending  and  following  coitus  presents  the 
most  favorable  conditions  for  the  penetration  of  the  fecundating  elements,  and  this  may 
explain  the  more  frequent  occurrence  of  conception  as  a  consequence  of  intercourse  at 
this  time. 

'Mechanism  of  Fecundation.— In  considering  the  intimate  mechanism  of  fecundation, 
we  may  begin  with  the  proposition  that  this  is  accomplished  by  an  actual  union  with  the 
substance  of  the  ovum  of  a  greater  or  less  number  of  spermatozoids.  This  fact,  which 
has  long  since  been  positively  demonstrated  by  experiments,  affords  a  material  explana- 
tion of  hereditary  transmission,  not  only  of  maternal,  but  of  paternal  physical  and  mental 
qualities. 

There  are  many  questions  connected  with  hereditary  transmission,  which,  if  they 
were  susceptible  of  any  thing  approaching  a  positive  scientific  explanation,  would  be  of 
great  interest  and  might  appropriately  be  discussed  in  a  work  upon  physiology;  but, 
although  the  facts  of  hereditary  influence,  as  regards  the  inheritance  both  of  physiologi- 
cal and  morbid  attributes  and  tendencies,  the  influence  of  the  maternal  mind  upon  the 
development  of  the  foetus,  the  efi'ects  of  previous  pregnancies,  etc.,  cannot  be  doubted, 
their  consideration  would  involve  little  more  than  a  mere  enumeration  of  remarkable 
phenomena. 

The  first  question  which  naturally  arises,  and  which  has  engaged  the  attention  of 
ancient  as  well  as  modern  authors,  relates  to  the  conditions  which  determine  the  sex  of 
the  offspring.  The  older  writers,  whose  exact  physiological  knowledge  was  compara- 
tively limited,  were  able  to  present  explanations  of  some  of  the  phenomena  of  generation, 
which  were  more  or  less  satisfactory  in  their  day ;  but  many  of  these  have  been  contra- 
dicted by  more  recent  facts,  which  have  only  rendered  the  causes  of  the  phenomena  more 
obscure.  Iconoclasm  in  physiology  is  almost  a  necessary  consequence  of  the  acquisition 
of  definite  knowledge  ;  and  too  often  the  exact  student  must  fail  to  substitute  any  thing 
to  supply  the  places  of  the  broken  images  of  antiquity.  This  is  illustrated  in  the  ques- 
tion of  the  determination  of  the  sex  of  offspring.  Statistics  show  clearly  enough  the 
proportions  between  male  and  female  births;  but  nothing  has  ever  been  done  in  the  way 
of  procreating  male  or  female  children  at  will.  According  to  Longet,  the  proportion  of 
male  to  female  births  is  about  104  to  105,  these  figui-es  presenting  certain  modifications 
under  varying  conditions  of  climate,  season,  nutrition,  etc.  It  has  been  shown,  by  very 
extensive  observations  upon  certain  of  the  inferior  animals,  that  the  preponderance  of  sex 
in  births  bears  a  certain  degree  of  relation  to  the  vigor  and  age  of  tlie  parents ;  and  that 
old  and  feeble  females  fecundated  by  young  and  vigorous  males  bring  forth  a  greater 
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number  of  males,  and  vice  versa ;  but  no  exact  laws  of  this  kind  have  been  found  applica- 
ble to  the  human  subject.  The  idea  tliat  one  testicle  produces  males  and  the  otlier, 
females,  or  that  the  two  ovaries  have  distinct  functions  in  this  regard,  has  no  foundation 
in  fact ;  for  men  with  one  testicle,  or  females  with  a  single  ovary,  produce  offspring  of 
both  sexes. 

Two  ideas  with  regard  to  the  detennination  of  sex  in  the  foetus  ^havo  obtained  at  dif- 
ferent times.  One  of  these  is  that  the  sex  is  dependent  upon  nutritive  or  other  con- 
ditions subsequent  to  fecundation,  and  the  other,  that  the  sex  is  determined  at  tlie  time 
of  union  of  the  male  with  the  female  element.  Of  these  two  opinions,  the  weight  of 
evidence  appears  to  be  in  favor  of  the  latter.  Aside  from  facts  in  comparative  physiol- 
ogy, it  is  pretty  certain  that  several  spermatozoids  are  necessary  for  the  fecundation  of 
a  single  ovum.  It  may  be  that,  when  just  enough  of  the  male  element  unites  with  the 
ovum"  to  secure  fecundation,  or  when  it  might  be  said  that  the  female  element  predomi- 
nates, the  foetus  is  a  female,  and  when  a  greater  number  of  spermatozoids  unite  with  the 
vitellus,  the  male  sex  is  determined.  Such  an  idea,  however,  is  purely  theoretical ;  and 
the  question  of  the  determination  of  sex  presents  thus  far  hardly  the  shadow  of  a  satis- 
factory explanation. 

No  definite  rule  can  be  laid  down  with  regard  to  the  transmission  of  mental  or  physi- 
cal peculiarities  to  oftspring.  Sometimes  the  progeny  assumes  more  the  character  of  the 
male  than  of  the  female  parent,  and  sometimes  the  reverse  is  the  case,  without  any  refer- 
ence to  the  sex  of  the  child ;  sometimes  there  appears  to  be  no  such  relation ;  and 
occasionally  we  note  peculiarities  derived  apparently  from  grandparents.  This  is  true 
with  regard  to  pathological  as  well  as  physiological  peculiarities,  as  in  inherited  tenden- 
cies to  certain  diseases,  malformations,  etc. 

A  peculiar,  and  it  seems  to  be,  an  inexplicable  fact  is  that  previous  pregnancies  have 
an  influence  upon  offspring.  This  is  well  known  to  breeders  of  animals.  If  a  pure- 
blooded  mare  or  bitch  liave  been  once  covered  by  an  inferior  male,  in  subsequent  fecun- 
dations the  young  are  apt  to  partake  of  the  character  of  the  first  male,  even  if  they  be 
afterward  bred  with  males  of  unimpeachable  pedigree.  What  the  mechanism  ot  the 
influence  of  the  first  conception  is,  we  can  form  no  definite  idea  ;  but  the  fact  is  incon- 
testable. The  same  influence  is  observed  in  the  human  subject.  A  woman  may  have, 
by  a  second  husband,  children  who  resemble  a  former  husband,  and  this  is  particularly 
well  marked  in  certain  instances  by  the  color  of  the  hair  and  eyes.  A  white  woman  who 
has  had  children  by  a  negro  may  subsequently  bear  children  to  a  white  man,  these  chil- 
dren presenting  some  of  the  unmistakable  peculiarities  of  the  negro  race. 

Superfecundation  of  course  does  not  come  in  the  category  of  influences  such  as  we 
have  just  mentioned.  It  is  not  infrequent  to  observe  twins,  when  two  ma  es  have  had 
access  to  tlie  female,  which  are  entirely  distinct  from  each  other  m  heir  physical  char- 
acter; a  fact  which  is  readily  explained  by  the  assumption  that  two  ova  have  been 
separ;tely  fecundated.  This  view  is  entirely  sustained  by  observation  and  ^-V'^^^l; 
Oases  illustrating  this  point  are  numerous,  but  we  cite  one,  simply  to  add  to  the  number 

of  positive  observations.  .    ,  •     t       ...  i  afto  ft.r>m 

The  following  very  interesting  communication  was  received  m  Januai^,  1869  tiom 
Dr.  John  H.  Jan'eway' Assistant  Surgeon  U.  S.  A.,  audit  Ulustrates  sui^erfecundation m 
the  human  subject;  or,  at  least,  that  was  the  view  taken  by  ^^^^  "^f^^/^^  = 

"  Frances  Hunt,  a  freedwoman,  aged  thirty-five  years,  gave  l^"'*  t°  ^T/' fjl^a^ 
4,  1867,  in  New  Kent  County,  Virginia.  One  of  these  twms  was  ^aek  the  ot l  er  w  s 
white.  Frances  is  a  mulatto.  The  black  child  is  much  darker  than  she  '^-  J^sZZ 
the.parturition,  she  had  given  birth  to  seven  childreu  all  smgle  births.  J^^  J  ; 
at  the  time  of  her  impregnation  in  the  family  of  a  white  man  as  ^T^ZTtn^rco^l 
with  a  black  man  at  night.  She  insists,  however,  that  she  ^''^  ^.^^  7^ 
with  a  white  man.  She  probably  does  this  because  the  black  man  tu.ned  hei  out  of  his 
house  when  he  saw  that  one  of  the  children  was  white." 
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Tliis  history  was  accompanied  by  an  excellent  photograph  of  the  mother  and  the  tw» 
children,  a  copy  of  which  is  given  in  Eig.  286.  One  of  the  children  has  the  color  and  all 
characteristics  of  the  negro,  and  the  other  looks  like  a  white  child.  "  The  mother  and 
children  were  inmates  of  Howard  Grove  Hospital  near  this  city  (Kichmond),  where  the 
picture  was  taken,  and  I  saw  them  frequently.  Both  cliildren  are  now  dead.  The  black 
one  died  first,  teething,  the  other  was  killed  by  a  tobacco-plaster  applied  to  its  abdomen, 
it  is  supposed  by  its  mother. 


Fig.  286. — Mulatto  motJiev  uith  twins,  one  white  and  the  other  black.   From  a  pbotoffvaph. 


''  The  only  negi'o  feature  in  the  white  child  was  its  nose.  There,  its  resemblance  to 
its  mother  was  perfect.    Its  hair  was  long,  light,  and  silky.    Complexion  brilliant." 

We  have  already  referred  to  the  curious  fact  that,  when  a  cow  gives  birth  to  twins^ 
one  male  and  the  other  female,  the  female,  which  is  called  the  free-martin,  is  sterile  and 
presents  an  imperfect  development  of  the  internal  organs  of  generation.  This  has  led  to 
the  idea  that  possibly  the  same  law  may  apply  to  the  human  subject,  in  cases  of  twins, 
one  male  and  the  other  female  ;  but  numerous  observations  are  recorded  in  gyna3Cologi- 
cal  works,  showing  the  incorrectness  of  this  view,  to  which  we  may  add  the  following : 
The  author  of  the  report  on  Rinderpest  to  the  New  York  State  Agricultural  Society, 
1867,  stated  that  his  father  was  one  of  twins,  male  and  female,  and  that  his  father's  twin 
sister  had  borne  several  children. 

It  has  long  been  a  question  whether  impressions  made  upon  the  nervous  system  of  the 
mother  can  exert  an  influence  upon  the  foetus  in  uUto.  While  many  authors  admit  that 
violent  emotions  experienced  by  the  mother  may  affect  the  nutrition  and  the  general 
development  of  the  foetus,  some  writers  of  high  authority  deny  that  the  imagination  can 
have  any  influence  in  producing  deformities.    It  must  be  admitted  that  many  of  the 
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roiiuirkiiblo  Cftsos  recorded  in  works  upon  physiology  as  instances  of  deformity  due  to  tlie 
intluonco  of  the  maternal  mind  are  not  reliable.  It  is  often  tlie  case  that,  when  a  child 
is  born  with  a  deformity,  the  mother  imagines  she  can  explain  it  by  some  impression 
received  during  pregnancy,  which  she  only  recalls  after  she  knows  that  the  child  is 
deformed.  Still,  there  are  cases  which  cannot  be  doubted,  but  which,  in  the  present 
state  of  our  knowledge  of  development  and  the  connection  between  the  mother  and  the 
fcetus,  we  cannot  attempt  to  explain. 

Union  of  the  Male  with  the  Female  Element  of  Generation.— IhQ  first  important  steiJ 
in  our  positive  knowledge  of  the  mechanism  of  fecundation  was  the  discovery  of  the 
spennatozoids,  in  16Y7,  to  which  we  have  already  referred;  the  second  was  the  demon- 
stration, by  Spallanzani,  in  his  experiments  upon  artificial  fecundation,  that,  when  the 
seminal' fluid  is  carefully  filtered,  the  liquid  which  passes  through  has  no  fecundating 
properties,  the  male  element  remaining  on  the  filter ;  and  the  third  was  the  demonstra- 
tion of  the  presence  of  spermatozoids  within  the  vitellme  membrane,  showing  that  fecun- 
dation consists  in  a  direct  union  of  the  male  with  the  female  element. 

As  to  the  mechanism  of  the  penetration  of  spermatozoids  to  the  vitellus,  we  can  only 
refer  to  the  micropyle  discovered  in  the  ova  of  fishes  and  mollusks,  which  we  have 
already  described.  lu  the  ova  of  the  Nephelis,  a  small  species  of  leech,  Kobin  has  seen 
spermatozoids,  to  the  number  of  several  hundreds,  penetrate  the  vitelline  membrane, 
always  at  one  point,  continuing  their  movements  upon  the  surface  of  the  vitellus. 
"  Almost  always,  when  the  penetration  has  ceased,  a  bundle  of  spermatozoids  are 
arrested  in  the  micropyle."    We  had  an  opportunity  of  witnessing  a  demonstration  of 

these  phenomena  by  Prof.  Kobin,  in  1861,  in  the  ova 
of  the  Limnjeus  stagnalis,  and  actually  saw  a  sper- 
matozoid  half-way  through  the  vitelline  membrane. 
According  to  numerous  direct  observations,  the  sper- 
matozoids move  actively  around  the  ovum,  collect 
toward  a  certain  point,  and  there  penetrate  the  vitel- 
line membrane.  Coste,  and  many  other  observers 
whom  it  is  unnecessary  to  quote,  have  seen  the  sper- 
matozoids within  the  vitelline  membrane,  in  the  ovum 
of  the  rabbit ;  and,  more  recently,  Weil  has  seen  sper- 
matozoids wedged  in  the  substance  of  the  zona  pellu- 
cida,  has  added  blood  to  the  specimen  under  observa- 

_  ,  _  tion,  and  has  restored  the  movements  of  the  sperma- 

FiG  m.^Penetrationofspermatozoias  tozoids  while  in  this  position.  He  has  also  seen,  in 
through  tiia  mteiiine  memhrane.  g^jjjg  instances,  peifectly-formed  spermatozoiQS  in  tne 
(iiaeckei.)  substance  of  the  vitellus. 

All  direct  observations  upon  the  lower  orders  of  animals  have  shown  that  several  sper- 
matozoids are  necessary  for  the  fecundation  of  a  smgle  ovum;  but  we  have  no  definite 
idea  of  the  number  required  in  mammals,  much  less  in  the  human  subject.  Nor  do  we 
know  what  becomes  of  the  spermatozoids  after  they  have  come  m  contact  with  the  vitel- 
lus All  that  we  can  say  upon  this  point  is,  that  there  is  probably  a  molecular  umon 
between  the  two  generative  elements,  soon  to  be  followed  by  the  remarkable  series  of 
changes  involved  in  the  first  processes  of  development. 

Segmentation  of  the  Vitellus. 

As  we  have  already  stated,  it  is  probable  that  the  ovum  is  f^-^-^-^J^^'.^^^^^J^f,^;^:^ 
it  enters  the  Fallopian  tube  or  in  the  dilated  portion  near  the  ovarj.    A  P^^^J^s 
the  tube,  whether  it  be  orbe'not  fecundated,  it  becomes  ^-^''''^^  ""'f  ^^^ZZZ 
layer.    This  layer  probably  serves  to  protect  the  fecundated  ""^/'^^^^^^^^^ 
matozoids  do  not  penetrate  the  vitelline  membrane  near  the  ovary,  it  presents  an  obstacle 
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■to  their  passage.  Shortly  after  fecundation,  the  germinal  vesicle  disappears ;  but  this 
occurs  in  ova  that  have  not  been  feciindated.  Soon  after  ovulation,  also,  the  vitellus 
gradnall.v  withdraws  itself  from  certain  portions  of  the  vitelline  membrane,  or  becomes 
deformed,  and  then  often  rotates  upon  itself ;  a  phenomenon  which  has  long  been  observed 
in  the  ova  of  some  of  the  lowest  orders  of  animals  and  of  rabbits.  The  deformation 
and  gyration  of  the  vitellus,  however,  have  been  observed  in  ova  before  fecundation  and 
have  nothing  to  do  with  the  process  of  development.  They  are  of  the  class  of  move- 
ments called  amoeboid. 

After  the  penetration  of  spermatozoids  and  their  union  with  the  vitellus,  at  least  in 
many  of  the  lowest  orders  of  animals,  the  appearance  of  the  vitellus  undergoes  a  remark- 
able change,  by  which  ova  that  are  about  to  pass  through  the  first  processes  of  develop- 
ment may  be  readily  distinguished  from  those  which  have  not  been  fecundated.  This 
change  consists  in  an  enlargement  of  the  granules  and  their  more  complete  separation 
from  the  clear  substance  of  the  vitellus.  The  granules  then  refract  light  more  strongly 
than  before,  so  that  the  fecundated  ova  are  distinctly  brighter  than  the  others.  This  is 
the  first  appearance  that  is  distinctive  of  fecundation. 

Polar  Globule. — The  next  process  observed  in  the  ovum  is  the  separation  from  the 
vitellus  of  a  comparatively  clear,  rounded  mass,  called  by  Robin  the  polar  globule.  This 
body  has  been  observed  before  by  various  anatomists  and  described  under  different 
names.    The  exact  mode  of  its  formation  has  been  studied  by  Robin  in  some  of  the  lower 


PiQ.        Formation  of  thapolar  globules  in  the  ova  of  the  Nephelis  octoaulata.  (Robin.) 


orders  of  animals.  We  shall  describe  briefly  this  process  as  it  was  demonstrated  to  us  by 
Robin,  in  1861,  the  description  being  taken  from  notes  made  at  that  time  : 

Five  hours  after  the  entrance  of  the  spermatozoids,  we  see  a  little  elevation  at  one 
point  in  the  vitellus.    This  is  the  beginning  of  the  polar  globule.    It  increases  in  size 
gradually,  and  becomes  constricted  at  its  base,  until  it  is  attached  to  the  vitellus  by  a 
5Y 
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Fia.  'IS^.— Segmentation  of  the  vitel- 
lus.  (U&geots.) 

a,  a,  a,  a,  a,  spermatozoids.  TUo  four 
upper  flprures  represent  the  progres- 
sive segmentation  of  the  vitellus. 
The  lowest  figure  shows  the  cells  of 
tiie  blastoderm. 


littlo  pedicle.  There  is  tlien,  usually,  a  second  globule 
I'onned  just  behind  the  iirst,  in  the  same  uiannor ;  ami 
sometimes  a  third  makes  its  appearance.  As  soon  as 
the  globules  are  perfectly  formed,  they  all  become  de- 
tached from  the  vitellus,  but  remain  adhei-eut  to  each 
other,  gradually  fusing  to  form  a  single,  rounded,  very 
faintly  granular  mass ;  and  it  is  opposite  this  globule 
that  the  first  fuiTow  of  segmentation  of  the  vitellus  is 
observed.  The  complete  formation  of  the  polar  globules 
find  their  fusion  into  one  occupy  three  hours.  It  is  prob- 
able that  the  polar  globule  is  formed  in  the  mammalia  in 
the  manner  above  indicated.  Sometimes  the  polar  glob- 
ule is  formed  in  ova  that  have  not  been  fecundated. 

Vitelline  Nucleus. — A  short  time  after  the  complete 
formation  of  the  polar  globule,  the  germinal  vesicle  hav- 
ing disappeared,  the  deformed  viteUns  resumes  its  original 
rounded  appearance  and  fills  again  the  cavity  of  the  vi- 
telline membrane.  At  this  time,  the  extreme  periphery 
of  the  vitellus  becomes  clearer,  the  granules  collect  in  a 
large  zone  around  the  centre,  and,  in  tbe  centre  itself,  a 
clear,  rounded  body  makes  its  appearance,  which  is  called 
tbe  nucleus  of  tbe  vitellus.  This  mass  is  viscid,  amorphous, 
without  granules,  and  is  entirely  difi"erent  from  the  germi- 
nal vesicle,  having  no  nucleus  at  first,  a  nucleolus,  how- 
ever, appearing  in  each  of  the  numerous  nuclei  which  re- 
sult from  its  segmentation.  The  formation  of  tbe  nucleus 
of  the  vitellus  is  a  positive  evidence  of  fecundation. 
It  appears  from  fifteen  to  thirty  hours  after  fecmidation. 

Segmentation  of  the  Vitellus.— Aimost  immediately 
following  tbe  phenomena  we  have  just  described,  the 
vitellus  begins  to  undergo  the  remarkable  process  of 
segmentation,  by  which  it  is  divided  into  numerous 
small  cells.  This  process  may  take  place  to  a  limited 
extent  in  non-fecundated  ova;  but  in  this  case  the 
ceUs  soon  disappear,  as  the  disintegration  of  the  ovnm 
advances.  The.  true  segmentation  of  the  vitellus,  how- 
ever, results  in  the  formation  of  what  are  called  the 
blastodermic  cells.  As  segmentation  has  been  studied 
in  the  inferior  animals,  there  appears  first  a  furrow  in 
the  vitellus,  at  the  site  of  tbe  polar  globule,  and  there 
is  then  a  furrow  on  the  opposite  side,  both  deepening 
until  the  entire  vitellus  is  divided  into  two  globes.  These 
are  at  first  spherical ;  but  they  soon  become  flattened 
upon  each  other  into  two  hemispheres.  There  follows 
then  a  similar  division  into  four,  another  into  eight,  and 
so  on,  until  the  entire  vitellus  is  divided  into  numerous 
cells  each  with  a  clear  nucleus  resulting  from  the  seg- 
mentation of  the  original  nucleus  of  the  vitellus.  It  is 
probable  that,  at  first,  the  cells  of  the  vitellus  have  no 
membrane;  but  a  membrane  is  soon  formed,  a  nucleus 
appears,  and  the  cells  are  perfect. 
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Most  of  the  plienomena  of  segmentation  luivo  been  observed  in  tlio  lower  orders  of 
animals ;  but  there  can  be  no  doubt  that  analogous  processes  take  place  in  the  human 
ovum.  In  the  rabbit,  Weil  observed,  forty-five  and  a  half  hours  after  copulation,  an 
ovum,  with  sixteen  segmentations,  situated  in  the  lower  third  of  the  Fallopian  tube. 
Ninety-four  hours  after  copulation,  he  observed  an  ovum,  with  a  delicate  mosaic  appear- 
ance, presenting  a  small,  rounded  eminence  on  its  surface.  , 

It  is  impossible  to  say  how  long  the  process  of  segmentation  continues  in  the  human 
ovum.  It  is  stated  that  it  is  completed  in  rabbits  in  a  few  days,  and,  in  dogs,  that  it  occu- 
pies more  than  eight  days.  When  the  cells  of  the  blastoderm  are  completely  formed, 
they  present  a  polygonal  appeax-ance  as  they  are  pressed  against  the  vitelline  membrane, 
their  inner  surface  being  rounded.  The  ovum  then  contains,  within  the  external  layer 
of  cells,  a  small  quantity  of  liquid.  It  is.probably  in  this  condition  that  the  ovum  passes 
from  the  Fallopian  tube  into  the  uteru.s,  at  about  the  eighth  day  after  fecundation. 

Frimitive  Trace  of  the  3f)ibryon. — The  cells  formed  by  the  segmentation  of  the  vitel- 
las,  after  this  process  ip  completed,  are  arranged  in  the  form  of  a  membrane  (the  bla^o- 
dermic  membrane)  which  is  farther  subdivided,  as  development  advances,  into  layers, 
which  will  be  fully  described  hereafter.  The  albuminous  covering  which  the  ovum  has 
received  in  the  upper  part  of  the  Fallopian  tube  gradually  liquefies  and  penetrates  the 
vitelline  membrane,  furnishing,  it  is  thought,  matter  for  the  nourishment  and  develop- 


FiG.  290. — Primitive  trace  of  the  emhryon.  (Li^geois.) 

o,  primitive  trace;  6,  area  pellucida;  c,  area  obscara;  d,  blastodermic  colls;  e,  villi  begimiing  to  appear  on  the  vitel- 
line membrane. 


ment  of  the  vitellus.  In  the  Fallopian  tube,  indeed,  the  adventitious  albuminous  cover- 
ing of  the  ovum  presents  an  analogy  to  the  albuminous  coverings  which  the  eggs  of 
oviparous  animals  receive  in  the  Oviducts;  with  the  difference  that  this  albuminous 
matter  is  almost  the  sole  source  of  nourishment  in  the  latter,  and  exists  in  large  quantity, 
while,  in  viviparous  animals,  the  quantity  is  small,  is  .generally  consumed  as  the  ovum 
passes  into  the  uterus,  and,  in  the  uterus,  the  ovum  forms- attachments  to  and  draws  its 
nourishment  from  the  vascular  system  of  the  mother. 

At  the  period  when  the  fecundated  ovum  enters  the  uterus,  it  has  increased  in  size 
about  five  times.  It  is  then  composed  of  an  external  covering  (the  vitelline  membrane) 
with  a  cellular  membrane  internal  to  this  (the  blastodermic  membrane)  and  a  certain 
amount  of  liquid  in  its  interior. 

Soon  after  the  formation  of  the  single  blastodermic  membrane,  at  a  certain  point  on 
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its  surface,  there  appears  a  rounded  elevation  or  heap  of  smaller  cells,  forming  a  distinct 
spot,  called  the  embryonic  spot.    As  development  advances,  this  spot  becomes  elongated 
and  oval    It  is  then  surrounded  by  a  clear,  oval  area,  called  the  area  pellucida,  and  the 
area  pellucida  is  itself  surrounded  by  a  zone  of  cells,  more  granular  and  darker  than  tlio 
rest  of  the  blastoderm.    The  elongated  line  thus  formed  and  surrounded  by  the  area 
pellucida  is  called  the  primitive  trace.    It  has  been  shown,  however,  that  this  primitive 
trace  or  primitive  groove,  is  a  temporary  structure  and  has  nothing  to  do  with  the 
development  of  the  neural  canal.    After  the  groove  is  formed,  there  appears  in  front  of, 
but  not  contiuuous  with  it,  a  new  fold  and  a  groove  leading  from  it.    This  is  the  "  head- 
fold  "  and  the  groove  is  the  true  medullary  groove,  which  is  subsequently  developed  into 
the  neural  canal.    If  we  adopt  this  view— and  the  difEerence  is  not  very  important— we 
simply  substitute  the  new  trace,  which  is  the  seat  of  the  development  of  the  neural  canal, 
for  the  original  primitive  trace,  which  is  temporary.    It  is  probable  that  embryologists 
have  heretofore  noted  the  so-called  primitive  trace  and  studied  subsequently  the  develop- 
ment of  the  true  meduUary  groove,  supposing  that  they  were  identical  structures  m  dif- 
ferent stages  of  formation,  and  not  observing  that  the  first  trace  disappears. 

Blastodermic  Layers.-Shortlj  after  the  appearance  of  the  primitive  trace,  the  blasto- 
dermic cells,  which  arc  at  first  arranged  so  as  to  form  a  single  membrane,  separate  into 
layers  These  layers  have  been  differently  described  by  various  observers,  and  there  is 
some  uncertainty  with  regard  to  the  application  of  direct  researches  made  upon  the  chick, 
in  which  most  of  these  early  processes  of  development  have  been  studied,  to  the  mam- 
malia and  the  human  subject.  We  shall  endeavor  to  describe  the  difterent  layers  m  as 
simple  a  manner  as  is  consistent  with  our  positive  knowledge,  omitting  all  pomts  that  are 
unsettled  or  which  seem  to  be  of  minor  importance. 

The  blastodermic  cells,  resulting  originally  from  the  segmentation  of  the  vateUus,  are 
first  apparently  split  into  two  layers,  which  may  be  termed  the  externa  and  the  mternd 
blastodermic  membranes.    According  to  the  most  recent  observations,  the  P^^^^"^ 

Is  the  spinal'canal  is  thus  developed,  a  new  layer  is  ^^-1' L  n 
the  internal  surface  of  the  original  external  layer  and  '^^^^^^J^^J^^^^^^^^^^^^ 
or  mucous  layer.    This  layer  of  new  cells  may  be  termed  the  mt  i  mediate  layer , 
is  from  this  that  nearly  all  the  parts'of  the  embfron  are  developed. 

To  summarize  the  development  of  the  layers  just  mentioned,  ^'^  may  state  that  he 

these  cells  that  the  greatest  part  of  the  embryon  is  formed. 

Formation  of  the  Memlrams. 

The  M.f  description  we  ha.,  j«st  give,  of  the  ^rwe'Xiii 
seemed  necessar,  as  a«  introduction  to  the  slndy  of  tl,  .^^J  Jl""  p„,3  of  Ih 
for  the  present,  the  description  of  their  development  mto  the  d.fierent  P 

mammaiia.  a  portion  Of  t,,e  hiastoderm  is  dove^^ 
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amnion,  and  anotlier  vascular,  the  allantois.  From  the  mucous  membrane  of  the  uterus, 
are  developed  the  two  layers  of  the  decidiui.  At  a  certain  part  of  the  uterus,  a  vascular 
connection  is  established  between  the  mucous  membrane  and  the  allantois,  and  the  union 
of  these  two  structures  forms  the  placenta.  The  fostal  portion  of  the  placenta  is  con- 
nected with  the  fcetus  by  the  vessels  of  the  umbilical  cord ;  and  the  maternal  portion  is 
connected  with  the  great  uterine  sinuses.  Development  takes  place  from  material  sup- 
plied to  the  foetus  by  the  blood  of  the  mother. 

The  external  covering  of  the  ovum,  during  the  first  stage  of  its  development,  is  the 
vitelline  membrane.  As  the  ovum  is  received  into  the  uterus,  the  vitelline  membrane 
develops  upon  its  surface  little  villosities,  which  are  non- vascular  and  are  formed  of  amor- 
phous matter  with  granules.  These  are  the  first  villosities  of  the  ovum,  and  they  assist 
in  fixing  the  egg  in  the  uterine  cavity.  They  are  not  permanent,  they  do  not  become 
developed  into  the  vascular  villosities  of  the  chorion,  and  they  disappear  as  the  true 
membranes  of  the  embryon  are  developed  from  the  blastodermic  layers.  It  is  probable 
that  the  vitelline  membrane  disappears  about  the  fourth  or  fifth  day,  when  it  is  replaced 
by  the  amnion. 

Formation  of  tlie  Amnion.— As  the  ovum  advances  in  its  development,  it  is  observed 
that  a  portion  of  the  blastoderm  becomes  thickened,  to  form  the  first  trace  of  the  embryon. 
At  this  portion,  where  the  body  of  the  embryon  subsequently  makes  its  appearance,  as 
we  have  already  seen,  we  have  the  external  layer,  the  internal  layer,  and  a  thick,  inter- 
mediate layer  of  cells,  which  are  developed  from  the  opposite  surfaces  of  the  external  and 
the  internal  layer,  called  the  middle  layer.  At  nearly  the  time  when  this  thickening  begins, 
a  fold  of  the  external  layer  makes  its  appearance,  surrounding  the  thickened  portion,  and 
most  prominent  at  the  cephalic  and  the  caudal  extremity  of  the  furrow  for  the  neural  canal. 
This  fold  increases  in  extent  as  development  advances,  passes  over  the  dorsal  surface  of 
the  embryon,  and  finally  meets  so  as  to  enclose  the  embryon  completely.  "We  can  readily 
figm-e  to  ourselves  this  process  and  understand  how,  at  a  certain  period  of  the  develop- 
ment of  the  amnion,  this  membrane  consists  of  an  external  layer,  formed  of  the  external 
layer  of  the  fold,  and  an  internal  layer ;  the  point  of  union  of  the  two  layers,  or  the  point 
of  meeting  of  the  fold,  being  marked  by  a  membranous  septum. 

The  two  amniotic  layers  are  formed  in  the  way  that  we  have  just  described,  and  a 
complete  separation  finally  takes  place,  by  a  disappearance  of  the  septum  formed  by  the 
meeting  of  the  folds  over  the  back  of  the  embryon.  This  process  occupies  four  or  five 
days  in  the  human  ovum.  The  point  where  the  folds  meet  is  called  the  amniotic  umbili- 
cus. When  the  amnion  is  thus  completely  foi-med,  the  vitelline  membrane  has  been 
encroached  upon  by  the  external  amniotic  layer  and  disappears,  leaving  this  layer  of  the 
amnion  as  the  external  covering  of  the  ovum.  At  this  time,  there  is  a  growth  of  villosi- 
ties upon  the  surface  of  the  external  amniotic  layer,  which,  like  the  villosities  of  the  vitel- 
line membrane,  are  not  vascular. 

Soon  after  the  development  of  the  amnion,  the  allantois  is  formed.  This  membrane 
is  vascular,  encroaches  upon  and  takes  the  place  of  the  external  amniotic  membrane, 
becomes  villous,  and  its  villosities  take  the  place  of  those  of  the  amnion.  Over  a  certain 
portion  of  the  membrane,  the  villosities  are  permanent.  The  mode  of  development  of  the 
amnion,  as  we  have  described  it,  is  illustrated  by  the  diagrammatic  Fig.  291.  This  figure 
illustrates  the  formation  of  the  amnion,  the  umbilical  vesicle,  and  the  allantois.  The  last  two 
structures  are  not  derived  from  the  external  blastoderfiiic  layer,  and  they  will  be  described 
farther  on,  after  we  have  studied  the  full  development  of  the  amnion  and  its  relations. 

When  the  allantois  has  become  the  chorion,  or  the  external  membrane  of  the  ovum, 
having  taken  the  place  of  the  external  layer  of  the  amnion,  the  structures  of  the  ovum 
are  the  following:  1.  The  chorion,  formed  of  the  two  layers  of  the  allantois,  derived  from 
the  internal  blastodermic  membrane,  and  penetrated  by  blood-vessels.  2.  The  umbilical 
cord,  which  connects  the  embryon  with  the  placental  portion  of  the  chorion,  and  the  um- 
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bilical  vesicle,  formed  from  the  siimo  liiycrs  as  the  nllantoiB.  !i.  The  amnion,  vvhicli  is  the 
internal  layer  of  the  amniotic  fold,  persisting  throughout  tlie  whole  of  foital  life.  4.  The 
cmbryon  itself. 

During  the  early  stages  of  development  of  the  umbilical  vesicle  and  the  allantois,  the 
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internal  amniotic  layer,  or  the  true  amniotic  membrane,  is  closely  applied  to  the  surface 
of  the  embryon  and  is  continuous  with  the  epidermis  at  the  umbilicus.  It  is  then  sepa- 
rated from  the  allantois  by  a  layer  of  gelatinous  matter ;  and  in  this  layer,  between  the 
amnion  and  the  allantois,  is  embedded  the  umbilical  vesicle.  At  this  time,  the  umbdical 
cord  is  short  and  -not  twisted.  As  development  advances,  however,  the  inter-membra- 
nous gelatinous  matter  gradually  disappears ;  the  cavity  of  the  amnion  is  enlarged  by  the 
production  of  a  liquid  between  its  internal  surface  and  the  embryon;  and,  at  about  the 
end  of  the  fourth  month,  the  amnion  comes  in  contact  with  the  internal  surface  ot  the 
chorion.  At  this  time,  the  embryon  floats,  as  it  were,  in  the  amniotic  cavity,  surrounded 
by  the  amniotic  fluid.  The  amnion  forms  a  lining  membrane  for  the  chorion;  by  its 
gradual  enlargement  it  has  formed  a  covering  for  the  umbilical  cord ;  and,  between  it  and 
the  cord,  is  the  atrophied  umbilical  vesicle.  The  amnion  then  resembles  a  serous  mem- 
brane, except  that  it  is  non-vascular.  It  is  lined  by  a  single  layer  of  pale,  delicate  ceUs 
of  pavement-epithelium,  which  contain  a  few  fine,  fatty  granulations.  At  terra,  the  am- 
nion adheres  to  the 'chorion,  though  it  may  be  separated,  with  a  little  care,  as  a  distinct 
membrane,  and  may  be  stripped  from  the  cord.  From  its  arrangement  and  from  the 
absence  of  blood-vessels,  it  is  evident  that  this  membrane  is  simply  for  the  protection  of 
the  fffitus  and  is  not  directly  concerned  in  its  nutrition  and  development.  (See  Plate 
ni.,  Fig.  2,  facing  page  922.)  The  gelatinous  mass  referred  to  above,  situated,  durmg 
the' early  periods  of  intra-uterine  life,  between  the  amnion  and  the  chorion,  presents  a 
semifluid  consistence,  and  it  is  marked  by  the  presence  of  numerous  very  delicate,  inter- 
lacing fibres  of  young  connective  tissue  and  fine  grayish  granulations  scattered  through  its 
substance.  These  fibres  gradually  develop  as  the  quantity  of  gelatinous  matter  dintiinishes 
and  the  amnion  approaches  the  chorion,  until,  finally,  it  forms  a  rather  soft,  reticulated 
layer,  which  is  sometimes  called  the  membrana  media. 

Amniotic  Fhdd.—The  process  of  enlargement  of  the  amnion  shows  that  the  amniotic 
fluid  gradually  increases  in  quantity  as  the  development  of  the  foetus  progresses.  At 
term,  the  entire  quantity  is  variable,  being  rarely  more  than  two  pints  or  less  than  one 
pint.  In  the  early  periods  of  utero-gestation,  it  is  clear,  slightly  yellowish  or  greenish, 
and  perfectly  liquid.  Toward  the  sixth  month,  its  color,  is  more  pronounced,  and  it  be- 
comes slightly  mucilaginous.  Its  reaction  is  usually  neutral  or  faintly  alkaline,  though 
sometimes  it  is  feebly  acid  in  the  latest  periods.  It  sometimes  contains  a  small  quantity 
of  albumen,  as  determined  by  heat  and  nitric  acid ;  and  there  is  generally  a  gelatinous 
precipitate  on  the  addition  of  acetic  acid.  The  following  table,  compiled  by  Kobin,  gives 
its  chemical  composition : 

Composition  of  the  A?nniotic  Fluid. 

■\Vater   !ini-00  to  9'75-00 

Albumen  and  mucosine.   '''SS  "  lO'll 

Urea  -   ^'OO  "  3-50 

Creatine  aud  creatinine  (Scherer,  Robin  and  Verdeil)   not  estimated 

Lactate  6f  soda  (Vogt,  Regnauld)  ,   a  trace 

Fatty  matter.?  (Rees,  Mack)   0-13  to  1-25 

Gkicose  (CI.  Bernard)   not  estimated 

Chloride  of  sodium  and  chloride  of  potassium   2  40  to  5'93 

Chloride  of  calcium  '   a  trace 

Carbonate  of  soda   a  trace 

Sulphate  of  soda   a  trace 

Sulphate  of  potassa  (Rees)  .•   a  trace 

Calcareous  and  magnesian  phosphates  and  sulphates   I  l  l  to  1-72 

The  presence  of  certain  of  the  urinary  constituents  in  the  amniotic  fluid  has  led  to  the 
view  that  the  urine  of  the  fcetus  is  discharged,  in  greater  or  less  quantity,  into  the  am- 
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iiiotic  cavity.  Bornard,  -who  is  cited  in  the  above  table  as  having  determined  the  pres- 
ence of  sugar  in  the  anmiotic  fluid,  has  shown  that,  in  animals  with  a  multiijle  i)lacenta, 
the  amnion  has  a  glycogenic  function  during  the  early  part  of  intra-uterine  existence. 

With  regard  to  the  origin  of  the  amniotic  fluid,  it  is  impossible  to  say  how  nnich  of  it 
is  derived  from  the  general  surface  of  the  foetus,  how  much  from  the  urine,  and  how 
much  from  the  amnion  itself,  by  transudation  from  the  vascular  structures  beneath  this 
membrane.  The  quantity  is  apparently  too  great,  especially  in  the  early  months,  to  be 
derived  entirely  from  the  urine  of  the  foetus,  and  there  is  probably  an  exudation  from  the 
general  surface  of  the  foetus  and  from  the  membranes.  After  the  third  month,  the  seba- 
ceous secretion  from  the  skin  of  the  foitus  prevents  the  absorption  of  any  of  the  liquid. 

An  important  property  of  the  amniotic  fluid  is  that  of  resisting  putrefaction  and  of 
preserving  dead  tissues.  It  is  stated  by  Robin  to  be  the  best  fluid  for  the  preservation 
of  the  embryonic  tissues,  when  it  is  desired  to  keep  them  for  examination. 

Formation  of  the  Umbilical  Vesicle.— the  visceral  plates,  which  will  be  described 
hereafter,  close  over  the  front  of  the  embryon,  that  portion  of  the  blastoderm  from  which 
the  intestinal  canal  is  developed  presents  a  vesicle,  which  is  cut  oflP,  as  it  were,  from  the 
abdominal  cavity,  but  which  still  communicates  freely  with  the  intestine.  This  is  the  um- 
bilical vesicle.  On  its  surface,  is  a  rich  plexus  of  blood-vessels ;  and  this  is  a  very  important 
organ  in  birds  and  in  many  of  the  lower  orders  of  animals.  In  the  human  subject  and  in 
mammals,  however,  the  umbilical  vesicle  is  not  so  important,  as  nutrition  is  eflected  by 
means  of  vascular  connections  between  the  chorion  and  the  uterus.  The  vesicle  becomes 
gradually  removed  farther  and  farther  from  the  embryon,  as  development  advances,  by 
the  elongation  of  its  pedicle,  and  it  is  compressed  between  the  amnion  and  the  chorion  as 
the  former  membrane  becomes  distended. 

"When  the  umbihcal  vesicle  is  formed,  in  the  way  which  we  have  indicated,  it  receives 
two  arteries  from  the  two  aortte,  and  the  blood  is  returned  to  the  embryon  by  two  veins, 
which  open  into  the  vestibule  of  the  heart.  These  are  caUed  the  omphalo-mesenteric 
vessels.  At  about  the  fortieth  day,  one  artery  and  one  vein  disappear,  and,  soon  after, 
all  vascular  connection  with  the  embryon  is  abolished.  At  first  there  is  a  canal  of  com- 
munication with  the  intestine,  called  the  omphalo-mesenteric  canal.  This  is  gradually 
obliterated,  and  it  closes  at  the  thirtieth  or  the  thirty-fifth  day.  The  point  of  communica- 
tion of  the  vesicle  with  the  intestine  is  called  the  intestinal  umbihous;  and,  early  m  the 
process  of  development,  there  is  here  a  true  hernia  of  a  loop  of  intestine.  The  umbilical 
vesicle  remains  as  a  tolerably  prominent  structure  as  late  as  the  fourth  or  fifth  month, 
but  it  may  often  be  discovered  at  the  end  of  pregnancy. 

The  umbiUcal  vesicle  presents  three  coats;  an  external,  smooth  membrane,  formed 
of  connective  tissue,  a  middle  layer  of  transparent,  polyhedric  cells,  and  an  internal  layer 
of  spheroidal  cells.  The  membrane,  composed  of  these  layers,  encloses  a  pulpy  mass, 
composed  of  a  liquid  containing  ceUs  and  yellowish  granulations. 

Formation  of  the  Allantois  and  the  Permanent  Chorion.— D^rm^  the  early  stages  oi 
development  of  the  umbilical  vesicle,  and  while  it  is  being  shut  off  from  the  mtestme, 
there  appears  an  elevation  at  the  posterior  portion  of  the  intestine,  which  rapidly  in- 
creases in  extent,  until  it  forms  a  membrane  of  two  layers,  which  is  situated  between 
the  internal  and  the  external  layer  of  the  amnion.  This  membrane  becomes  vascular 
early  in  the  progress  of  its  development,  increases  in  size  quite  rapidly,  and  hnaiiy  com- 
pletely encloses  the  internal  layer  of  the  amnion  and  the  embryon,  the  gelatmous  mass 
already  described  being  situated  between  it  and  the  internal  amniotic  layer,  betore  mis 
membrane  becomes  enlarged.  While  the  formation  of  the  two  layers  of  the  aUantms  is 
quite  distinct  in  certain  of  the  lower  orders  of  animals,  in  the  human  sub.iect  and  m  mam- 
mals, it  is  not  so  easily  observed;  still  there  can  be  no  doubt  as  to  the  mechanism  of  its 
formation,  even  in  the  human  ovum.    Here,  however,  the  allantois  soon  becomes  a  single 
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membrane,  the  two  original  layers  of  which  cannot  be  separated  from  each  otlier.  The 
process  of  the  development  of  the  allantois  is  shown  in  the  diagrammatic  Figure  291 
(3,  4,  5). 

It  is  the  vascularity  of  the  allantois  which  causes  the  rapid  development  by  which  it 
invades  and  finally  supersedes  the  external  layer  of  the  amnion,  becoming  the  permanent 
chorion,  or  external  menlbrano  of  the  ovum.  At  first  there  are  two  arteries  extending 
into  this  membrane  from  the  lower  portion  of  the  aorta,  and  two  veins.  The  two  arte- 
ries persist  and  form  the  two  arteries  of  the  umbilical  cord,  coming  from  the  internal 
iliac  arteries  of  the  foetus;  and  the  two  veins  are  reduced  to  one,  the  umbilical  vein, 
which  returns  the  blood  from  the  placenta  to  the  foetus.  These  vessels  are  connected 
with  the  permanent  vascular  tufts  of  the  chorion. 

The  development  of  the  allantois  cannot  be  well  observed  in  human  ova  before  the 
fifteenth  or  the  twenty-fifth  day.    "We  have  already  noted  the  formation  of  villosities, 

first  upon  the  vitelline  membrane,  and 
next  upon  the  external  amniotic  mem- 
brane, and  we  have  seen  that  both  of 
these  membranes  are  temporary  struct- 
ures. As  the  vascular  allantois  en- 
croaches upon  the  external  amniotic 
layer,  the  villosities  become  vascular; 
and,  when  the  allantois  becomes  the  per- 
manent chorion,  it  is  marked  by  a  mul- 
titude of  compound  villi  over  its  entire 
surface,  which  give  the  ovum  a  shaggy 
appearance.  It  is  diflicult  to  say  whether 
new  vUli  appear  upon  the  allantois,  or 
whether  the  villi  of  the  amnion  are  pene- 
trated by  the  vessels  of  the  allantois ; 
but  it  is  certain  that  the  true  or  perma- 
nent chorion  presents  upon  its  surface 
vascular  villi.  As  the  ovum  enlarges, 
over  a  certain  area  surrounding  the  point 
of  attachment  of  the  pedicle  which  con- 
nects it  with  the  embryon,  the  villi  are 
developed  more  rapidly  than  over  the  rest  of  the  surface.  Indeed,  as  the  egg  becomes 
larger  and  larger,  the  villi  of  the  sm-face  outside  of  this  area  become  more  and  more 
scanty,  lose  their  vascularity,  and  finally  disappear.  That  portion  upon  which  the  villi 
persist  and  increase  in  length  and  in  the  number  of  their  branches  is  destined  to  form 
connections  with  the  mucous  membrane  of  the  uterus,  and  it  constitutes  the  foetal  portion 
of  the  placenta.  This  change  begins  at  about  the  end  of  the  second  month,  and  the  pla- 
centa becomes  distinctly  limited  at  about  the  end  of  the  third  month. 

It  must  be  remembered  that,  as  the  changes  progress  which  result  in  the  formation  of 
the  permanent  chorion  and  the  limitation  of  the  foetal  portion  of  the  placenta,  the  forma- 
tion of  the  umbilical  vesicle  and  the  enlargement  of  the  amnion  are  also  going  on.  The 
amnion  is  gradually  becoming  distended  by  the  increase  in  the  quantity  of  amniotic 
fluid.  It  reaches  the  internal  surface  of  the  chorion  at  about  the  end  of  the  fourth  month, 
extends  over  the  umbilical  cord  to  form  its  external' covering,  including  the  cord  of  the 
umbilical  vesicle,  and  the  umbilical  vesicle  itself  lies  in  the  gelatinous  matter  between 
the  two  membranes. 

At  about  the  beginning  of  the  fifth  month,  then,  the  ovum  is  constituted  as  follows : 
The  foetus  floats  freely  in  the  amniotic  fluid,  attached  to  the  placenta  by  the  umbili- 
cal cord  ;  the  chorion  presents  a  highly-vascular,  thickened,  and  villous  portion,  the  fojtal 
portion  of  the  placenta ;  the  rest  of  the  chorion  is  a  simple  membrane,  without  villi  and 


Fig.  292. — Human  emhnjon  at  the  third  week,  shoicing 
villi  covering  the  entire  chorion.  (HjEckel.) 
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without  blood-vossels ;  tlio  amnion  linos  tlio  intornd  .siirfaco  of  tlio  diorion  and  also 
forms  the  external  covering  of  the  umbilical  cord ;  the  umbilical  vesicle  Jias  become 
atrophied  and  has  lost  its  vascularity;  the  hernia  at  the  point  of  connection  of  the  um- 
bilical vesicle  with  the  intestine  of  the  Itotus  has  closed ;  and,  finally,  the  foetus  Las  under- 
gone a  considerable  degree  of  development. 

It  now  remains  for  us  to  study  the  structure  of  the  umbilical  cord,  the  membranes 
formed  from  the  mucous  membrane  of  the  uterus,  or  the  membranse  deciduie,  and  the 
mode  of  development  and  the  structure  of  the  placenta. 

Umbilical  Cord.—Yvom  the  description  we  have  given  of  the  mode  of  development 
of  the  chorion  and  the  amnion,  it  is  evident  that  the  umbilical  cord  is  nothing  more  than 
the  pedicle  which  connects  the  embryon  with  that  portion  of  the  chorion  which  enters 
into  the  structure  of  the  placenta.  It  is,  indeed,  a  process  of  the  allantois,  in  which  the 
vessels  eventually  become  the  most  important  structures.  The  cord  is  distinct  at  about 
the  end  of  the  first  month ;  and,  as  development  advances,  the  vessels  consist  of  two 
arteries  coming  from  the  body  of  the  foetus,  which  are  usually  twisted  from  left  to  riglit 
around  the  single  umbilical  vein.  In  addition  to  the  spiral  turns  of  the  arteries  around 
the  veins,  the  entire  cord  may  be  more  or  less  twisted,  probably  from  the  movements  of 
the  foetus. 

The  fully-developed  cord  extends  from  the  umbilicus  of  the  foetus  to  the  central  por- 
tion of  the  placenta,  in  which  its  insertion  is  usually  oblique;  though  it  may  be  inserted 
at  other  points,  and  even  outside  of  the  border  of  the  placenta,  its  vessels  penetratmg 
this  organ  from  the  side.  Its  usual  length,  which  varies  very  considerably,  is  about 
twenty  inches.  It  has  been  observed  as  long  as  sixty,  and  as  short  as  seven  mches. 
When  the  cord  is  very  long,  it  sometimes  presents  knots,  or  it  may  be  wound  around  the 
neck,  the  body,  or  any  of  the  members  of  the  foetus ;  and  this  can  only  be  accounted  for 
by  the  movements  of  the  foetus  in  utero. 

The  external  covering  of  the  cord  is  a  process  of  the  amnion,  which,  as  it  extends 
over  the  vessels,  includes  a  gelatinous  substance  (the  gelatine  of  Wharton)  which  sur- 
rounds the  vessels  and  protects  them  from  compression.  This  gelatinous  substance  is 
identical  with  the  so-called  membrana  intermedia,  or  the  substance  included  between  the 
amnion  and  the  chorion.  The  entire  cord,  covered  with  the  gelatine  of  Wharton  and 
the  amnion,  is  usually  about  the  size  of  the  little  finger.  According  to  Eobm,  the  nor- 
mal cord  will  sustain  a  weight  of  from  ten  pounds  and  ten  ounces  to  twelve  pounds  and 
twelve  ounces  avoirdupois.  As  the  amniotic  fluid  accumulates  and  distends  the  amniotic 
membrane,  it  becomes  more  and  more  closely  applied  to  the  cord.  This  pressure  extends 
from  the  placental  attachment  of  the  cord  toward  the  foetus  and  gradually  forces  into 
the  abdomen  of  the  fcBtus  the  loop  of  intestine,  which,  in  the  early  periods  of  mtra- 
uterine  life,  forms  an  umbilical  hernia.  ,    ^  i  ^ 

It  is  generally  stated  by  writers  upon  embryology  that  the  vessels  of  the  cord  present 
no  valve!;  but  recent  observations  have  demonstrated _  the  P-^^^  ^/^f^^  ' 

both  in  the  vein  and  in  the  arteries.    These  are  simple  inversions  of  he  walls  of  the  ves 
sels  ^nd  they  do  not  exist  in  pairs,  nor  do  they  seem  to  influence  the  current  of  blood 
In  the  arteries,  these  folds  are  situated  at  intervals  of  from  half  an  inch  to  two  inches 
and  they  are  more  abundant  where  the  vessels  are  very  contorted.    In  the  yem  the  old. 
are  mosi  Zndant  near  the  placenta ;  they  are  very  irregularly  placed  -d^  m 
four  inches,  fifteen  folds  were  found.  It  is  not  apparent  that  these  folds  ha^  e  any  phy.io 

is  developed,  it  presents,  in  tl.o  oaHy  stages  of^s ^n^i^^S 
portions;  an  external  portion,  which  becomes  the  chorion,  a,i  ^"^^"^  P°' ^^^^^^^^^^ 
I  the  body  of  the  embryon,  and  an  ^^^^^^^  Z^:^::^^:^ 
we  have  seen,  becomes  the  umbilical  cord.    As  the  umi  uicus 

the  cord,  it  shuts  off  a  portion  of  the  allantois.  contamed  m  the  abdominal  cavity,  which 
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becomes  the  urinary  bladder;  but  there  is  a  temporary  communieation  between  the  inter- 
nal portion  and  the  lower  portion  of  the  cord,  whicli  is  called  the  urachus.  This  is  gen- 
erally obliterated  before  birth  and  is  reduced  to  the  condition  of  an  impervious  cord ; 
'  but  it  may  persist  during  the  whole  of  intra-uterine  life,  in  the  form  of  a  narrow  canal, 
extending  from  the  bladder  to  the  umbilicus,  which  is  closed  soon  after  birth. 

Memhranm  Deciduce.—ln  addition  to  the  two  membranes  connected  with  the  foetus, 
there  are  two  membranes  formed  from  the  mucous  membrane  of  the  uterus,  which  are 
derived  from  the  mother  and  which  serve  still  farther  to  protect  the  ovum.  The  cho- 
rion, as  we  liave  just  seen,  is  for  the  protection  of  the  foetus ;  but  a  portion  of  this 
membrane,  about  one-third  of  its  surface,  becomes  closely  united  with  a  corresponding 
portion  of  the  uterine  mucous  membrane,  to  form  the  placenta.  This  organ,  which 
serves  for  the  nutrition  of  the  foetus,  wnll  be  described  by  itself ;  but,  before  we  can 
thoroughly  comprehend  its  structure  and  the  process  of  its  development,  we  must  study 
carefully  the  formation  of  the  membranfe  decidu£e. 

As  the  fecundated  ovum  descends  into  the  uterus,  it  is  usually  invested  with  a  shaggy 
covering,  which  is  either  the  permanent  chorion  or  one  of  the  membranes  which  invests 
the  ovum  previous  to  the  complete  development  of  the  aUantois.  At  this  time,  the 
mucous  membrane  of  the  uterus  has  undergone  certain  changes  by  which  it  is  prepared 
for  the  reception  of  the  ovum.  The  changes  which  this  membrane  undergoes  in  men- 
struation have  already  been  studied.  It  has  been  seen  that,  during  an  ordinary  men- 
strual period,  the  membrane  has  been  increased  three  or  four  times  in  thickness  and  has 
become  more  or  less  rugous.  Without  being  able  to  state  from  positive  observation  the 
character  of  the  first  changes  in  the  uterine  mucous  membrane  preceding  the  descent  of 
the  fecundated  ovum — for  the  opportunities  for  direct  insj^ection  of  these  parts  after 
fecundation  and  before  the  arrival  of  the  ovum  are  not  frequent — it  is  almost  certain 
that  this  hypertrophy  occurs  and  progresses.  One  of  the  most  favorable  occasions  for 
observing  these  early  changes  in  the  human  subject  lately  presented  itself,  and  the  ap- 
pearances were  minutely  described  by  Reichert.  In  this  case,  the  ovum  was  lenticular, 
measuring  nearly  one-fourth  of  an  inch  in  its  long  and  about  one-sixth  of  an  inch  in 
its  short  diameter.  It  was  covered  with  simple,  empty,  cylindrical  villi,  and  was  esti- 
mated to  be  at  from  the  twelfth  to  the  thirteenth  day  of  its  development,  dating  from 
fecundation.  It  was  enclosed  in  the  decidua  reflexa,  and  it  was  thought  that  this 
had  been  accomplished  from  twenty-four  to  forty-eight  hours  before  the  death  of  the 
mother. 

According  to  Reichert,  the  thickening  of  the  mucous  membrane  of  the  uterus  which 
occurs  at  each  menstrual  period,  in  case  the  ovum  be  not  fecundated,  is  relieved  by  a  flow 
of  blood  and  disappears;  but,  if  fecundation  take  place,  the  membrane  continues  to  hyper- 
trophy and  to  prepare  itself  to  enclose  the  ovum.  In  this  process,  when  an  ovum  has 
been  fecundated,  there  are  formed,  upon  the  surface  of  the  mucous  membrane,  little  ele- 
vations, or  islands,  provided  with  primary  and  secondary  papillaj  everywhere  except  at 
their  borders,  where  the-  membrane  is  smooth  and  presents  the  enlarged  orifices  of  the 
uterine  follicles.  The  ovum  observed  by  Reichert  was  found  embedded  in  the  parenchyma 
of  one  of  these  islands ;  and,  as  it  was  detached,  several  villi  were  drawn  immediately  out 
from  the  uterine  tubules. 

It  is  now  well  known  that  the  mucous  membrane  lining  the  gravid  uterus  forms  what 
has  been  called  the  decidua  vera,  and  that  a  portion  is  reflected  over  the  ovum,  to  form 
the  decidua  reflexa.  Reichert  is  of  the  opinion  that  the  view  entertained  by  most  ob- 
servers, that  the  fecundated  ovum  lodges  itself  in  one  of  the  furrows  of  the  hypertrophied 
membrane  and  is  finally  enclosed  by  an  elevation  of  the  walls  of  the  furrow,  cannot  be 
sustained.  He  thinks  that  the  ovmn  first  becomes  attached  to  one  of  the  "  islands;  "  at 
the  point  of  attachment,  the  island  docs  not  increase  in  size  as  rapidly  as  at  other  por- 
tions, so  that  the  ovum  rests  in  a  cup-shaped  depression ;  and,  finally,  a  growth  takes  place 
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from  the  margin  of  this  depression,  which  extends  around  and  encloses  the  ovum,  pre- 
senting a  spot  where  the  linal  closure  takes  place,  called  tlio  decidual  umbilicus. 

Wo  have  given  the  recent  views  of  Keichert  thus  fully,  for  the  reason  that  they  are 
based  upon  the  study  of  a  remarkably  young  ovum  and  appear  to  bo  more  exact  and  • 
definite  than  any  observation  hitherto  recorded;  and  wo  shall  adopt  this  description  as 
representing  the  early  stages  of  the  formation  of  the  membranra  decidute. 

According  to  Keichert,  the  ovum  is  completely  enclosed  at  the  twelfth  or  the  thir- 
teenth day  The  mucous  membrane  lining  the  uterus  becomes  the  decidua  vera-,  and  the 
border  from  which  the  new  growth  is  formed  which  covers  the  ovum  is  the  boundary 
between  this  and  the  decidua  reflexa.  The  new  growth,  springing  from  tins  border,  en- 
velops the  ovum  completely  and  is  called  the  decidua  reflexa;  and,  in  this  membrane, 
there  is  no  trace  of  the  uterine  tubules. 

As  development  advances,  a  portion  of  the  decidua  vera-the  description  of  which  we 
reserve  for  the  present— undergoes  development  into  the  maternal  portion  of  the  placenta. 
The  rest  of  the  decidua  vera  becomes  extended,  loses  its  vessels  and  glands,  and  is  reduced 
to  the  condition  of  a  simple  membrane.  The  cylindrical  epithelial  cells  of  the  mucous 
membrane  of  the  body  of  the  uterus,  soon  after  fecundation,  become  gradually  exfoliated, 
and  their  place  is  supplied  by  flattened  epithelial  scales,  of  the  pavement-variety.  This 
change  is  eflected  at  from  the  sixth  to  the  eighth  week,  and  the  pavement-cells  are  then 
•  found  covering  both  the  decidua  vera  and  the  reflexa.  The  epithelium  of  the  cervix 
retains  its  cylindrical  character,  but  most  of  the  cells  lose  their  cilia. 

During  the  first  periods  of  utero-gestation,  the  two  layers  of  decidua  are  separated  by 
a  small  amount  of  an  albuminous  and  sometimes  a  sanguinolent  fluid  ;  but  this  disappeai^ 
at  about  the  end  of  the  fourth  month,  and  the  membranes  then  come  m  contact  with  each 
other  They  soon  become  so  closely  adherent  as  to  form  a  smgle  membrane  which  is  m 
contact  with  the  chorion.  Sometimes,  at  full  term,  the  membranes  ot  the  ^tus  can  be 
separated  from  the  decidua ;  but  frequently  all  of  the  different  layers  are  closely  adherent 

7he  changes  we  have  Just  described  are  not  participated  in  by  the  mucous  membrane 
of  the  neck  of  the  uterus.  The  glands  in  this  situation  secrete  a  semisohd,  transparent, 
viscid  mucus,  which  closes  the  os  and  is  sometuues  caUed  the  uterine  plug. 

Towai-d  he  fourth  month,  a  very  delicate,  soft,  homogeneous  ayer  appears  over  the 
muscu7ar  fib  es  of  the  uterus,  beneath  the  decidua  vera,  which  is  the  begmnmg  of  a  new 
Zcot  membrane.  This  is  developed  very  gradually,  and  the  membrane  is  completely 
restored  about  two  months  after  parturition. 

Mp^nent  and  Structure  oftke  P^^centa.-ln  cles^Mn,  t^^^^^^^^ 
hrnnfB  deciduse  and  of  the  chorion,  we  have  necessarily  hinted  at  the  mode  ot  development 
!  "e  ptcenta    Although  there  is  considerable  diflTerence  of  opinion 

a,  fet.l™»d,  are  bathed  ia  matevna  Mood;  a»d  ,t  °  «''^  tLl\uiti> 

are  apparently  supported.  „„f„        nhRPrvation  which  we  have 

Beginning  with  the  first  development  of  the  placen  a     e  ^^^  ^f  Z  ^c,^^, 
quoted  from  Keichert,  in  which,  it  wiU  be  remembered,  ^1^^         «  J 
Lre  actually  drawn  out  of  the  tubules  of  the  muc^  :p'^ZnL  into  the 

monstrate  beyond  question  the  fact  ot  penetration  of  the  oi 
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maternal  tubes.  This  is  a  capital  point  in  onr  view  of  tlie  mode  of  development  of  the 
placenta-  and  this  cannot  be  questioned,  if  wo  admit  the  accuracy  of  Reichert's  descrip- 
tion It'is  certain  that  the  portion  of  the  chorion  which  eventually  becomes  attached  to 
the  uterus  undergoes  a  much  greater  degree  of  development  than  the  rest  of  the  mem- 
brane The  villi  in  this  situation  become  branched  and  arborescent;  they  are  filled  with 
blood-vessels,  while  the  vascularity  in  other  parts  of  the  chorion  disappears;  the  mucous 
membrane  corresponding  to  this  portion  of  the  chorion  also  becomes  thickened ;  the  tubes 
in  which  the  villi  have  penetrated  are  correspondingly  enlarged  and  branched,  and  the 
vessels  which  surround  them  are  increased  in  size ;  and,  finaUy,  the  union  between  the  villi 
and  the  tubes  becomes  so  close  that  they  cannot  be  separated  from  each  other.  It  is 
evident  that,  if  this  be  the  mode  of  development  of  the  placenta,  the  maternal  portion  is 
formed  from  a  restricted  and  an  hypertrophied  part  of  the  mucous  membrane  of  the  uterus, 
and  the  fcetal  portion  is  simply  an  exceedingly  vascular  and  villous  part  of  the  chorion. 

As  development  advances,  the  vessels  of  the  maternal  portion  of  the  placenta  coalesce 
Into  great  lakes,  which  communicate  freely  with  the  uterine  sinuses.  In  these  great 
cavities,  we  find  the  vascular  fcetal  tufts;  and  it  is  easy  to  understand  how  transudation 
of  nutritive  material  and  gases  can  take  place  from  the  blood  of  the  mother  to  the  vascular 
system  of  the  foetus. 

If  the  above  description  be  correct,  we  should  be  able  to  pass  an  injection  from  the 
uterine  sinuses  into  the  maternal  portion  of  the  placenta,  even  as  far  as  its  fcetal  surface ; 
but  this  is  a  point  concerning  which  there  has  been  a  great  deal  of  discussion. 

In  injected  specimens  of  the  placenta,  when  an  attempt  has  been  made  to  fill  the 
maternal  as  well  as  the  fcetal  vessels,  the  material  injected  into  the  uterine  vessels  has 
sometimes  passed  through  the  entire  thickness  of  the  placenta  and  appeared  just  beneath 
the  transparent  chorion  at  the  foetal  surface  of  the  organ.  This  appearance,  however, 
has  been  thought  by  some  writers  to  be  due  to  extravasation  ;  and  many  physiologists 
are  of  the  opinion  that  the  placenta  has  no  maternal  portion,  that  it  is  entirely  a  fcetal 
organ,  and  that  the  maternal  vessels  do  not  pass  beyond  the  surface  by  which  it  is 
attached  to  the  walls  of  the  uterus.    This  opinion,  however,  we  believe  to  be  erroneous. 

The  important  point  in  the  determination  of  the  connection  of  what  may  be  termed 
the  placental  maternal  sinuses  with  the  vessels  of  the  uterus  can  be  settled  by  injection 
of  the  uterine  vessels  in  cases  in  which  the  observation  can  be  made  while  the  placenta 
is  stiU  attached  to  the  uterine  walls.  Dalton,  since  1853,  has  examined  the  parts  in  situ 
in  four  cases  of  women  who  died  undelivered  at  or  near  the  full  term  of  pregnancy,  and 
he  adopted  the  ingenious  expedient  of  filling  the  uterine  vessels  with  air,  by  which  the 
course  of  the  injection  conld  be  directly  observed.  This  operation  is  performed  in  the 
following  manner  :  The  uterus,  with  its  contents,  is  removed  from  the  body,  is  carefully 
opened,  and  the  foetus  is  taken  out,  after  dividing  the  umbihcal  cord.  The  parts  are 
then  placed  tinder  water,  the  end  of  a  blow-pipe  is  introduced  into  one  of  the  divided 
vessels  of  the  uterine  walls,  and  air  is  forced  in.  by  gentle  insufflation.  By  this  process, 
the  venous  sinuses  of  the  uterus  itself  are  first  filled,  next,  the  deeper  portions  of  the 
placenta,  and  finally,  "  the  bubbles  of  air  insinuate  themselves  everywhere  between  the 
fcetal  tufts,  and  appear  in  the  most  superficial  portions  of  the  placenta,  immediately 
underneath  the  transparent  chorion.  If  the  chorion  be  now  divided  at  any  point  by  an 
,  incision,  passing  merely  through  its  own  thickness,  the  air,  which  was  confined  beneath 
it  in  the  placental  sinuses,  will  escape,  and  rise  in  bubbles  to  the  surface  of  the  water. 
Such  an  experiment  shows  conclusively  tliat  the  placental  sinuses  communicate  freely 
with  the  uterine  vessels,  occupy  the  entire  thickness  of  the  placenta,  and  are  equally 
extensive  with  the  tufts  of  the  fcetal  chorion."  Dalton  farther  states  that  the  uterine 
vessels,  as  they  penetrate  the  placenta,  have  an  exceedingly  oblique  direction,  and  that 
their  orifices  may  be  easily  overlooked,  but  can  be  seen  by  careful  inspection. 

We  have  no  doubt  with  regard  to  the  accuracy  of  the  observations  of  Dalton,  and  we 
conceive  that  they  have  settled  the  question  of  the  existence  of  a  true  maternal  portion 
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of  the  placenta.  In  corroboration  of  tliis,  in  1804,  we  examined  the  uteruH,  with  the 
placenta  attaciied,  of  a  wonnm  who  died  in  the  latter  months  of  pregnancy,  in  the  pres- 
onoo  of  the  late  Prof.  (i.  T.  Elliot  and  Prof.  J.  P.  White,  and  forced  air  from  the  uterine 
sinuses  throughout  the  entire  thickness  of  the  placenta,  between  the  foetal  tufts.  In 
view  of  those  facts,  concerning  whicli  there  can  bo  no  doubt,  it  seems  unnecessary  to 
discuss  the  more  or  less  theoretical  views  of  writers  who  have  not  made  injections  of  the 
uterus  with  the  placenta  attached.  The  observations  of  Dalton  have  since  been  con- 
firmed by  numerous  anatomists,  so  that  we  must  consider  the  fact  of  an  intra-placental 
circulation  of  maternal  blood  as  definitively  established. 

Structure  of  the  Fully -developed  Placenta. — The  placenta  of  the  human  subject  pre- 
sents certain  differences  in  its  structure  at  various  periods  of  utero-gestation,  most  of 
which  have  been  indicated  in  treating  of  its  development.  At  about  the  end  of  the  third 
montli,  the  limits  of  the  placenta  become  distinct,  and  the  organ  rapidly  assumes  the  ana- 
tomical characters  observed  after  it  may  be  said  to  be  fully  developed.    It  then  occupies 
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Fig  m.-DiagrammaUo  figure,  showino  the  placenta  and  deciduce.  (Li^geois.)  ^ 
centa ;  m^teZ\  portion  of  the'plicenta ;  n,  n,  decidua  vera  ;  »,  dec.dua  reflexa. 

about  one-third  of  the  uterine  mucous  membrane,  and  it  is  generally  rounded  or  ovoid  in 
form,  with  a  distinct  border  connected  with  the  decidua  and  ^'J 
seve;  to  nine  inches  in  diameter,  a  little  more  than  an  inch  m  thickness  at  * PO  n  of 
penetration  of  the  umbilical  cord,  slightly  attenuated  ^^^'f^  he  border,  andj^hs 
Lm  fifteen  to  thirty  ounces.  Its  foetal  surface  is  covered  wi  h  the  ™*  "^^^ 
membrane,  and  its  uterine  surface,  when  detached,  is  rough,  and  dnnded  "^^^  ^"  "<^™"« 
irregular  lobes  or  cotyledons,  from  half  an  inch  to  an  inch  and  a  half  •'^/^  t^';^ 
tween  these  lobes,  are  membranes,  called  dissepiments,  which  penetrate  mto  the  sub- 
stance of  the  organ,  frequently  as  far  as  the  fcetal  surface. 
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Upon  the  uterine  surface  of  the  phxccnta,  is  a  thin,  soft  membrane,  sometimes  called 
the  ilecidua  serotimi.  This  is  merely  ii  portion  of  the  mucous  membrane  of  tlio  uterus 
situated  next  the  muscular  walls,  the  greater  part  of  it  not  being  thrown  off  with  the  pla- 
,  ceuta.  It  is  composed  of  amorphous  matter,  numerous  granulations,  and  colossal  cells  with 
enlarged  and  multiple  nuclei.  If  we  scrape  the  uterine  surface  of  a  fresh  placenta,  these 
cells  appear,  upon  microscopical  observation,  very  nmch  like  the  so-called  cancei'-cells. 
There  has  been  and  is  now  considerable  difference  of  opinion  with  regard  to  the  formation 
of  the  decidua  serotina.  Some  writers,  who  do  not  admit  that  the  placenta  has  any  true 
maternal  portion,  regard  it  as  the  portion  of  decidua  imprisoned  between  the  chorion 
and  the  muscular  walls  of  the  uterus ;  but,  if  we  adopt  the  view  that  the  placenta  is 
formed  in  part  of  the  uterine  mucous  membrane,  we  must  regard  the  serotina,  so  called, 
as  simply  the  deeper  portion  of  this  membrane. 

Blood-vessels  of  the  Placenta. — The  two  arteries  of  the  umbilical  cord  branch  upon 
the  fcetal  surface  of  the  placenta  beneath  the  amnion  and  finally  penetrate  the  substance 
of  the  organ.  The  branches  of  the  veins,  which  are  about  sixteen  in  numbei-,  converge 
towai-d  the  cord  and  unite  to  form  the  umbilical  vein.  Upon  the  uterine  surface  of  the 
placenta,  are  numerous  oblique  openings  of  the  veins  which  return  the  maternal  blood  to 
the  uterine  sinuses.  There  are  also  numerous  small  spiral  arteries,  which  pass  mto  the 
substance  of  the  organ  to  supply  blood  to  the  maternal  portion.  These  are  the  "  curling 
arteries,"  described  by  John  Hunter. 

If  we  inject  the  umbilical  arteries,  the  fluid  is  retm-ned  by  the  umbilical  vein,  having 
passed  through  the  vascular  tufts  of  the  foetal  portion  of  the  placenta.  According  to 
Farre,  the  small  arteries  and  the  veins  of  the  villi  at  first  communicate  through  a  true 
capillary  plexus ;  but,  toward  the  end  of  pregnancy,  the  capillaries  disappear,  leaving 
loops  of  vessels,  "  simple,  compound,  wavy,  or  much  contorted,  and  in  parts  varicose." 

According  to  the  recent  researches  of  Winkler,  there  are  three  kinds  of  fostal  villi  r 
1.  Those  which  terminate  just  beneath  the  chorion,  without  penetrating  the  vascular 
lacuna;.  2.  Longer  villi,  which  hang  free  in  the  lacunaa.  3.  Long,  branching  villi,  which 
penetrate  more  deeply  into  the  placenta,  some  extending  as  far  as  its  uterine  surface. 

The  formation  of  the  great  vascular  lakes  of  the  maternal  portion  of  the  placenta  has 
already  been  described.  These,  according  to  Winkler,  present  numerous  trabecute, 
which  extend  from  the  uterine  to  the  foetal  surface ;  and,  between  these  trabeculse,  are 
numerous  exceedingly  delicate  transversa  and  oblique  secondary  trabecular  processes- 
The  chorionic  villi  contain  blood-vessels,  which  we  have  already  described,  surrounded 
by  a  gelatinous,  connective-tissue  structure  (Sclileimgeweie),  and  are  generally  covered 
with  a  layer  of  nucleated  cells  of  pavement-epithelium. 

In  parturition,  the  curling  arteries  and  the  veins  on  the  uterine  surface  of  the  pla- 
centa are  torn  off',  and  the  placenta  then  consists  of  the  parts  we  have  just  described ; 
the  torn  ends  of  these  vessels  attached  to  the  uterus  are  closed  by  the  contractions  of  the 
surrounding  muscular  fibres  ;  and  the  blood  which  is  discharged  is  mainly  derived  from 
the  placenta  itself.  Thus  the  very  contractions'  which  expel  the  contents  of  the  uterus 
close  the  vessels  and  prevent  loss  of  blood  by  the  mother. 

Development  of  the  Mnbryon. 

The  product  of  generation  retains  the  name  of  ovum  until  the  form  of  the  body  begins 
to  be  apparent,  when  it  is  called  the  embryon.  At  the  fourth  month,  about  the  time  of 
quickening,  it  is  called  the  foetus,  a  name  which  it  retains  during  the  rest  of  intra-uterino 
life.  The  membranes  which  we  have  described  are  appendages  developed  foi-  tlie  pur- 
poses of  protection  and  nutrition  ;  and  the  embryon  itself,  in  the  mammalia,  is  developed 
from  a  restricted  portion  of  the  layers  of  cells  resulting  from  the  segmentation  of  the 
vitellus. 

We  h  ave  already  described  the  formation  of  the  blastodermic  cells  and  the  appearance 
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of  the  groove  which  is  subsequently  developed  into  the  neural  canal.  At  this  portion  of 
the  ovum,  there  is  a  thickening  of  the  blastoderm,  which  then  presents  three  layers,  the 
middle  layer,  the  thickest  and  most  important,  being  developed  from  the  opposite  sur- 
faces of  the  external  and  the  internal  layer.  We  have  to  study,  then,  the  clmnges  which . 
take  place  in  three  layers  of  cells,  which  we  shall  call  the  external  the  intermediate, 
and  the  internal  blastodermic  membranes.  The  earliest  stages  ol  development  have  been 
studied  almost  exclusively  in  the  chick,  and  the  processes  here  observed  cannot  be  as- 
sumed to  represent  exactly  the  mode  of  development  of  the  human  subject.  For  tins 
reason  we  feel  justified  in  adopting  the  simplest  division  of  layers,  which  is  into  three, 
and  shall  not  attempt  to  follow  the  excessively  minute  descriptions  of  the  early  arrange- 
ment of  cells,  given  by  some  recent  observers. 

A  -eneral  idea  of  the  development  of  certain  of  the  important  parts  of  the  embryon  will 
aid  us^in  comprehending  the  more  minute  processes  and  the  formation  of  special  organs ; 
and  this  we  can  give  without  reference  to  the  various  divisions  of  the  blastodermic  layers 
adopted  by  different  writers.  It  makes  very  little  difference,  indeed,  as  regards  our  actual 
knowledge  of  development,  whether  we  restrict  the  external  blastodermic  membrane  to 
the  development  of  the  epidermis,  or  whether  we  assume  that  a  portion  of  it  forms  the 
walls  of  the  neural  canal.  In  the  latter  case,  we  simply  make  a  thicker  external  layer 
at  the  expense  of  a  portion  of  the  intermediate  layer.  It  is  the  discussion  of  such  mmor 
points  as  this,  which  depend  mainly  upon  observations  made  upon  the  chick,  that  we 
propose  to  avoid,  in  our  endeavor  to  make  the  description  of  the  first  processes  of  devel- 

opment  as  simple  as  possible.  j  • 

We  may  assume  that  the  furrow  for  the  spinal  canal  and  its  dilated  superior  portion, 
the  head,  have  been  closed  over  by  the  union  of  the  dorsal  or  medullary  plates  behind. 
At  .  later  period,  there  has  been  a  growth  of  the  abdominal,  or  visceral  plates  which 
talVc  1  ovei  he  front  of  the  embryon.  Now,  to  adopt,  with  shgM  modifications  a 
lie'^ven  by  Hermann;  we  may  imagine  a  young  mammal  with  a  short,  straight  ali- 
r^Ly  canalf  taking  no  account,  for  the  present,  of  its  glandular  appendages.  We  take 
Te  entL  body  as  a  tube,  the  caliber  of  which  is  the  alimentary  canal,  with  walls  formed 
of  con  en1.-ic  layers.  Counting  these  layers  from  within  outward,  we  have  first,  the 
Lcl  m  mbrane;  next,  the  muscular  coat  of  the  intestine ;  then,  the  visceral  serous 
rXan'The  parietal  se'rous  membrane,  the  muscles  of  the  -^tt^e:^IVt 
fin^llv  the  internment    All  of  these  layers  are  developed,  to  a  greater  or  less  degree, 

tion  of  the  external  blastodermic  membrane. 

Mpmentoftke  Canities  and  Layers  oftke  TrunJc  in 
dnction  to'a  description  of  the  ^-^^^^f  ^;;Vv^Te  firrg^s  of^^Z^it  Z 
in  mammals  it  will  be  found  ^^.^^/"j^^f  ^^^^^^^^^ 

chick,  by  which  we  can  get  an  idea  ot  the  arrangeme  ,  ^  ^^^^^ 

layers,  and  the  way  in  which  they  are  developed  into  ^^J/^l  endeavor  to 

with  the  mode  of  formation  of  the  grea  cavities.  /^/^^  ^^^^^^^^  l,,ge  dia- 
describe  the  figures  given  by  Briicke,  whic^^^were  P^-^^g  P^^^^^^^^^^  3,,,  ,L  no 

grams,  made  from  actual  preparations,  by  Seboth.    In  this  Qescripi  , 
account  of  the  formation  of  the  membranes.  .„^„i„„,„pnt  in  the  chick.    In  this 

Fig.  294  illustrates  one  of  the  earliest  stages  of  development  m 
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figure,  the  superior  layer  of  dark  cells  (J,  I)  represents  the  external  blastodermic  mem- 
brane.' The  inferior  layer  of  dark  cells  {d,  d)  represents  the  internal  blastodermic  mem- 
'brme.    The  middle  layer  of  lighter  cells  is  the  intermediate  membrane,  which,  toward 


Fio.  294. 


the  periphery,  is  split  into  two  layers.  This  figure  represents  a  transverse  section.  At 
a,  is  a  transverse  section  of  the  groove  which  is  subsequently  developed  into  the  canal 
for  the  spinal  cord.  Beneath  this  groove,  is  a  section  of  a  rounded  cord  (e),  the  chorda 
dorsalis.  The  openings  (ff,  g)  represent  the  situation  of  the  two  aortas.  The  other  cavities 
are  as  yet  indistinct  in  this  figure. 


Fig.  295. 


Eig.  295  shows  the  same  structures  at  a  more  advanced  stage  of  development.  The 
dorsal,  or  vertebral  plates,  which  bound  the  furrow  (a)  in  Fig.  294,  are  closed  above, 
and  include  (a)  the  neural  canal.  The  chorda  dorsalis  (e)  is  separated  from  the  cells  sur- 
rounding it  in  Fig.  294.  We  have  still  the  external  blastodermic  membrane  (5,  V)  and  the 
internal  blastodermic  membrane  {d,  d),  presenting  various  curves  which  follow  the  arrange- 
ment of  the  cells  of  the  intermediate  layer.  By 


the  sides  of  the  boundaries  of  the  neural  canal, 
are  two  distinct  masses  of  cells  (c,  c),  which  are 
developed  into  the  vertebrae.  Outside  of  these 
masses  of  cells,  are  two  smaller  collections  of 
cells,  afterward  developed  into  the  Wolfiian 
bodies,  which  will  be  described  farther  on. 
Beneath  those  two  masses,  are  two  large  cavi- 
ties (g,  g),  the  largest  cavities  shown  in  Fig. 
295,  presenting  an  irregular  form,  which  are 
sections  of  the  two  primitive  aortaa.  The  two 
openings  (h,  h)  become  afterward  the  pleuro- 
peritoneal  cavity. 

In  Fig.  296,  the  parts  are  still  farther  de- 
veloped.   The  neural  canal  is  represented  (as) 


nearly  the  same  as  in  Fig.  295,  with  the  chorda  ^gg 
dorsalis  (e)  just  beneath  it.   A  groove,  or  gutter 

(d)  has  been  formed  in  front,  which  is  the  groove  of  the  intestinal  canal.    This  remains 
open  at  this  time  and  is  lined  by  the  internal  blastodermic  membrane.    Just  above  d,  is 
58 


GENERATION. 

a  single  opening  (,),  ^s-l.ich  is  forn.ed  by  the  union  of  the  two  openings  (^,g)  rn  Figs. 
394  and  2^5,  and  this  is  the  abdominal  aorta,  whieh  has  here  become  smgle  ihe  wo 
openings  (h  h)  represent  a  seetion  of  the  pleuro-peritoneal  cav.ty.  The  outer  wall  o 
ZLvltj  is  he  outer  visceral  plate,  which  is  developed  into  the  muscular  walls  of  the 
abdomen  The  lower  and  inner  wall  is  the  inner  visceral  plate,  which  forms  the  mam 
port~f  the  intestinal  wall.  The  outer  wall  is  the  outer  layer  of  the  mtermed.ate 
memrane,  and  the  inner  wall  is  the  inner  layer  of  the  same  membrane.  Ihe  two  round 
orifices  a  \)  are  sections  of  the  Wolffian  ducts. 

The  figu  es  we  have  just  described,  it  must  be  borne  in  mind,  represent  transverse  sec- 
tions of  the  body  of  the  chick,  made  through  the  middle  portion  ot  the  abdomen    In  our 

,  til;  nf  these  fiirures  we  have  not  adhered  absolutely  to  the  text  o{  Brttcke,  but 
ra?eT.adT  semi-diagrammatic  illustrations  by  Waldeyer,  whose 

Zln^Zs  are  remarkably  clear  and  satisfactory.  Our  explanations,  however,  part.cu- 
S  those  of  Fig.  296,  are  sufficiently  extended  to  enable  us  to  study  the  development 
of  sp  cia l  oitns  The  posterior  parts,  it  is  seen,  are  developed  first  the  situation  of  the 
wteS  column  heing  marked  soon  after  the  enclosure  of  the  neural  canal  by  the  verte- 
Ta  Ite  and,  at  about  the  same  time,  the  two  aort<B  make  their  appearance,  with  the 
firs  races  ot  the  pleuro-peritoneal  cavity.  The  next  organs  in  the  order  of  development, 
!  ter  t^e  vluV  system,  are  the  Wolffian  bodies,  which  are  so  arge  and  miportant  in 
Jhe  early  Se  of  the  embrW-  The  intestinal  canal  is  then  a  simple  groove,  and  the  em- 
£yon  s  en  Lly  open  in  tVont.  Were  we  now  to  follow  the  process  of  development  far- 
?;ir  we  shou  d  se!  that  the  visceral  plates  advance  and  close  over  the  abdominal  cavi  y 
Is  the  medunary  plates  have  closed  over  the  neural  canal.  Thus  there  would  be  formed  a 
Istd  rhe"  the' ntestine,  lined  by  the  thin,  internal  blastodermic  membrane,  the  walb  of 
the  intestine  beino-  formed  of  the  inner  layer  of  the  intermediate  membrane.    Tins  would 

walls,  with  the  single  abdominal  aorta  situated  behmd  the  intestine. 

Development  of  the  Skeleton,  Mmmlar  System,  and  Skin. 

it  and  encroach  upon  its  substance,  until  i  finally  ^^^^PP^^^^'  ^am- 
very  minutely  described  by  Robin,  under  the  ^^^^ 'I'l^J^^^^^^^^^  ex- 
mals,  the  notocorde  presents  a  slight  ^^'^l^'-g^f,. Ji^^t^  at  tbe  candal  extrem- 
tend;  to  the  auditory  vesicles  and  it  is  somewhat  <i;^-f;^^^^  trtually  developed 
ity.  By  the  sides  of  this  cord,  are  the  masses  of  ceUs  which  J 
into  thi  vertebra.  The  vertebra,  as  they  -  Yrethm  dk  dor  a  "  w^^^^^^^^  occupies 
tilaginous  structure,  gradually  extending  around  the  ^^^^^^^^^    ,l,„rda  dorsalis 

the  axis  of  the  spinal  column.    Between  ^e  membr^^^^^^    As  ossification  of 

presents  regular  enlargements,  ^'^^^^^^^  is  surrounded  by 

Jhe  spinal  column  advances,  that  portion  ^'l^^ff^l^'Z^^^^ the  vertebra, 
the  bodies  of  the  vertebra  disappears,  leavmg  ^^^^^^^^^ 

distinct.  These  enlargements,  which  are  not      -f^^^^^^^^^^^^^^^^  composed  of  fibro- 

tissue, their  gelatinous  contents  disappear  and  the. nteiv^^^^^^^^^  1  ^  ^^^^ 

cartikginous  structure,  remain.    These  disks  are  P  ["^^^  ;,etween  the  dif- 

dorsal,"and  the  lumber  vertebra, ;  but  '^11  ^^^'f/J^^^^^^ 
fcrent  parts  of  the  sacrum  and  coccyx,  as  these  aie  consouu 
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human  subject,  at  from  tho  ninth  to  the  twolftli  year, 
just  described  are  represented  in  Fig.  297. 


Tlic  processes  of  development 


Verteiral  Column,  etc. — In  Figs.  295  and  290  (c,  c),  are  seen  tlie  two  masses  of  cells, 
situated  by  tho  sides  of  the  neural  canal,  which  are  destined  to  be  developed  into  tho 
vertebrte.    These  cells  extend  m'ound  and  encroach  upon  the  chorda  dorsalis  and  form 

the  bodies  of  the  vertebroa.  They  also  ox- 
tend  over  the  neural  canal,  closing  above, 
and  these  processes  are  called  the  medul- 
lary, or  dorsal  plates.  Sometimes  the  dorsal 
plates  fail  to  close  at  a  certain  point  in  the 
spinal  column,  and  this  constitutes  the  mal- 
formation known  as  spina  bifida.  From  the 
sides  of  the  bodies  of  the  vertebras,  the  va- 
rious processes  of  these  bones  are  formed. 
As  the  spinal  column  is  developed,  its  lower 
portion  presents  a  projection  beyond  the 
pelvis,  which  constitutes  a  temporary  caudal 
appendage,  curved  toward  the  abdomen ;  but 
this  no  longer  projects  after  the  hones  of  the 
pelvis  are  fully  developed.  At  the  same  time, 
the  entire  vertebral  column  is  curved  toward 
the  abdomen,  and  it  is  twisted  upon  its  axis 
from  left  to  right,  so  that  the  anterior  face 
of  the  pelvis  presents  a  right  angle  to  the 


Fig.  297. —  The  first  six  cervical  vertebrcc  of  the  emhryon 
of  a  rabbit  one  inch  in  length.  fRobin.) 

n,  6,  cephalic  portion  of  the  notocorde  exposed  by  tho  re- 
moval of  the  cartilage ;  b.  portion  of  the  chorda  dor- 
salis sliifhtly  enlarged,  which,  in  this  embryon,  was 
situated  between  the  atlas  and  tho  occipital  bone ;  c. 
odontoid  process  ;  d,  base  of  the  odontoid  process ; 
inferior,  or  second  part  of  the  body  of  the  axis;  /,  X:, 
enlargements  of  the  chord.i  dorsalis  between  the  ver- 
tebric;  f/,  cartilage  of  the  lateral  portion  of  the  atlas; 
/(,  lateral  portion  of  the  a.\is ;  i,  i,  transverse  apophy- 
ses of  vertebra;. 


Fig.  298. — Human  embrj/o,  about  one  month  old,.show- 
inu  the  large  size  of  the  head  and  upper  parts  of  the 
body,  the  tXDisted  form  of  the  spinal  column,  the 
rudimentary  condition  of  the  upper  and  lovier 
extremities,  and  the  rudimentary  tail  at  Uie  end 
of  the  spinal  column.  (Dalton.) 


upper  part  of  the  body ;  but,  as  the  inferior  extremities  and  the  pelvis  become  developed, 
the  spine  becomes  straight.  The  vertebrae  make  their  appearance  first  in  the  middle  of 
the  dorsal  region,  from  which  point,  they  rapidly  extend  upward  and  downward,  until 
the  spinal  column  is  complete. 

At  the  base  of  the  skull,  on  either  side  of  the  superior  prolongation  of  the  chorda  dor- 
salis, are  two  cartilaginous  processes,  which  are  developed  into  the  so-called  cranial  ver- 
tebrm.  In  this  cartilaginous  mass,  three  ossific  points  appear,  one  behind  the  other. 
The  posterior  point  of  ossification  is  for  the  basilar  portion  of  the  occipital  bone,  which 
is  developed  in  the  same  way  as  one  of  the  vertebrts ;  the  middle  point  is  for  the  poste- 
rior portion  of  the  sphenoid ;  and  the  anterior  point  is  for  the  anterior  portion  of  the 
sphenoid.  The  frontal  bone,  the  parietal  bone,  the  temporal  bone,  and  a  portion  of  tho 
occipital  bone  are  developed  from  the  connective  tissue,  without  the  intervention  of  pre- 
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existing  cartilas'inous  structure.  Tho  dovolopincnt  ol'  the  lace  will  bo  described  separately. 
At  tho  time  whou  the  vertobne  are  being  developed,  witli  their  laniinuj  and  then-  spinous 
and  transverse  processes,  the  ribs  extend  over  tho  thorax,  and  the  clavicle,  scapula,  and 
sternnin  inako  their  appearance. 

At  about  tiie  beginning  of  tho  second  month,  four  papillary  prominences,  >vhich  are 
the  first  traces  of  the  arms  and  logs,  appear  on  the  body  of  the  enibryon.  These  progres- 
sively increase  in  length,  tho  arms  appearing  near  the  middle  of  the  embryou,  and  the 
legs  at  tho  lower  portion.  Each  extremity  is  divided  into  three  portions,  the  arm,  fore- 
arm' and  hand,  for  the  upper  extremities,  and  the  thigh,  leg,  and  foot,  for  the  lower  ex- 
tremities At  the  end  of  each  extremity,  there  are,  tinally,  divisions  into  the  fingers  and 
toes,  with  the  various  cartilages  and  bones  of  all  of  these  parts,  and  their  articulations. 
(See  Plates  I.  and  II.,  Figs.  D  and  TI,  facing  page  920.) 

Very  early  in  intra-uterine  life,  tho  skeleton,  which  is  at  first  entirely  cartilaginous, 
begins  to  ossify,  from  little  bony  points  which  appear  in  the  cartilaginous  structure.  The 
first  points  appear  at  nearly  the  same  time  (about  the  beginning  of  the  second  month)  in 
the  clavicle  and  the  upper  and  the  lower  jaw.  Similar  ossific  points,  which  gradually 
extend,  are  also  seen  in  other  parts,  the  liead,  ribs,  pelvis,  scapula,  metacarpus,  and  meta- 
tarsus, and  the  phalanges  of  the  fingers  and  toes.  At  birth,  the  carpus  is  entirely  cartila- 
ginous, and  it  does  not  begin  to  ossify  until  the  second  year.  The  same  is  true  of  the 
Lsus,  except  the  calcaneum  and  astragalus,  which  ossify  just  before  birth.  The  pisiform 
bone  of  the  carpus  is  tlie  last  to  take  on  osseous  transformation,  this  occurring  at  from 
the  twelfth  to  the  fifteenth  year.  As  ossification  progresses,  the  deposits  m  the  varioi^ 
ossific  points  gradually  extend  until  they  reach  the  joints,  which  remam  incrusted  with 

the  permanent  articular  cartilage.  w      +1,0  ^„tor 

While  the  skeleton  is  being  thus  developed,  the  mnscles  are  formed  from  the  outer 
layer  of  the  intermediate  blastodermic  membrane,  and  the  visceral  plates  close  over  the 
thorax  and  abdomen  in  front,  leaving  an  opening  for  the  umbil.cal  cord  The  various 
tissues  of  the  external  parts,  partieulariy  the  muscles,  begin  to  bo  distinct  ^^  tho  end  of 
the  second  month.  The  deep  layers  of  the  dorsal  muscles  are  the  first  to  be  dist  n- 
gdsl  o  -  thoT  successively,  tL  long  muscles  of  the  neck,  tho  anterior  straight  muse  es 
S  the  head  the  straight  and  transverse  mnscles  of  the  abdomen,  the  muscles  of  tho  ex- 
SemftiL, the  ^  muscles  of  the  back,  the  oblique  muscles  of  the  abdomen,  and 

*\T;:^napre-a:  about  the  bogmning  of  tho  second  month,  when  it  is  very  delicate 
and  trans  arl'    At  the  end  of  the  second  month,  the  ^P^^^^  ^Jt' he  ^mfn  h 
The  sebaceous  follicles  are  developed  at  tho  third  month ;  and,  at  about  the  fifth  month 
le  s:?ace  is  covered  with  their'secrotion  -^-^  Y^V^X^rlntr^nan;  mak 
cheesy  substance  constitutes  the  vernix  caseosa    At  the  t^-^  -o^^M 
their  Appearance,  and  tho  hairs  begin^^g^^^^^^^^ 

developed  only  a  short  time  before  birth. 

Development  of  the  JSTervous  System. 

We  have  seen,  in  studying  the  development  of  tho  ^ff^^^'^^^'^^^^^^^^ 
medullary  plates  close  over  the  groove  for  the  neural  f  "^^^l;  J"  ^^^^J"^^^^^  its 
canal,  the  cerebro-spinal  axis  is  developed,  by  cells  ^"1^ if ^  iiu^^^^^  commu- 
calib^r,  until  we  have  remaining  only  the  small  central  canal  of  "^^^ 
nicatingwith  the  ventricles  of  the  brain.  ^^^^^^  ^^^^^^^^^^^^ 

rior  of  the  neural  canal,  there  is  a  separation  of  the  histological  eien  „„„earin{i 
form  the  membranes.    The  dura  mater  and  the  P' 7-^^--^/;;  cfuttiti^^^^^^^^ 
at  about  the  end  of  the  second  month,  while  the  arachnoid  is  not  distmct 
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month.  The  nerves  are  not  produced  as  prolongations  from  the  cord  into  the  various 
tissues,  nor  do  they  extend  from  the  tissues  to  tlie  cord ;  but  they  are  developed,  in  each 
tissue,  by  a  separation  of  histological  elements  from  the  cells  of  which  the  parts  are 
originally  constituted,  which  at  first  appear  to  be  identical  in  their  morphological  char- 
acters.   The  nerves  of  the  sympathetic  system  are  developed  in  the  same  way. 

The  mode  of  development  of  the  spinal  cord  is  thus  suflaciently  simple ;  but,  with  the 
growth  of  the  embryon,  we  observe  dilatations  at  the  superior  and  at  the  inferior  extrem- 
ities of  the  neural  canal.  The  cord  is  uniform  in  size  in  the  dorsal  region,  marked  only 
by  the  regular  enlargements  at  the  sites  of  origin  of  the  spinal  nerves ;  but  we  soon 
observe  an  ovoid  dilatation  below,  which  forms  the  lumbar  enlargement,  from  which  the 
nerves  are  given  olf  to  the  inferior  extremities,  and  the  brachial  enlargement  above,  where 
the  nerves  of  the  superior  extremities  take  their  origin.  At  the  same  time,  there  is  a 
more  marked  dilatation  of  the  canal  at  its  cephalic  extremity.  Here,  a  single  enlargement 
appears,  which  is  soon  divided  into  three  vesicles,  called  the  anterior,  middle,  and  poste- 
rior cerebral  vesicles.  These  become  more  and  more  distinct  as  development  advances. 
The  formation  of  these,  parts  is  illustrated  in  Fig.  299,  taken  from  Wagner,  and  made 
more  distinct  by  Longet,  as  they  are  drawn  upon  a  black  ground.  This  figure,  in  0, 
shows  the  projections,  on  either  side,  of  the  vesicles  which  are  eventually  developed 
into  the  nervous  portions  of  the  organ  of  vision. 


A  r.  c 


Pio.  299. — Development  of  the  nervous  system  of  the  chick  (Longet.) 
A,  the  two  primitive  halves  of  the  nervous  system,  twenty-four  hours  after  incubation ;  B,  the  same,  thirty-six  hours 
after ;  C,  the  same,  at  a  more  advanced  stag-e.    c,  the  two  primitive  halves  of  the  vertebriE ;      anterior  dilata- 
tion of  the  neural  canal;  6,  posterior  dilatation  (the  lumbar  enlargement) ;  1,  2,  8,  anterior,  middle,  and  inferior 
cerebral  vesicles ;  a,  sUght  flattening  of  the  anterior  cerebral  vesicle ;  o,  formation  of  the  ocular  vesicles. 

The  three  cerebral  vesicles  now  undergo  farther  changes.  The  superior,  which  we 
may  call  the  first  primitive  vesicle,  enumerating  them  from  above  downward,  is  soon 
divided  into  two  secondary  vesicles,  the  anterior  of  which  becomes  the  cerebral  hemi- 
spheres, and  the  posterior,  the  optic  thalami,  which  are  eventually  covered,  by  the  great- 
er relative  development  of  the  hemispheres.  The  middle,  or  second  primitive  vesicle, 
does  not  undergo  division  and  is  developed  into  the  tubercula  quadrigemina,  or  centres 
of  vision.  The  posterior,  or  third  primitive  vesicle,  is  divided  into  two  secondary  vesi- 
cles, the  anterior  of  which  becomes  the  cerebellum,  and  the  posterior,  which  is  covered 
by  the  anterior,  the  mednlla  oblongata  and  the  pons  Varolii.  While  this  division  of  the 
primitive  cerebral  vesicles  is  going  on,  the  entire  chain  of  encephalic  ganglia  becomes 
curved  from  behind  forward,  forming  three  prominent  angles.  The  first  of  these  angles 
or  prominences  (e,  Fig.  300,  A,  B,  C),  counting  from  before  backward,  is  formed  by  a 
projection  of  the  tubercula  quadrigemina,  which,  at  this  time,  constitute  the  most  pro- 
jecting portion  of  the  encephalic  mass ;  the  second  prominence  (c.  Fig.  300),  situated 
behind  the  tubercula  quadrigemina,  is  formed  by  the  projection  of  the  cei-ebellum  ;  the 
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third  (d,  Fig.  300,  A,  B,  0),  is  the  bend  of  the  superior  portion  of  the  s])iiml  cord. 
Tlieso  projections  and  the  early  formation  of  certain  parts  of  tie  encopLalon  in  tlie 
liuman  subject  are  illustrated  in  Fig.  300. 

The  cerebrum,  as  we  have  just  seen,  is  developed  from  the  anterior  division  of  the 
first  primitive  cerebral  vesicle.  The  development  of  this  part  is  more  rapid  in  its  lateral 
portions  than  in  the  median  line,  which  divides  the  cerebrum  imperfectly  into  two  lateral 
halves  forming,  in  this  way,  the  great  longitudinal  fissure.  At  the  same  time,  by  the 
rapid  development  of  the  posterior  portion,  it  extends  over  the  optic  thalami,  the  cor- 
pora quadrigomina,  and  the  cerebellum.  Up  to  the  end  of  the  fourth  month,  the  hemi- 
spheres are  smooth  on  their  surface ;  but  they  then  begin  to  present  large  depressions, 
foUowin"-  folds  of  the  pia  mater,  which  are  tlie  first  convolutions,  these  increasing  rap- 


f 


(Longet.) 


Fig  SOO.—Dmelopment  of  the  spinal  cord  and  brain  of  the  hwnan  subject. 

^'  ISfre  ^^'^neXTontX^r  iL^^TS)^^^^  spina,  cord;  e^,  enlargement  of  the  spiral  cord 
'  witHts  antoior  In^Itlre;  c,  cerebeUum ;  e,  tubercula  quadrigemma ;  /,  optic  thalamus;  ff,  cerebral  hemi- 

constitutes  the  podvuleles  of  the  corebrum;  e,  tubercula  quadrigomina  ;/,  optic  thalami  tovered  by  tue  ncmi 
spheres. 

idly  in  number  and  complexity,  especially  after  the  seventh  month.  The  septum  lucidum 
is  then  formed  by  an  elevation  of  nervous  matter  from  the  base,  which  divides  the  lower 
portion  of  the  space  left  between  the  hemispheres  as  they  ascend,  and  forms  the  two 
lateral  ventricles.  At  the  base  of  these,  are  developed  the  corpora  striata  The  septum 
lucidum  is  formed  of  two  lamina,  with  a  small  space  between  them,  which  is  the  cavity 
of  the  fifth  ventricle.  The  posterior  division  of  this  first  primitive  vesicle  forms  the 
optic  thalami.  These  become  separated  in  front  into  two  lateral  halves,  but  they  remain 
connected  together  at  their  posterior  portion,  which  ^'^'^^^^ '"^^^'f^^Z^Zl^s 
The  central  canal  of  the  cord  is  prolonged  upward  between  the  optic  thalami,  and  forms 
the  third  ventricle,  which  is  covered  by  the  hemispheres. 

The  second,  or  middle  cerebral  vesicle  becomes  filled  with  -^^^11-^ -^.^^'^X' 
tends  upward,  and  forms  the  peduncles  of  the  cerebrum,  the  upper  portion  bemg  dmded 

to  form  the  tubercula  quadrigemina.  .  ,    .    ,     ,      ;i  pprAhpllnm 

The  anterior  portion  of  the  third  primitive  vesicle  is  developed  into  the  cerebeUmn, 
the  coLdut  ons^f  ,hich  appear  at  aLut  the  fifth  month.    Its  posterior  portion  forms 
l:  rdl  oblongata,  in  the'substance  of  which  ^^l^o  foui.h  -tric^,  co^^^^^^^^^^ 
with  the  third  ventricle  by  a  little  canal,  the  aqueduc  of  ^yj-'^^.^^^  a  depos  tL  of 
development  of  the  middle  vesicle.    At  about  the  fom-th  month,  theie  is  a  deposition 
nervous  matter  in  front  and  above,  forming  the  pons  Varolii.  ^ 
In  Fiir  299  (G  o)  it  is  seen  that  the  vesicles  for  the  organs  of  vision  appear  very  early 
in  j^ig.  Z9»  (.o,  w;,  It  lo  oc^.  ,    1      •  i„    TiiooA  o-rndinllv  increase  m  size  and 

as  lateral  offshoots  of  the  anterior  cerebral  vesicle.    These  8^''^^^''"^  , 
advance  anteriorly,  as  development  of  the  other  parts  progresses. 
we  come  to  study  the  development  of  the  face,  that  the  eyes  are         f^^^*  .^7^;*^^ 
sides  of  the  head,  gradually  approaching  the  anterior  portion  J"^^^ 
of  these  lateral  prolongations,  a  rounded  mass  appears,  which  becomes  the  globe 
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eye  The  superficial  portions  of  tho  globe  are  developed  into  the  sclerotic  and  tho  cornea, 
which  seem  to  be  formed  of  a  process  from  the  dura  mater.  The  pedicle  attached  to  the 
<rlobe  becomes  the  optic  nerve.  The  iris  is  developed  at  about  tlie  seventh  week,  and  is 
at  first  a  simple  membrane,  without  any  central  opening.  As  the  pupil  appears,  it  is 
closed  by  a  vascular  membrane-which  probably  belongs  to  the  capsule  of  the  crystal- 
line lens-called  the  pupiUai-y  membrane.  This  membrane  gradually  disappears  by  an 
•itrophy  extending  from  the  centre  to  the  periphery.  It  attains  its  maximum  ot  develop- 
ment at  the  sixth  month  and  disappears  at  the  seventh  month.  Tho  vitreous  humor  is 
formed  of  the  fluid  contents  of  the  optic  vesicle.  The  crystalline  lens  is  regarded  as  a 
product  of  the  tegumentary  layer.  At  the  tenth  week,  we  observe  the  beginning  of  the 
formation  of  the  eyehds.  These  meet  at  about  the  fourth  month  and  adhere  together  by 
their  edges.  In  many  mammals,  the  eyeUds  remain  closed  for  a  few  days  after  birth ;  but 
they  become  separated  in  the  human  subject  in  the  later  periods  of  foetal  hfe. 

It  is  probable  that  the  vesicle  which  becomes  developed  into  the  internal  ear  is  formed 
independently;  at  least,  cases  have  been  observed  in  which  there  was  congenital  absence 
of  the  auditory  nerves,  the  parts  of  the  internal  ear  being  perfect.  Soon  after  the  forma- 
tion of  the  auditory  vesicle,  however,  it  communicates  with  the  third  primitive  cerebral 
vesicle,  the  filament  of  communication  being  developed  into  the  auditory  nerve. 

The  auditory  vesicle,  which  appears  subsequently  to  the  organ  of  vision,  is  eventually 
developed  into  the  vestibule.  The  next  formations  are  the  arches,  or  diverticula,  which 
constitute  the  semicircular  canals.  The  membranous  labyruith  appears  long  before  the 
osseous  labyrinth ;  and  it  has  been  found  perfectly  developed  at  three  months.  The  bones 
of  the  middle  ear,  which  have  no  connection,  in  their  development,  with  the  nervous 
system,  but  which  it  is  convenient  to  mention  here,  are  remarkable  for  their  early  appear- 
ance. They  appear  at  the  begmning  of  the  third  month  and  are  as  large  in  the  foetus  at 
term  as  in  the  adult.  A  remarkable  anatomical  point  with  relation  to  these  structures  is 
the  existence  of  a  cartilage,  attached  to  the  malleus  on  each  side  and  extending  from  this 
bone  along  the  inner  surface  of  the  lower  jaw,  the  two  cartilages  meeting  and  uniting  in 
the  median  line  to  form  a  single  cord.  "  This  cartilage  now  ossifies,  although,  in  the 
commencement,  it  forms  most  of  the  mass  of  the  bone ;  it  disappears  at  the  eighth  month." 
(Meckel.)    This  curious  structure  is  known  as  the  cartilage  of  Meckel. 

There  are  no  special  points  for  description  in  the  development  of  the  olfactory  lobes, 
which  is  very  simple.  These  are  offshoots  from  the  first  cerebral  vesicle,  appearing  at  the 
inferior  and  anterior  part  of  the  cerebral  hemispheres,  a  little  later  than  the  parts  con- 
nected with  vision  and  audition.  The  vesicles  themselves  become  filled  with  ganglionic 
matter,  and  constitute  the  olfactory  bulbs,  their  pedicles  being  the  so-called  olfactory 
nerves,  or  commissures.  The  development  of  some  of  the  -parts  of  the  central  nervous 
system  is  illustrated  in  Plates  I.  and  II.,  facing  page  920. 

As  far  as  the  functions  of  the  nervous  system  of  the  foetus  are  concerned,  it  is  probable 
that  they  are  restricted  mainly  to  reflex  phenomena  depending  upon  the  action  of  the 
spinal  cord,  and  that  perception  and  volition  hardly  exist.  It  is  probable  that  many  reflex 
movements  take  place  in  utero.  When  a  foetus  is  removed  from  the  uterus  of  an  animal, 
even  during  the  early  periods  of  pregnancy,  movements  of  respiration  occur,  a  fact  which 
we  have  often  demonstrated  to  medical  classes;  and  it  is  well  known  that  efforts  of  respi- 
ration sometimes  occur  within  the  uterus.  This  we  believe  to  be  a  reflex  action  excited 
by  the  want  of  oxygen  in  the  tissues,  when  the  placental  circulation  is  interrupted.  "We 
have  already  discussed  these  phenomena  in  connection  with  the  subject  of  respiration. 

Development  of  the  Alimentary  System. 

The  intestinal  canal  is  the  first  formation  of  the  alimentary  system.  As  wo  have 
already  seen,  this  is  fit  first  open  in  the  greatest  part  of  its  extent,  presenting,  at  either 
■extremity  of  the  longitudinal  gutter,  in  front  of  the  spinal  column,  a  rounded,  blind  ex- 
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troinity,  which  is  closed  over  in  IVont  lor  a  short  distance.  The  closure  of  tlie  abdominal 
plates  then  extends  laterally  and  from  the  two  extremities  of  the  intestine,  until  wo  have 
only  the  opening  remaining  for  the  passage  of  the  umbilical  cord  and  the  pedicle  of  the 
umbilical  vesicle.  There  is  at  first  an  open  communication  between  the  lower  part  of  the 
intestinal  tube  and  the  allantois,  which  forms  the  canal  known  as  the  urachus;  hut  that 
portion  of  this  communication  which  remains  enclosed  in  the  abdominal  cavity  becomes 
separated  from  the  urachus,  is  dilated,  and  eventually  forms  the  urinary  bladder.  When 
the  bladder  is  lirst  shut  off,  it  communicates  with  the  lower  portion  of  the  intestine,  which 
is  called  the  cloaca;  but  it  finally  loses  this  connection  and  presents  a  special  openingr 
the  urethra. 

As  development  advances,  the  intestine  grows  rapidly  in  length  and  becomes  convo- 
luted.   It  is  held  loosely  to  the  spinal  column  by  the  mesentery,  a  fold  of  the  peritoneum, 

this  membrane  being  reflected  along  the  walls  of  the  ab- 
dominal cavity.  In  the  early  stages  of  development,  a  por- 
tion of  the  intestine  protrudes  at  the  umbilicus,  where  the 
first  intestinal  convolution  appears;  and  sometimes  there 
is  a  congenital  hernia  of  this  kind  at  birth,  which  usually 
disappears  under  the  influence  of  gentle  and  continued 
pressure.  An  illustration  of  this  is  given  in  Fig.  301.  This 
protrusion,  in  the  noi-mal  process  of  development,  is  grad- 
ually returned  into  the  abdomen,  as  the  cavity  of  the  pedi- 
cle of  the  umbilical  vesicle  is  obliterated,  at  about  the  tenth 
week. 

^^^^^^^^^^^^         At  the  upper  part  of  the  abdommal  cavity,  the  aUment- 
^^^^^^^T^^^T    arv  canal  presents  two  lateral  projections,  or  pouches. 
^''I^^nll^t^^^^^'.l^^-  The  one  on  the  left  side,  as  it  increases  in  size,  becomes  the 
^hlp^ln'oTproYSr'"  greater  pouch  of  the  stomach,  and  the  one  on  the  right 
From  the  convexity  of  the  loop,  a  thin   gj^g^  the  lesser  pOUch. 

SmbiiTcal  "ves?ci°  Vhich'  inhere  At  ^  short  distance  below  the  attachment  of  the  pedicle 
flattened  into  a  leaf-like  form.  ^j^^  umbilical  vesicle  to  the  intestine,  there  appears  a 

rounded  diverticulum,  which  is  eventually  developed  into  the  cascum,  or  the  commence- 
ment of  the  larger  intestine.  The  caecum  gradually  recedes  from  the  neighborhood  of  the 
umbUicus,  which  is  its  original  situation,  and  finally  becomes  fixed,  by  a  shortening  of  the 
mesentery,  in  the  right  iliac  region.  As  the  cacum,  or  caput  ooh,  is  developed,  it  presents 
a  conical  appendage,  which  is  at  first  fully  as  large  as  the  small  mtestme  and  is  relatively 
longer  than  in  the  adult.  During  the  fourth  week,  this  appendage  becomes  relatively  smaller 
mid  more  or  less  twisted,  forming  the  appendix  vermiformis.  At  the  second  month  the 
caecum,  or  caput  coli,  as  we  have  seen,  is  at  the  umbilicus,  and  the  large  intestine  extends 
in  a  St  aight  L  toward  the  anus ;  at  the  third  month,  it  is  situated  at  about  tbe  middl 
of  the  abdomen ;  and  it  gradually  descends,  until  it  reaches  the  right  ^1-^  -gion  at  ab  u 
the  seventh  month.  Thus,  at  the  second  month,  there  is  only  ^ ^.''''^"^^^^ ^'^^ ml 
transverse  colon  is  formed  at  the  third  month;  and  the  '^^^f 'If  f  ^^^J 
month  The  ileo-caecal  valve  appears  at  the  third  month;  the  rectum,  at  the  fourth 
mon  h  -  and  the  sigmoid  flexure  of  the  colon,  at  the  fifth  month.  Durmg  this  time,  the 
krge  inteTtine  incrlses  more  rapidly  in  diameter  than  the  small  intestine,  while  the  latter 

'^tThTeXSS  S  tvdopment,  the  surface  of  the  intestines  is  smooth  ;  but  viDi 
applar  upon  L  mTcous  membrane  kuring  the  latter  half  of  -^J-f  Xtrml'h 
These  are  found  at  first  both  in  the  large  and  the  small  intestme.    At  the  ^  "t^"^^^' 
they  become  shorter  and  less  numerous  in  the  large  intestine,  and  [--J  ^^^^^^^^ 
the  eighth  month,  when  the  projections  which  bound  tl- --c";;  °f Ttt  form  of 
intestinal  canal  make  their  appearance.    The  valvula.  ^'^^-^^'^^^'^^^JI^  '^^^^^^ 
slightly-elevated,  transverse  folds,  in  the  upper  portion  of  the  small  intestme.  The 
of  the  small  intestine  are  permanent. 


Figs.  B,  P.—v,  anterior  cerebral  hemisphereB ;  z,  opttc  thalami,  m,  tnbercula  quadri- 
gemina;  h,  cerebellum;  n,  pons  Varolii;  r,  spinal  cord;  w,  spine;  «,  tail;  a,  eyes; 
»rt,  nose ;  o,  ear;  A:,,  k^,  k^,  visceral  arches ;  bv,  anterior  extremity ;  bfi,  posterior  ex- 
tremity. (Haeckel.) 
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Fi8».  C,  D,  0,  H.—v^  anterior  cerebral  hemispheres ;  «,  opllc  thalami ;  m,  tubercula  quadri- 
gemlna ;  A,  cerebellum  ;  n,  pons  Varolii ;  r,  spinal  cord ;  ta,  spine ;  «,  tall ;  a,  eyes 
na,  nose  ;  o,  ear;  £3,  visceral  arches ;  bv,  anterior  extremity ;  hh,  posterior  ex- 

tremity. (Haeckel.) 
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The  mesentery  is  first  formed  of  two  perpendicular  folds,  attached  to  the  sides  of  the 
spinal  colmnn.  As  the  intestine  undergoes  development,  a  portion  of  the  peritoneal 
membrane  extends  in  a  quadruple  fold  from  the  stomach  to  the  colon,  to  form  the  great 
omentum,  which  covers  the  small  intestine  in  front. 

As  the  head  undergoes  development,  a  large  cavity  appears,  which  is  eventually 
hounded  by  the  arches  that  are  destined  to  form  the  different  parts  of  the  face.  This  is 
the  pharynx.  It  is  entirely  independent,  in  its  formation,  of  the  intestinal  canal,  the 
latter  terminating  in  a  blind  extremity  at  the  stomach;  and,  between  the  pharynx  and 
•the  stomach,  there  is  at  first  no  channel  of  communication.  The  anterior  portion  of  the 
pharynx  presents,  during  the  sixth  week,  a  large  opening,  which  is  afterward  partiaUy 
closed  in  the  formation  of  the  face.  The  rest  of  this  cavity  remains  closed  until  a  com- 
munication is  effected  with  the  oesophagus.  The  oesophagus  appears  in  the  form  of  a 
tube,  which  finally  opens  into  the  pharynx  above  and  into  the  stomach  below.  At  this 
time,  there  is  really  no  thoracic  cavity,  the  upper  part  of  the  stomach  is  very  near  the 
pharynx,  the  cesophagus  is  short,  the  rudimentary  lungs  appear  by  its  sides,  and  the  heart 
lies  just  in  front.  As  the  thorax  is  developed,  however,  the  oesophagus  becomes  longer, 
the  lungs  increase  in  size,  and  finally  the  diaphragm  shuts  off  its  cavity  from  the  cavity 
of  the  abdomen.  The  growth  of  the  diaphragm  is  from  its  periphery  to  the  central  por- 
tion, which  latter  gives  passage  to  the  vessels  and  the  oasophagus.  Sometimes,  when  this 
closure  is  incomplete,  we  have  the  malformation  known  as  congenital  diaphragmatic 
hernia. 

The  development  of  the  anus  is  sufficiently  simple.  At  first,  as  we  have  seen,  the 
intestine  terminates  below  in  a  blind  extremity ;  but,  at  about  the  seventh  week,  a  lon- 
gitudinal slit  appears  below  the  external  organs  of  generation,  by  which  the  rectum 
opens.  This  is  the  anus.  It  is  not  very  unusual  to  observe  an  arrest  in  the  development 
of  this  opening,  the  intestine  terminating  in  a  blind  extremity,  a  short  distance  beneath 
the  integument.  This  constitutes  the  malformation  known  as  imperforate  anus,  a  de- 
formity which  can  usually  be  relieved,  without  much  difficulty,  by  a  surgical  operation,  if 
the  distance  between  the  rectum  and  the  skin  be  not  too  great.  The  opening  of  the  anus 
appears  about  a  week  after  the  opening  of  the  mouth,  at  or  about  the  seventh  week. 

The  rudiments  of  the  liver  appear  very  early,  and,  indeed,  at  the  end  of  the  first 
month,  this  organ  has  attained  an  enormous  size.  Two  projections,  or  buds,  appear  on 
either  side  of  the  intestine,  which  form  the  two  principal  lobes  of  the  liver.  This  organ 
is  at  first  symmetrical,  the  two  lobes  being  of  neariy  the  same  size,  with  a  median  fis- 
sure. One  of  these  prolongations  from  the  intestine  becomes  perforated  and  foi-ms  the 
excretory  duct,  of  which  the  gall-bladder,  with  its  duct,  is  an  appendage.  During  the 
early  part  of  foetal  life,  the  liver  occupies  the  greatest  part  of  the  abdominal  cavity. 
According  to  Burdach,  its  weight,  in  proportion  to  the  weight  of  the  body  at  different 
ages,  is  as  follows :  At  the  end  of  the  first  month,  1  to  3 ;  at  term,  1  to  18 ;  in  the 
adult,  1  to  36.  Its  structure  is  very  soft  during  the  first  months,  and  it  is  only  at  about 
the  fourth  or  fifth  month  that  it  assumes  one  of  its  most  important  functions,  viz.,  the 
production  of  sugar.  As  development  advances,  and  as  the  relative  size  of  the  liver 
gradually  diminishes,  its  tissue  becomes  more  solid. 

The  pancreas  appears  at  the  left  side  of  the  duodenum,  by  the  formation  of  two  ducts 
leading  from  the  intestine,  which  branch  and  develop  glandular  structure  at  their  ex- 
tremities. The  spleen  is  developed,  about  the  same  time,  at  the  greater  curvature  of  the 
stomach.  This  organ  is  abundantly  supplied  with  blood-vessels,  but  it  has  no  excretory 
duct.    The  spleen  becomes  distinct  during  the  second  month. 

There  is  no  reason  to  beheve  that  any  of  the  digestive  fluids  are  secreted  during 
intra-uterine  life.  The  stomach,  at  least,  never  contains,  at  this  time,  an  acid  secretion. 
At  birth,  the  intestine  contains  a  peculiar  substance,  called  meconium,  which  will  be 
described  farther  on.  Cholesterine,  an  important  constituent  of  the  bile,  is  found  in  the 
meconium  in  large  quantity,  but  its  function  is  connected  exclusively  with  excretion. 
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Development  of  the  Respirator}/  System. 

On  the  anterior  surface  of  tlio  membranous  tube  which  becomes  the  cesopliagus,  an 
elevation  appears,  whicli  soon  i)rosents  an  opening  into  tlio  ojsophagus,  the  projection 
forming,  at  this  time,  a  single,  hollow  cul-de-sac.    This  opening  becomes  the  rima  glotti- 
(lis  and' the  single  tube  with  which  it  is  connected  is  developed  into  the  trachea.  At  the 
'  lower  extremity  of  this  tube,  a  bifurca- 

tion appears,  terminating  first  in  one, 
and  afterward,  in  several  cuU-de-sac. 
The  bifurcated  tube  constitutes,  after 
the  lungs  are  developed,  the  primitive 
bronchi,  at  the  extremities  of  which  are 
the  branches  of  the  bronchial  tree.  As 
the  bronchi  branch  and  subdivide,  they 
extend  downward  into  what  becomes 

  eventually  the  cavity  of  the  thorax. 

Fio.  mi.— Formation  of  the  bronoMal  ramificaUons  and      ,      ^..i^.^.-^  vp«iflps    ncpordinff  to 
ofthevulmonary  cells.- A,  B,  development  of  the  lungH,   Ine  pulmonary  vesicies,  accorumg  lo 

after  liathke ;  C,  D,  iiiatoior/ical  development  of  the  gm-dach,  are  developed  before  the  tr&- 
lungs,  after  J.  MlUler.  (Longet.)  mi     ,  i.  ■  „t  „„„ 

"  chea.    The  lungs  contam  no  an-  at  any 

period  of  intra-nterine  life,  and  receive  but  a  smaU  quantity  of  blood ;  but,  at  birth, 

they  become  distended  with  air,  are  increased  thereby  in  volume,  and  receive  all  the 

blood  from  the  right  ventricle.    This  process  of  development  is  illustrated  in  Fig.  302. 

The  lungs  appear,  in  the  human  embryon,  during  the  sixth  week.   The  two  portions  into 

which  the  original  bud  is  bifurcated  constitute  the  true  pulmonary  structure,  and  the 

formation  of  the  trachea  and  bronchial  tubes  occurs  afterward  and  is  secondary.  We 

have  indicated  the  pulmonary  structure  as  branching  processes  from  the  bronchial  tubes, 

merely  for  convenience  of  description. 


Development  of  the  Face. 

The  development  of  the  face  in  the  embryon  of  mammals  is  somewhat  complex,  but 
it  is  pecuUarly  interesting,  as  its  study  enables  us  to  comprehend  the  manner  m  which 
various  very  common  malformations  of  the  face  and  palate  are  produced.    The  anterior 
portion  of  the  embryon,  as  we  have  seen  in  studying  the  development  of  the  trunk,  re- 
mains open  in  front  long  after  the  medullary  plates  have  met  at  the  back  and  enclosed 
the  neural  canal.    The  common  ca^'ity  of  the  thorax  and  abdomen  is  closed  by  the 
growth  of  the  visceral  plates,  which  meet  in  front.    These  are  projecting  plates  of  the 
intermediate  blastodermic  layer,  which  gradually  extend  forward  from  the  vertebral  col- 
umn.   At  the  same  time  that  the  visceral  plates  are  thus  closing  over  the  thorax  and 
abdomen,  four  distinct,  tongue-like  projections  appear,  one  above  the  other,  by  the  sides 
of  the  neck.    These  a^^e  called  the  visceral  arches,  and  the  shts  between  them  are  called 
the  visceral  clefts.^  The  first  three  arches,  enumeratmg  them  from  above 
respond,  in  their  origin,  to  the  three  primitive  cerebral  vesicles.    The  fom-th  arch,  wh  ch 
is  not  enumerated  by  some  authors,  who  recognize  but  three  aa^hes,  ««"-^^P°^^;  *° 
superior  cervical  vertebra.    Of  these  four  arches,  the  first  is  the  -P-^""^/^^^ 
development,  in  connection  with  that  of  the  frontal  process  forms  the  fa  e  ^^^^^^f 
leus  and  incus  of  the  middle  ear.    The  second  arch  fornis  the  l^-^777^f  ^ 
bone,  the  stapes,  and  the  styloid  ligament.  The  third  arch  J.^.f  ^^^^^^^^^^^ 

corn;a  of  the  hyoid.    The  fourth  arch  forms  the  larynx.    The  first  cleft  sit^^^^^^^^^^ 
tween  the  first  and  the  second  arch,  becomes  oblitera  ed  m  fr^^^^^^^  ^^^^^^ 
plastic  matter,  but  an  opening  remains  by  the  side,  which  forms,  externally,  the  external 

.  These  arches  correspond  t.,  the  br«nchi»,  vascular  arches,  which  wlU  be  M^y  described  in  connection  >nth  .be 
development  of  the  circulatory  Bystom. 


Fig.  \.— Human  embryon,  at  the  ninth  week,  removed  from  the  membivnes ;  three  times  the 
natural  size.  (Erdl.) 

Fio.  X—Buman  embryon,  at  the  twelfth  week,  enclosed  in  the  amnion;  natural  siie.  (Erdl.) 
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auditory  meatus,  and  internally,  the  tympanic  cavity  and  the  Eustachian  tube.  The 
other  clefts  become  obliterated  as  the  arches  advance  in  their  development. 

From  the  above  sketch,  it  is  seen  that  the  face  and  the  nock  are  formed  by  the 
advance  and  closure  in  front  of  projections  from  behind,  in  the  same  way  as  the  cavities 
of  the  thorax  and  abdomen  are  closed ;  but  tlio  closure  of  the  first  visceral  arch  is 
complicated  by  the  projection,  from  above  downward,  of  the  frontal,  or  intermaxillary 
process,  and  by  the  formation  of  several  secondary  projections,  which  leave  certain  per- 
manent openings,  forming  the  mouth,  nose,  etc.  These  processes  of  development,  we 
shall  now  attempt  to  follow. 

In  the  very  first  stages  of  development  of  the  head,  there  is  no  appearance  of  the 
face.  The  cephalic  extremity  consists  simply  of  the  cerebral  vesicles,  the  surface  of  this 
enlarged  portion  of  the  embryon  being  covered,  in  front  as  well  as  behind,  by  the  exter- 
nal blastodermic  membrane.  During  the  sixth  week,  after  the  cavity  of  the  pharynx 
has  appeared,'  the  membrane  gives  way  m  front,  forming  a  large  opening,  which  may  be 
called  the  first  opening  of  the  mouth.  At  this  time,  however,  the  face  is  entirely  open 
in  front  as  far  back  as  the  ears.  The  first,  or  the  superior  visceral  arch,  now  appears 
as  a  projection  of  the  middle  blastodermic  layer,  extending  forward.  This  is  soon  marked 
by  two  secondary  projections,  the  upper  projection  forming  the  superior  maxillary  por- 
tion of  the  face,  and  the  lower,  the  inferior  maxilla.  The  two  projections  which  form 
the  lower  jaw  soon  meet  in  the  median  line,  and  their  superior  margin  is  the  lower  lip. 
At  the  same  time  there  is  a  projection  from  above,  extending  between  the  two  superior 
projections,  which  is  called  the  frontal,  or  intermaxillary  process.  This  extends  from 
the  forehead  (that  portion  which  covers  the  front  of  the  cerebrum)  downward.  The 
superior  maxillary  projections  then  advance  forward,  gradually  passing  to  meet  the 
frontal  process,  but  leaving  two  small  openings  on  either  side  of  the  median  line,  which 
are  the  openings  of  the  nostrils.  The  upper  portion  of  the  frontal  process  thus  forms 
the  nose ;  but  below,  is  the  lower  end  of  this  process,  which  is  at  first  split  in  the  median 
line,  projects  below  the  nose,  and  forms  the  incisor  process,  at  the  lower  border  of  which 
are  finally  developed  the  incisor  teeth.  As  the  superior  maxillary  processes  advance 
forward,  the  eyes  are  moved,  as  it  were,  from  the  sides  of  the  head  and  present  anteriorly, 
until  finally  their  axes  become  parallel.  These  processes  advance  from  the  two  sides, 
come  to  the  sides  of  the  incisor  process  beneath  the  nose,  unite  with  the  incisor  process 
on  either  side,  and  their  lower  margin,  with  the  lower  margin  of  the  incisor  process, 
forms  the  upper  lip  ;  but,  before  this,  the  two  lateral  halves  of  the  incisor  process  have 
imited  in  the  median  line.  At  the  bottom  of  the  cavity  of  the  mouth,  a  small  papilla 
makes  its  appearance,  which  gradually  elongates  and  forms  the  tongue. 

While  this  process  of  development  of  the  antei-ior  portion  of  the  first  visceral  arch 
is  going  on,  at  its  posterior  portion,  we  have  developing,  the  malleus  and  incus,  the 
former  being  at  first  connected  with  the  cartilage  of  Meckel,  which  extends  along  the 
inner  surface  of  the  inferior  maxilla,  the  cartilages  from  either  side  meeting  at  the  chin. 
The  cleft  between  the  first  and  the  second  visceral  arch  has  closed,  except  at  its  posterior 
portion,  where  an  opening  is  left  for  the  external  auditory  meatus,  the  cavity  of  the 
tympanum,  and  the  Eustachian  tube. 

At  the  same  time,  the  second  visceral  arch  advances  and  forms  the  stapes,  the  styloid 
ligament,  and  the  lesser  cornua  of  the  hyoid  bone.  The  third  arch  advances  in  the  same 
way ;  and  the  arches  from  the  two  sides  meet,  become  united  in  the  median  line,  and 
form  the  body  and  the  greater  cornua  of  the  hyoid.  The  clefts  between  the  second  and 
the  third  and  between  the  third  and  fourth  arches  become  obliterated  by  the  deposition 
of  plastic  matter. 

The  fourtli  arch  forms  the  sides  of  the  neck  and  the  larynx,  the  ai-ytenoid  cartilages 
being  developed  first.  In  front  of  the  larynx  and  just  behind  the  tongue,  is  a  little  ele- 
vation, which  is  developed  into  the  epiglottis.  The  openings  of  the  nostrils  appear  during 
the  second  half  of  the  second  month.  A  little  elevation,  the  nose,  appears  between  these 
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openings,  and  the  nasal  cavity  begins  to  be  separated  from  the  mouth.  The  lips  are 
distinct  during  tiie  tliird  month,  and  the  tongue  lirst  appears  in  the  course  of  the 
seventh  week. 

Tlie  above  sketch  of  tlie  mode  of  develop- 

''''   inent  of  the  face  enables  us  to  understand  the 

origin  of  certain  of  the  more  common  malfor- 
mations of  this  part.  When,  by  an  arrest  of 
development,  the  superior  maxilla  on  one  side 
fails  to  unite  with  the  side  of  the  incisor 
process,  we  have  the  very  common  deformity 
known  as  single  hare-lip.  If  this  union  fail  on 
both  sides,  we  have  double  hare-lip,  when  the 
incisor  process  is  usually  more  or  less  project- 
ing. As  a  very  rare  deformity,  it  is  sometimes 
observed  that  tbe  two  sides  of  the  incisor  pro- 
cess have  failed  to  unite  with  each  other,  leav- 
ing a  fissure  in  the  median  line. 

It  is  somewhat  difficult  to  compreliend  the 
exact  mode  of  development  of  the  face  by  ver- 
bal description  alone;  but  it  will  be  readily 
understood,  after  the  account  we  have  just 
given,  by  studying  Figs.  303,  304,  and  305, 
copied  from  the  great  atlas  of  Coste,  and  plates 
I.  and  II.,  Figs.  A,  B,  0,  and  D,  facing  page 
920. 

The  palatine  arch  is  developed  by  two  pro- 
cesses, which  arise  on  either  side  from  the  in- 
cisor process,  pass  backward  and  upward,  and 
finally  meet  and  unite  in  tbe  median  line.  The 
union  of  these  forms  the  plane  of  separation 
between  the  mouth  and  the  nares  ;  and  want 
of  fusion  of  these  processes,  from  arrest  of  de- 
velopment, produces  the  malformation  known  as  cleft  palate,  in  which  the  fissure  is 
always  in  the  median  line.  At  the  same  time,  a  vertical  process  forms  m  the  median 
line,  between  the  palatine  arch  and  the  roof  of  the  nasal  cavity,  which  separates  the 

two  nares.  i.^ 
Development  of  the  Tee^/i.-Eecent  embryological  reseai-ches  have  shown  that  the  old 
idea  of  the  development  of  the  dental  papillae  in  the  bottom  of  a  gutter  formed  at  the 
border  of  either  jaw  is  erroneous.  According  to  the  most  recent  observers  the  first 
appearance  of  the  organs  for  the  development  of  the  teeth  is  marked  by  the  formation 
of  a  cellular  projection  extending  the  entire  length  of  the  rounded  border  of  each  jaw, 
which  forms  a  rounded  band  above  and  dips  down  somewhat  into  the  subjacent  struct- 
ure. This  band  is  readily  separated  by  maceration,  and  the  removal  of  the  portion  that 
dips  into  the  maxilla  leaves  a  groove,  which  is  thought  to  be  the  explanation  o  the 
description  of  a  groove  by  the  earher  writers.  This  band  f  f '^^^  "l^^'^^^'-^.^^^ttich 
the  jaws  without  interruption.  Its  superior  surface  is  rounded,  and  that  portion  which 
dips  into  the  subjacent  mucous  structure  is  wedge-shaped,  so  that  its  section  has  the 

As°  soon  as  this  primitive  band  is  formed,  which  occurs  at  the  sixth  or  seventh  week 
a  flat  band  projects  from  its  internal  surface,  near  the  mucous  structure,     "^l^/  ^""^^ 
the  epithelial  band.    This  also  extends  over  the  entire  length  of  the  jaws.  J*  '^^ 
flattened  -  with  its  free  edge  curved  inward  and  toward  the  jaw,  and  is  compo  ed,  at 
first,  of  a  central  layer  of  polygonal  cells,  covered  by  a  layer  of  columnar  epithelmm. 


Fig.  ^m.— Mouth  of  a  /iiimcm  embrijon  of  from 
twenty-fine  to  tweiity-eight  days;  magnified 
diameters.  (Coste.) 

1,  median  or  frontal  process,  the  inferior  portion  of 
which  is  considerably  enlarged ;  2,  nffht  nostril ; 
3,  left  nostril ;  4,  4,  infcri(jr  maxillary  processes, 
already  united  in  the  median  line ;  5,  5,  superior 
maxillary  processes,  which  have  become  quite 
prominent  and  have  descended  to  the  level  of  the 
slope  of  the  frontal  process ;  G,  mouth ;  7,  first  vis- 
ceral arch ;  8,  second  visceral  arch ;  9,  third  visceral 
arch ;  10,  eye  ;  11,  ear. 
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At  certain  points— tboso  points  corresponding  to  tlie  situation  of  the  true  dental 
5„lt,s— tliere  appear  rounded  enlargements  at  the  free  margin  of  the  epithelial  band 
just  described.  Each  one  of  these  is  developed  into  one  of  the  structures  of  the  perfect 
tooth.  The  mechanism  of  the  formation  of  this,  which  is  called  the  enamel-organ,  and 
of  the  dental  bulb  is  as  follows : 


Fig.  304.— i/o«<A  of  a  human  embryon  of  tidrty-jim 
days.  (Coste.) 

1,  frontal  process  widely  sloped  at  its  inferior  portion ; 
2,  2,  incisor  processes  produced  ty  this  sloping;  3,  3, 
nostrils;  4,  lower  lip  and  ma.\illa,  formed  by  the 
union  of  the  inferior  maxillary  processes ;  5,  5,  supe- 
rior maxillary  processes  contiguous  to  the  incisor 
process;  G,  mouth,  still  confounded  with  the  nasal 
fossa; :  7,  first  appearance  of  tiie  closure  of  the  nnsal 
fossiE ;  8,  8,  first  appearance  of  the  two  halves  of 
the  palatine  arch;  U,  tongue;  10,  10,  eyes;  11,12, 
13,  risceral  arclies. 


Pig.  305. — Mouth  nf  an  embryon  of  forty  days.  (Coste.) 

1,  first  appearance  of  the  nose;  2,  2,  first  appearance  of 
the  aliE  of  the  nose ;  3,  appearance  of  the  closure  be- 
neath the  nose :  4,  middle,  or  median  portion  of  the  up- 
per li]),  formed  by  the  approach  and  union  of  the  two 
incisor  processes,  a  little  notch  in  the  median  fine  still 
indicating  the  primitive  separation  of  the  two  processes ; 
5,  5,  superior  maxillary  processes,  forming  the  lateral 
portions  of  the  upper  lip ;  6,  6,  groove  for  the  develop- 
ment of  the  lachrymal  sac  and. the  nasal  canal ;  7,  lower 
lip ;  8,  mouth ;  9,  9,  the  two  lateral  halves  of  the  pala- 
tine  arch,  already  nearly  appro.ximated  to  each  other 
in  front,  but  still  widely  separated  behind. 


A  rounded  enlargement  appears  at  the  margin  of  the  epithelial  band.  This  soon  be- 
comes directed  downward  (adapting  our  description  to  the  lower  jaw)  and  dips  into  the 
mucous  structure,  being  at  first  connected  with  the  epithelial  band  by  a  narrow  pedicle, 
which  soon  disappears,  leaving  the  enlargement  enclosed  completely  in  a  follicle.  This 
is  the  dental  follicle,  and  it  has  no  connection  with  the  wedge-shaped  band  which  we  de- 
scribed first.  While  this  process  is  going  on,  a  conical  bulb  appears  at  the  bottom  of  the 
follicle.  The  enamel-organ,  formed  from  the  epithelial  band,  becomes  excavated  or  cup- 
shaped  at  its  under  surface  and  fits  over  the  dental  bulb,  becoming  united  to  it. 

The  tooth,  at  this  time,  consists  of  the  dental  bulb,  with  the  enamel-organ  closely 
fitted  to  its  projecting  surface.  The  enamel-organ  is  developed  into  the  enamel ;  the 
dental  bulb,  which  is  provided  with  vessels  and  nerves,  becomes  the  tooth-pulp ;  and, 
upon  the  surface  of  the  dental  bulb,  the  dentine,  or  ivory,  is  developed  in  successive 
layers.  The  cement  is  developed  by  successive  layers  upon  that  portion  of  the  dentine 
which  forms  the  root  of  the  tooth.  As  these  processes  go  on,  the  tooth  projects  more 
and  more,  the  upper  part  of  the  wall  of  the  follicle  gives  way,  and  the  tooth  finally 
appears  at  the  surface. 

'  The  periods  of  development  indicated  for  these  diagrams  are  somewhat  earlier  than  those  which  wo  have 
noted  in  the  text;  but  it  is  impossible  to  fix  these  with  absolute  .accuracy,  and  all  the  estimates  given  by  authors  are 
understood  to  be  merely  approximative. 
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Tho  pornianent  teeth  ai*o  developed  Loneatli  the  follicles  of  tlio  temporary,  or  milk- 
teeth.  The  first  appearance  is  a  prolongation  or  diverticulum  from  the  enainel-organ  of 
the  temporary  tooth,  which  dips  more  deeply  into  the  mucous  structure.  This  becomes 
the  enamel-orgau  of  the  permanent  tooth ;  and  tho  successive  stages  of  development  of 
the  dental  follicles  and  tho  dental  pulp  progress  in  the  same  way  as  in  the  temporary 
teeth.  As  the  permanent  teeth  increase  in  size,  they  gradually  encroacli  upon  the  roots 
of  the  temporary  teeth.    The  roots  of  the  latter  are  absorbed,  the  permanent  teeth  ad- 


FiQ.  306.— Temporary  and  permanent  teeth.  (Sappey.) 
1  1  temDOrarv  central  incisors  -  2,  2,  temporary  lateral  incisors;  8,3,  temporary  canines:  4,  4,  temporary  anterior 
'  'Sixtl  t!^V^^^  Vo^i^^-^or  mSlarsf6,6,  permanent  central  incisors:  frfltsfmS 
"rperminent  canines  ;  9,  9,  permanent  first  bicuspids  ;  10,  10,  permanent  second  bicuspids;  11, 11,  first  molars. 

vance  more  and  more  toward  the  surface,  and  the  crown  of  each  temporary  tooth  is 
finally  pushed  out.  The  number  of  the  temporary  teeth  is  twenty,  while  there  are 
thirty-two  permanent  teeth.  Thus  there  are  three  permanent  teeth  on  either  side  of 
both  jaws,  which  are  developed  de  novo  and  are  not  preceded  by  temporary  structures. 

The  first  dental  follicles  usually  appear  in  regular  succession.  The  foUicles  for  the 
internal  incisors  of  the  lower  jaw  appear  first,  this  occurring  at  about  the  ninth  week. 
All  of  the  follicles  for  the  temporary  teeth  are  completely  formed  at  about  the  eleventh 

or  the  twelfth  week.  .  v^^^^ 

The  temporary  teeth  appear  successively,  the  corresponding  teeth  appearmg  a  httJe 
earlier  in  the  lower  jaw.  The  usual  order,  subject  to  certain  exceptional  variations, 
according  to  Sappey,  is  as  follows  : 

The  four  central  incisors  appear  from  six  to  eight  months  after  birth. 

The  four  lateral  incisors  appear  from  seven  to  twelve  months  after  birth. 

The  four  anterior  molars  appear  from  twelve  to  eighteen  months  after  birth. 

The  four  caninea  appear  from  sixteen  to  twenty-four  months  after  birth. 

The  four  posterior  molars  appear  from  twenty-four  to  thirty-six  months  after  birth. 
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The  order  of  eruption  of  the  permanent  teeth  is  as  follows : 

The  two  central  incisors  of  the  lower  jaw  appear  from  the  sixtli  to  the  eighth  year. 

The  two  central  incisors  of  tlie  upper  jaw  appear  from  the  seventh  to  the  eighth  year. 

The  four  lateral  incisors  appear  from  the  eighth  to  the  ninth  year. 

The  four  first  bicuspids  appear  from  the  ninth  to  tlie  tenth  year. 

The  four  canines  appear  from  the  tentli  to  the  eleventh  year. 

The  four  second  bicuspids  appear  from  the  twelfth  to  the  tliirtoenth  yeai'. 

The  above  are  the  permanent  teeth  which  replace  the  temporary  teeth,  The  per- 
manent teeth  which  are  developed  de  novo  appear  as  follows  : 

The  first  molars  appear  from  the  sixth  to  the  seventh  year. 

The  second  molars  appear  from  the  twelfth  to  the  thirteenth  year. 

The  third  molars  appear  from  the  seventeenth  to  the  twenty-first  year. 

Development  of  the  Genito  -  Urinary  /System. 

The  genital  and  the  urinary  organs  are  developed  together  and  are  both  preceded  by 
the  appearance  of  two  large,  symmetrical  structures,  known  as  the  WoliBan  bodies,  or 
the  bodies  of  Oken.  These  are  sometimes  called  the  false  or  the  primordial  kidneys. 
They  appear  at  about  the  thirtieth  day,  develop  very  rapidly  on  either  side  of  the  spinal 
column,  and  are  so  large  as  to  almost  fill  the  cavity  of  the  abdomen.  Fig.  307,  rep- 
resenting a  specimen  in  the  possession  of  Prof.  Dalton,  shows  how  large  these  bodies 
are  in  the  early  life  of  the  embryon,  at  which  time  their  function  is  undoubtedly  very 
important. 

Very  soon  after  the  "WolflSan  bodies  have  made  their  appearance,  we  can  distinguish^ 
at  their  inner  borders,  two  ovoid  bodies,  which  are  finally  developed  into  the  testicles, 
for  the  male,  or  the  ovaries,  for  the  female.  At  their  external  borders,  are  two  ducts, 
on  either  side,  one  of  which,  the  internal,  is  called  the  duct  of  the  WoliBan  body.  Thi& 
finally  disappears,  in  the  female,  but  it  is  developed  into  the  vas 
deferens,  in  the  male.  The  other  duct,  which  is  external  to 
the  duct  of  the  WoliBan  body,  disappears,  in  the  male,  but  it 
becomes  the  Fallopian  tube,  in  the  female.  This  is  known  as 
the  duct  of  Muller.  Behind  the  Wolffian  bodies,  are  devel- 
oped the  kidneys  and  the  suprarenal  capsules. 

As  the  development  of  the  Wolffian  bodies  attains  its  maxi- 
mum, their  structure  becomes  somewhat  complex.  From  their 
proper  ducts,  which  are  applied  directly  to  their  outer  bor- 
ders, tubes  make  their  appearance  at  right  angles  to  the 
ducts,  which  extend  into  the  substance  of  the  bodies  and  be- 
come somewhat  convoluted  at  their  extremities.  These  tubes 
communicate  directly  with  the  ducts,  and  the  ducts  them- 
selves open  into  the  lower  part  of  the  intestinal  canal,  oppo- 
site to  the  point  of  its  communication  with  the  allantois.  The 
tubes  of  the  Wolffian  bodies  are  simple,  tei-minating  in  single, 
somewhat  dilated,  blind  extremities,  are  Hned  with  epithe- 
lium, and  are  penetrated,  at  their  extremities,  by  blood-vessels,  which  form  coils  or  con- 
volutions in  their  interior.  These  are  undoubtedly  organs  of  depuration  for  the  embryon 
and  take  on  the  function  to  be  subsequently  assumed'by  the  kidneys;  but,  in  the  female, 
they  are  temporary  structures,  disappearing  as  development  advances,  and  having  noth- 
ing to  do  with  the  development  of  the  true  urinary  organs. 

The  testicles  or  ovaries  are  developed  at  the  internal  and  anterior  surface  of  the  Wolf- 
fian bodies,  first  appearing  in  the  form  of  small,  ovoid  masses.  Beginning  just  above 
and  passing  along  the  external  borders  of  the  Wolffian  bodies,  are  the  tubes  called  the 
ducts  of  Mailer.    These  at  first  open  into  the  intestine,  near  the  point  of  entrance  of  the 


Fig.  807. — Fcetal  pig,  %  of  an 
inch  long.  From  a  specimen 
in  the  possession  of  Prof,  Dal- 
ton. 

1,  heart;  2,  anterior  extremity; 
8,  posterior  extiomity;  4, 
Wolffian  body.  The  abdom- 
inal walls  have  been  cut  away, 
in  order  to  show  the  position 
of  the  Wolffian  bodies. 
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WollHau  ducts.  In  the  female,  their  upper  e.xtreuiities  remain  free,  except  tlie  Bingle 
fimhriii  which  is  connected  witli  the  ovary.  Their  inferior  extremities  unite  with  each 
other,  and,  at  their  point  of  union,  thoy  form  tlie  uterus.  When  this  union  is  incomplete, 
wo  have  the  malformation  kuown  as  double  uterus,  which  may  be  associated'  with  a 
double  vagina.  The  Wolffian  bodies  and  their  ducts  disappear,  in  the  female,  at  about 
the  fiftieth  day.  A  i)ortion  of  their  structure,  however,  persists,  in  the  form  of  a  col- 
lection of  closed  tubes,  constituting  the  parovarium,  or  organ  of  RosenmGller. 

In  the  female,  the  ovaries  pass  down  no  farther  than  the  pelvic  cavity  ;  but  the  testi- 
cles, which  are  at  first  in  the  abdomen  of  the  male,  finally  descend  into  the  scrotum. 
As  the  testicles  descend,  they  carry  with  them  the  Wolfiian  duct,  that  portion  of  the 
Wolffian  body  which  is  permanent  constituting  the  head  of  the  epididymis.  At  the 
same  time,  a  cord  appears,  attached  to  the  lower  extremity  of  the  testicle  and  extending 
to  the  symphysis  pubis.  This  is  called  the  gubernaculum  testis.  It  is  at  first  muscular, 
but  the  muscular  fibres  disappear  during  the  later  periods  of  utero-gestation.  It  is  not 
known  that  its  muscular  structure  takes  any  part,  by  contractile  action,  in  the  descent 
of  the  testicle  in  the  human  subject.  The  epididymis  and  the  vas  deferens  are  formed 
from  the  Wolffian  body  and  the  Wolffian  duct. 

At  about  the  end  of  the  seventh  month,  the  testicle  has  reached  the  internal  abdom- 
inal ring ;  and,  at  this  time,  a  double  tubular  process  of  peritoneum,  covered  with  a  few 
fibres  from  the  lower  portion  of  the  internal  oblique  muscle  of  the  abdomen,  gradually 
extends  into  the  scrotum.  The  testicle  descends,  following  this  process  of  peritoneum, 
which  latter  becomes  eventually  the  visceral  and  parietal  portion  of  the  tunica  vaginalis. 
The  canal  of  communication  between  the  abdominal  cavity  and  the  cavity  of  the  scrotum 
is  finally  closed,  and  the  tunica  vaginalis  is  separated  from  the  peritoneum.  The  fibres 
derived  from  the  internal  oblique  constitute  the  cremaster  muscle. 

At  the  eighth  or  the  ninth  month,  the  testicles  have  reached  the  external  ahdommal 
rmg  and  then  soon  descend  into  the  scrotum.  The  vas  deferens,  as  we  have  seen,  passes 
from  the  testicle,  along  the  base  of  the  bladder,  to  open  into  the  prostatic  portion  of 
the  urethra;  and,  as  development  advances,  two  sacculated  diverticula  from  these  tubes 
make  their  appearance,  which  are  attached  to  the  bladder  and  constitute  the  vesiculffi 
seminales. 

As  the  ovaries  descend  to  their  permanent  situation  in  the  pelvic  cavity,  there  appears, 
attached  to  the  inner  extremity  of  each,  a  rounded  cord,  analogous  to  the  gubernaculum 
testis.  A  portion  of  this,  connecting  the  ovary  with  the  uterus,  constitutes  the  ligament 
of  the  ovary  ;  and  the  inferior  portion  forms  the  round  ligament  of  the  uterus,  which 
passes  through  the  inguinal  canal  and  is  attached  to  the  symphysis  pubis. 

The  development  of  the  external  organs  of  generation  will  be  studied  after  we  have 
described  the  development  of  the  urinary  apparatus. 

Development  of  the  Urinary  Apparatus. -Q^hm^  the  Wolffian  bodies,  and  developed 
entirely  independently  of  them,  the  kidneys,  suprarenal  capsules,  and  ureters  make  their 
appearance.  The  kidneys  are  developed  in  the  form  of  little,  rounded  bodies  composed 
of  short,  blind  tubes,  all  converging  toward  a  single  point,  which  is  the  hilum.  These  tubes 
increase  in  length,  branch,  become  convoluted  in  a  certain  portion  of  their  extent,  and 
finally  assume  the  structure  and  arrangement  of  the  renal  tubules,  with  their  Malpighi^ 
bodies,  hlood-vessels,  etc.  They  all  open  into  the  hilum.  At  the  same  tmie  that  the  kid- 
neys are  undergoing  development,  the  suprarenal  capsules  are  formed  at  their  superior 
extremities.  These  bodies,  the  function  of  which  is  unknown,  are  relatively  so  much 
larger  in  the  foetus  than  in  the  adult,  that  they  have  been  supposed  to  be  peculiarly 
important  in  intra-uterine  life,  though  nothing  definite  is  known  upon  this  POj^t-  The 
kidneys  are  relatively  very  large  in  the  foetus.  Their  proportion  to  the  ^^g^ 
body,  in  the  foetus,  is  1  to  80,  and,  in  the  adult,  1  to  240.  The  ureters  are  undoubtedly 
developed  as  tubular  processes  from  the  kidneys,  which  finally  extend  to  open  into  the 
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bladder.  This  fact  is  shown  by  certain  cases  of  malformation,  in  which  the  ureters  have 
not  reached  the  bladder,  but  terminate  in  blind  extremities.    The  development  of  the 


Fio.  SOS.— Diagrammatic  representatioti  of  the  genito-urinary  system.  (Henlc.) 

A,  embryonic  condition,  in  whicli  there  is  no  diRtinction  of  sex  ;  B,  female  form;  C,  male  form.  Tlic  dotted  lines  in 
J     ^- ''f  f'n  situations  whicti  tlio  male  and  female  genital  organs  assume  after  the  descent  of  the  ovaries 

and  testicles.    Ihe  small  letters  in  B  and  C  correspond  to  the  capital  letters  in  A. 

Fig.  30S  A.— A,  kidney;  B,  ureter;  C,  bladder;  D,  uraclius,  developetl  into  the  median  limmont  of  the  bladder;  E, 
constriction  which  becomes  the  urethra  ;  F',  Wolffian  body;  G,  Wolffian  duct,  with  its  opening  below,  G';  H, 
duct  ol  Muller,  united  below,  from  the  two  sides,  into  a  single  tube,  J,  which  presents  a  single  opening,  J', 
between  the  openings  of  the  Wolffian  ducts ;  K,  ovary  or  testicle ;  L,  gubernaculum  testis  or  rotmd  ligament  of 
the  uterus:  M.  gcnito-urinary  sinus;  N,  O,  external  genitalia. 

Fig.  308.  B(fcuiale^— a,  kidney;  b,  ureter;  c.  bladder;  d,  urachiis;  e,  urethra;  f,  remains  of  the  Wolffian  bodyCparo- 
variiim);  g,  remnant  ol  the  Wolfflan  duct;  h,  I''allopian  tube  ;  i,  uterus  ;  1',  vagina  ;  k,  ovary;  I,  round  ligament 
01  the  uterus;  ra,  extremity  of  the  urethra;  n,  clitoris;  n'  corpus  cavernosum  of  the  clitoris;  n",  liulb  of  the 

IK    ono  r  "  •  ?•  ""'"""P"]  senital  opening ;  p.  excretory  duct  of  the  gland  of  Harthoiinua. 

i-lg.«08,  C  (male).— a,  kidney;  b,  ureter;  c,  bladder  ;  d,  nrachus;  e,  m.  urethra;  t,  epididymis;  g,  vas  deferens';  g', 
seminal  vesicle ;  g  .  ejaculatory  duct ;  h,  i,  remains  of  tlio  duet  of  Miillcr ;  k,  testicle  ;  1,  gubernaculum  testis ;  n, 
n ,  n  .  urethra  and  penis;  o,  scrotum  ;  p,  gfand  of  Cowper;  q,  prostate 
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genito-urinary  system  can  be  readily  understood,  after  the  desfription  Ave  have  just 
given,  by  a  study  of  Fig.  308. 

External  Organs  of  Generation. — The  external  organs  of  generation  begin  to  be 
developed  at  about  the  fifth  week.  At  the  inferior  extremity  of  the  body  of  the  embryon, 
a  small,  ovoid  eminence  appears  in  the  median  lino,  at  the  lower  portion  of  which  tliere 
is  a  longitfadinal  slit,  whicli  forms  the  common  opening  of  the  amis  and  the  genital  and 
urinary  passages.  This  is  the  cloaca.  There  is  soon  developed,  internally,  a  septum, 
which  separates  the  rectum  from  the  vagina,  the  urethra  of  the  female  opening  above. 
In  the  male,  tliis  septum  is  developed  between  tlie  rectum  and  the  urethra,  the  gener- 
ative and  the  urinary  passages  opening  together.  From  this  median  prominence,  two 
lateral,  rounded  bodies  make  their  appearance.  These  are  developed,  with  the  median 
elevation,  into  the  glans  penis  and  corpora  cavernosa  of  the  male,  or  into  tbe  clitoris  and 
the  labia  minora  of  the  female.  In  the  male,  these  two  lateral  prominences  unite  in  the 
median  line  and  enclose  the  spongy  portion  of  the  urethra.  When  there  is  a  want  of 
union  in  the  cavernous  bodies  in  the  male,  we  have  the  malformation  known  as  hypospa- 
dias. In  the  female,  there  is  no  union  in  the  median  line,  and  an  opening  remains 
between  the  two  labia  minora.  The  scrotum  in  the  male  is  analogous  to  the  labia 
majora  of  the  female;  the  distinction  being  that  the  two  sides  of  the  scrotum  unite 
in  the  median  line,  while  the  labia  majora  remain  permanently  separated.  This  anal- 
ogy is  farther  illustrated  by  the  anatomy  of  inguinal  hernia,  in  which  the  intestine 
descends  into  the  labia,  in  the  female,  and  into  the  scrotum,  in  the  male.  It  sometimes 
occurs,  also,  that  the  ovaries  descend,  very  much  as  the  testicles  pass  down  in  the  jiiale, 
and  pass  through  the  external  abdominal  ring. 

From  the  above  description,  it  is  easy  to  imagine  how  malformation  and  malposition 
of  the  genital  organs  may  occur,  so  that  it  is  diflicult  to  determine  the  sex  of  the  indi- 
vidual.   We  may  have,  in  a  male,  absence  of  beard  and  a  certain  degree  of  development 
of  the  mammary  glands,  with  a  pelvic  conformation  approximating,  more  or  less,  that  of 
the  female ;  and,  on  the  other  hand,  a  female  may  have  a  beard,  sUght  mammary  devel- 
opment, and  a  general  conformation  of  the  body  resembling  that  of  a  male.    This  may 
be  associated  with  corresponding  malformations  of  the  genital  organs.    We  may,  for 
example,  have  a  large  development  of  the  clitoris,  descent  of  the  ovaries,  more  or  less 
complete  occlusion  of  the  vagina,  and  union  of  the  labia  majora,  so  that  it  is  difficult  to 
determine  the  sex  from  an  external  examination;  and  opposite  vices  of  formation  may 
occur  in  the  male,  the  testicles  remaining  in  the  pelvic  cavity.    It  is  not  surprising, 
therefore,  that  beings  have  existed  of  undetermined  sex,  and  many  cases  of  this  kind  are 
on  record.    Two  cases  have  been  reported  in  which,  apparently,  the  two  sexes  were 
combined.    The  first  case  was  presented  to  the  Medical  Society  of  Vienna,  by  Eoki- 
tansky  in  1869.    This  case  presented,  on  post-mortem  examination,  two  ovaries  with 
their  Fallopian  tubes,  a  rudimentary  uterus,  a  testicle,  and  a  vas  deferens  containing 
spermatozoids.    This  individual  menstruated,  had  an  imperfect  penis,  and  a  bifid  scro- 
tum   The  sexual  indifi-erence  was  absolute.    The  second  case  was  pubhshed  by  liepp- 
ner  'in  1872    This  was  a  child,  six  weeks  old,  which  had  been  preserved  in  alcohol  for 
several  years.    It  presented  ovaries.  Fallopian  tubes,  a  uterus,  and  a  vagma  opening  mto 
the  urethra.    There  were  also  two  bodies  which  were  shown,  upon  microscopical  examina- 
tion, to  be  testicles,  a  penis  with  hypospadia,  and  a  prostate;  but  there  were  neither 
yesiculfe  seminales  nor  vasa  deferentia. 

Development  of  tlie  Circulatory  System. 
■     The  blood  and  the  blood-vessels  are  developed  very  early  in  the  life  of  the  ovum  and 
make  their  appearance  nearly  as  soon  as  the  primitive  trace.    Tbe  mode  of  development 
of  the  first  vessels  diflPers  from  that  of  vessels  formed  later,  as  they  appear  de  vovo  m  the 
ttastodermic  layers,  while  afterward,  vessels  are  fomed  as  prolongations  of  preexisting 
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tubes.  Soon  after  the  external  and  the  internal  blnstoderinie  membranes  have  become 
separated  from  each  other,  and  the  intermediate  membrane  has  been  formed  at  the 
thickened  portion  of  the  ovum  which  is  destined  to  be  developed  into  the  embryon,  cer- 
tain of  the  blastodermic  cells  undergo  a  transformation  into  blood-corpuscles.  These  are 
larger  than  the  blood-corpuscles  of  the  adult  and  are  generally  nucleated.  At  about  the 
same  time  (it  may  be  before  or  after  the  appearance  of  the  corpuscles,  for  this  point  is 
undetermined)  certain  of  the  blastodermic  cells  fuse  with  each  other  and  arrange  them- 
selves so  as  to  form  vessels.  Leucocytes  are  probably  developed  in  the  same  way  as  the 
red  corpuscles.  The  vessels  thus  formed  constitute  the  area  vasculosa,  which  is  the 
beginning  of  what  is  known  as  the  first  circulation. 

It  is  evident  that  the  relations  of  the  embryon  at  different  stages  of  development  must 
require  certain  variations  in  the  arrangement  of  the  circulatory  system.  The  ovum  nas, 
of  course,  no  vascular  connection  with  the  mother  before  the  formation  of  the  allantois. 
It  has  undergone,  however,  a  certain  degree  of  development,  and  presents  a  circulatorv 
system,  which  extends  over  the  umbilical  vesicie.  This  stage  of  development  of  the  vas- 
cular system  constitutes  what  is  known  as  the  first  circulation.  As  the  allantois  is  devel- 
oped, the  circulation  over  tne  umbilical  vesicle  becomes  unimportant,  and  its  vessels  disap- 
pear. Vessels  then  extend  into  the  allantois,  are  finally  developed  into  the  foetal  portion 
of  the  placenta,  and  what  is  known  as  the  second  circulation  is  established.  This  circu- 
lation continues  throughout  intra-uterine  life,  and,  as  we  know,  the  embryon  and  foetus 
depend  entirely  upon  the  placenta  for  materials  for  respiration,  nutrition,  and  growth. 
At  birth,  the  requu-ements  are  again  changed.  The  placental  circulation  is  then  abol- 
ished, and  the  arrangement  of  vessels  peculiar  to  it  disappears.  ZSTow,  for  the  first 
time,  the  pulmonary  circulation  becomes  important.  All  the  blood  passes  through  the 
lungs  before  it  is  sent  to  the  general  system,  the  two  sides  of  the  heart  become  com- 
pletely separated  from  each  other,  and  the  third,  the  pulmonary,  or  adult  circulation,  is 
established. 


The  First,  or  Vitelline  Circulation. — In  the  development  of  oviparous  animals,  the 
first,  or  vitelline  circulation  is  very  important ;  for,  by  these  vessels,  the  contents  of  the 
nutritive  yolk  are  taken  up  and  carried  to  the  embryon,  constituting  the  only  source  of 
material  for  its  nutrition  and  growth.  In  mammals,  however,  nutritive  matter  is  ab- 
sorbed almost  exclusively  from  the  mother,  by  simple  endosmosis,  before  the  placental 
circulation  is  established,  and  by  the  placental  vessels,  at  a  later  period.  The  vitelHne 
circulation  is  therefore  not  important,  and  the  vessels  disappear  with  the  atrophy  of  the 
umbilical  vesicle. 

The  area  vasculosa,  in  mammals,  consists  of  vessels  coming  from  the  body  of  the 
embryon,  forming  a  nearly  circular  plexus  in  the  substance  of  the  vitellus,  around  the 
embryon.  The  vessels  of  this  plexus  open  into  a  sinus  at  the  border  of  the  area,  called 
the  sinus  terminalis.  It  is  probable  that  these  vessels  ai-e  developed  de  now  in  the  inter- 
mediate blastodermic  layer  and  are  not  preceded  by  a  distinct  membrane ;  but  such  a 
membrane  has  been  described  under  the  name  of  the  vascular  blastodermic  laj'er. 

^  If  we  examine  the  ovum  when  the  area  vasculosa  is  first  formed,  we  see  the  embryon 
lying  in  the  direction  of  the  diameter  of  the  nearly  circular  plexus  of  blood-vessels.  The 
plexus  surroimds  the  embryon,  except  at  the  cephalic  extremity,  where  the  terminal 
sinuses  of  the  two  sides  curve  downward  toward  the  head,  to  empty  into  the  omphalo- 
mesenteric veins.  As  the  umbilical  vesicle  is  separate'd  from  the  body  of  the  embryon, 
it  carries  the  plexus  of  vessels  of  the  area  vasculosa  with  it,  the  vessels  of  communication 
with  the  embryon  being  the  omphalo-mesenteric  arteries  and  veins.  As  these  processes 
are  going  on,  the  groat  central  vessel  of  the  embryon  becomes  enlarged  and  twisted  upon 
Itself,  at  a  point  just  below  the  cephalic  enlargement  of  the  embryon^  between  the  inferior 
extremity  of  the  pharynx  and  the  superior  cul-de-sac  of  the  intestinal  canal.  The  exca- 
vation which  receives  this  vessel  is  called  the  fovea  cardiaca.    The  different  stages  of 
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dovolopnient  of  tlie  heart,  whicli  is  Ibriiiod  of  the  twisted  portiou  of  tlic  ceutral  vessel, 
will  be  described  farther  on.  Simple,  undulutory  niovements  take  place  in  the  heart  of 
the  chick  at  about  the  middle  of  tiie  second  day ;  but  there  is  not,  at  that  time,  any 
regular  circulation.  At  the  end  of  the  second  day  or  the  beginning  of  the  third,  the  cur- 
rents of  the  circulation  are  established.  The  time  of  the  first  appearance  of  the  circula- 
tion in  the  human  embryon  has  not  been  accurately  determined. 


Fig.  309.— Area  misculosa.  (Bischoff.) 
a,  o,     sinus  tcrminalis ;  c,  ompbalo-mesenteric  vein ;  d,  heart;  e,fj\  posterior  vertebral  arteries. 

In  the  arrangement  of  the  vessels  for  the  first  circulation  of  the  embryon,  the  heart  is 
situated  exactly  in  the  median  line  and  gives  off  two  arches  which  curve  to  either  side 
and  unite  into  a  single  central  trunk  at  the  spinal  column  below.  These  are  the  two  aortse, 
and  the  single  trunk  formed  by  their  union  becomes  the  abdominal  aorta.  The  two  aortic 
arches,  one  of  wliich  only  is  permanent,  are  sometimes  caUed  the  inferior  vertebral  arteries 
These  vessels  give  off  numerous  branches,  which  pass  into  the  area  vasculosa     Iwo  ot 
these  branches,  however,  are  larger  than  the  others,  pass  to  the  umbilical  vesicle,  and  are 
called  the  omphalomesenteric  arteries.    In  the  embryon  of  mammals,  there  are,  at  farst, 
four  omphalo-mesenteric  veins,  two  superior,  which  are  the  larger,  and  two  mfer.or ; 
but,  as  development  advances,  the  two  inferior  veins  are  closed,  and  we  then  have  two 
omphalo-mesenteric  arteries  and  two  omphalo-mesenteric  veins.    At  about  the  tortietu 
day,  one  artery  and  one  vein  disappear,  and  we  have  then  but        ^7^^*^  ^'^^^"^^ 
artery  and  one  vein.    Soon  after,  as  the  circulation  becomes  estabhshed  in  the  aU^^^^^^^^^^ 
the  vessels  of  the  umbilical  vesicle  and  the  omphalo-mesenteric  vessels  are  obhte.ated, 
and  the  first  circulation  is  superseded  by  the  second. 

As  the  septum  between  the  two  ventricles  makes  its  appearance  that  d™ 

right  aortic  aJch  which  constitutes  the  vascular  portion  <>f  "^J^^^^J.^^^^^ 

appears  and  loses  its  connection  with  the  abdominal  aorta;  a  branch,  however,  pei  ists 
during  the  whole  of  intra-uterine  life  and  constitutes  the  ductus  arteriosus,  and  another 
branch  is  permanent,  forming  the  pulmonary  artery. 
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The  Second,  or  Placental  Circulation— Ab  the  omphalo-mesenteric  vosboIs  disappear, 
and  as  the  allantois  is  developed  to  form  the  chorion,  two  vessels  (tlio  hypogastric  arte- 
ries) are  given  off,  first  from  the  abdominal  aorta;  but  afterward,  as  the  vessels  going  to 
the  lower  extremities  are  developed,  the  branching  of  the  abdominal  aorta  is  such  that 
the  vessels  become  connected  with  the  internal  iliac  arteries.  The  hypogastric  arteries 
pass  to  the  chorion  through  the  umbilical  cord  and  constitute  the  two  umbilical  arteries. 
At  first,  there  are  two  umbilical  veins ;  but  one  of  them  afterward  disappears,  and  there 
is  finally  but  one  vein  in  the  umbilical  cord.  It  is  in  this  way — the  umbilical  arteries  car- 
rying the  blood  to  the  tufts  of  the  foetal  placenta,  which  is  returned  by  the  umbilical 
vein — that  the  placental  circulation  is  established. 

Corresponding  to  the  four  visceral  arches,  which  we  have  described  in  connection  with 
the  development  of  the  face,  are  four  vascular  arches.  One  of  these  disappears,  and  the 
remaining  three  undergo  certain  changes,  by  which  they  are  converted  into  the  vessels 
going  to  the  head  and  the  superior  extremities.  The  anterior  arches  on  the  two  sides 
are  converted  into  the  carotids  and  subclavians ;  the  second,  on  the  left  side,  is  converted 
into  the  permanent  aorta,  and  the  right  is  obliterated ;  the  third,  on  either  side,  is  con- 
verted into  the  right  and  left  pulmonary  arteries.  In  the  early  stages  of  the  develop- 
ment of  the  vascular  system  of  mammals,  the  conditions  have  been  compared  to  the  per- 
manent arrangement  of  the  circulatory  system  in  fishes.  The  heart  of  fishes  remains 
single ;  and  the  heart  of  mammals  is  at  first  single,  but  afterward  it  becomes  divided  by  the 
development  of  the  intra- ventricular  septum.  The  branchial  arches  in  fishes  are  perma- 
nent, they  receive  all  the  blood  from  the  aortic  bulb,  and  the  blood 
from  these  arches  then  passes  into  the  dorsal  aorta.  This  is  very 
nearly  the  condition  of  the  vascular  system  when  the  branchial 
arches  first  appear  in  the  embryon  of  mammals. 

The  changes  of  the  branchial  arches  which  we  have  described 
are  illustrated  in  the  diagrammatic  Fig.  310.  In  this  figure,  the 
three  branchial  arches  that  remain  and  participate  in  the  devel- 
opment of  the  upper  portion  of  the  vascular  system  are  1,  2,  3, 
on  either  side.  The  two  anterior  (3,  3)  become  the  carotids  (c,  c) 
and  the  subclavians  (s,  s).  The  second  (2,  2)  is  obliterated  on  the 
right  side,  and  becomes  the  arch  of  the  aorta  on  the  left  side. 
The  third  (1,  1),  counting  from  above  downward,  is  converted 
into  the  pulmonary  arteries  of  the  two  .sides.  Upon  the  left  side, 
there  is  a  large  anastomosing  vessel  (ca),  between  the  pulmonary 
artery  of  that  side  and  the  arch  of  the  aorta,  which  is  the  ductus 
arteriosus.  The  anastomosing  vessel  (cd)  between  the  right  pul- 
monary artery  and  the  aorta,  is  obliterated. 

The  mode  of  development  of  the  veins  is  very  simple.  Two 
venous  trunks  make  their  appearance  by  the  sides  of  the  spinal 
column,  which  are  called  the  cardinal  veins,  and  run  parallel  with 
the  superior  vertebral  arteries,  or  the  two  aortas,  emptying  finally 
into  the  auricular  portion  of  the  heart  by  two  canals,  which  are 
called  the  canals  of  Cuvier.  These  veins  change  their  relations 
and  connections  as  the  first  circulation  is  replaced  by  the  second. 
The  omphalo-mesenteric  vein  opens  into  the  heart  between  the 
two  canals  of  Cuvier.  As  development  advances,  the  liver  is 
formed  in  the  course  of  this  vessel,  a  short  distance  below  the 
heart,  and  the  vein  ramifies  in  its  substance ;  so  that  the  blood  of 
the  omphalo-mesenteric  vein  passes  through  the  liver  before  it 
gets  to  the  heart.  We  have  seen  that  the  omphalo-mesenteric  vein  is  obliterated  as  the 
umbilical  vein  makes  its  appearance.  The  blood  from  the  umbilical  vein  is  at  first 
emptied  directly  into  the  heart ;  but  this  vessel  soon  establishes  the  same  relations 


Fig.  31 0.  —  Transformation 
of  tlie  system  of  aortic 
arcJias  into  permaiieiit 
arterial  trunks,  in  the 
mammalia .   (Von  Bacr.) 

B,  aortic  bulb :  1,  2,  3,  4.  ,5,  on 
either  side,  tlie  iivo  pairs  of 
aortic  arclies;  .5,  5,  the  earli- 
est in  their  a])pcarance ;  1. 1, 
the  most  recent;  c,  c,  the 
two  carotids,  still  united, 
wliicli  are  separated  at  a 
later  period;  s,  s.  the  two 
subclavians,  the  right  arls- 
inpr  from  the  arterla  Innomi- 
nata ;  «,  «,  the  aorta;  p,p, 
the  pidmonary arteries;  C(/, 
the  ductus  a'rteirosus ;  erf, 
the  left  artieral  canal,  which 
is  finally  obliterated. 
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with  tho  livor  as  tlio  oiiiphalo-mosenterio  vein,  and  its  blood  passes  througL  the  livor 
before  it  reaches  tho  central  organ  of  the  circuhition.  As  tho  omi.halo-niesenteric  vein 
atrophies,  the  mesenteric  vein,  bringing  the  blood  from  the  intestinal  canal,  is  developed, 
and  this  penetrates  the  liver,  becoming,  finally,  the  portal  vein. 

As  the  lower  extremities  are  developed,  the  inferior  vena  cava  makes  its  appearance 
between  the  two  inferior  cardinal  veins.  This  vessel  receives  an  anastomosing  branch 
from  the  umbilical  vein,  before  it  penetrates  the  liver,  and  this  branch  is  the  ductus 
venosus.  As  the  inferior  vena  cava  increases  in  size,  it  communicates  below  with  the 
two  inferior  cardinal  veins;  and  that  portion  of  the  two  inferior  cardinal  veins  which 
remains  constitutes  the  two  iliac  veins.  The  inferior  cardinal  veins,  between  that  portion 
which  forms  tho  iliac  veins  and  the  heart,  finaUy  become  the  right  and  the  left  azygos 

"'^^  The  right  canal  of  Cuvier,  as  the  iipper  extremities  are  developed,  enlarges  and  be- 
comes the  vena  cava  descendens,  receiving,  finally,  all  the  blood  from  the  head  and  the 
superior  extremities.  The  left  canal  of  Cuvier  undergoes  atrophy  and  finally  disappears. 
The  upper  portion  of  the  superior  cardinal  veins  is  developed  into  the  jugulars  and  sub- 
clavians  on  the  two  sides.  As  the  lower  portion  of  the  left  cardinal  vein  and  the  left 
canal  of  Cuvier  atrophy,  a  venous  trunk  appears,  connecting  the  left  subclavian  with  the 
right  canal  of  Cuvier.  This  increases  in  size  and  becomes  tho  left  vena  mnommata,  which 
connects  the  left  subclavian  and  internal  jugular  with  the  vena  cava  descendens. 

Development  of  the  Heart.-1h^  central  enlargement  of  the  vascular  system  in  the 
first  circulation,  which  becomes  the  heart,  is  twisted  upon  itself  by  a  smgle  turn  The 
portion  connected  with  the  cephaUc  extremity  of  the  embryon  gives  origin  to  the 
arterial  system,  and  the  portion  connected  with  the  caudal  extremity  receives  the  blood 
from  the  venous  system.  The  waUs  of  the  arterial  portion  of  the  heart  soon  become 
thickened,  while  the  walls  of  the  venous  portion  remain  comparatively  thm.  There  then 
appears  a  constriction,  which  partly  separates  the  auricular  from  the  ventricular  portion. 
At  a  certain  period  of  development,  the  heart  presents  a  single  auricle  and  a  smgle  ven- 

The  division  of  the  heart  into  two  ventricles  appears  before  the  two  auricles  ai-e  sepa- 
•ated  This  is  efl^ected  by  a  septum,  which  gradually  extends  from  the  apex  of  the  heart 
upwtd  toward  the  auricular  portion.  At  the  seventh  week,  there  is  a  arge  opening  be- 
Ten  the  two  ventricles.    tLs  gradually  closes  fi.m  below 

more  pointed,  and  the  separation  of  the  two  ventricles  is  complete  at  about  the  end  of  the 

"'a?  Zf the  end  of  the  second  month,  a  septum  begins  to  be  formed  between  the 
auritL  This  extends  from  the  base  of  the  heart  towai-d  l^l^f^l^^^'^^^^^ 

^^^SSth  week,  the  heart  -rtic.  an^^^^  ^^^luf  I^S 

month,  it  is  twisted  slightly  upon  its  axis,  and  the  Vof  W^^f^^^^^^ 
time,  he  auricular  portion  is  larger  than  the  ventricles;  but  ^^^^.^^^^^^f^^^^^^^^^^^ 
relatWe  capacity  during  the  latter  half  of  intra-uterine  life.    The  peiicaxd.um  makes 
appearance  during  the  ninth  week.  gg^^ond 
Early  in  intra-uterine  life,  the  relative  size  °f  ^^^^  is  1  to  50.    This  proportion, 

month,  its  weight,  in  proportion  to       weight  The  priportionato 

however,  gradually  diminishes  until,  at  birth,  the  latio  is  i  lo  i 
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weight  iu  the  adult  is  about  1  to  100.  During  about  the  first  half  of  intra-uterine  life, 
the  thickness  of  the  two  ventricles  is  nearly  the  same ;  but,  after  that  time,  the  relative 
thickness  of  the  left  ventricle  gradually  increases. 

Peculiarities  of  the  Festal  Circulation.— In  studying  the  complete  course  of  the  blood 
in  the  fcetus,  which  constitutes  the  second,  or  the  placental  circulation,  wo  note  peculiari- 
ties in  two  portions  of  the  circulatory  system.  In  the  one,  a  peculiar  arrangement  is 
necessitated  by  the  passage  of  blood  to  and  from  the  placenta ;  and  in  the  other,  the  char- 
acter of  the  blood  coming  from  the  placenta  necessitates  a  peculiar  arrangement  of  the 
heart  and  the  great  vessels. 

The  branches  from  the  internal  iliac  arteries,  which  pass  to  the  fcetal  tufts  of  the  pla- 
centa, do  not  exist  in  the  adult.  The  ductus  venosus,  which  conveys  a  portion  of  the 
blood  of  the  umbilical  vein  to  the  vena  cava  ascendens,  and  the  umbilical  vein  itself  do 
not  exist  in  the  adult. 

The  Eustachian  valve,  situated  at  the  inner  margin  of  the  vena  cava  ascendens  as  it 
opens  into  the  right  auricle,  does  not  exist  in  the  adult.  The  foramen  ovale,  or  the  open- 
ing between  the  right  and  the  left  auricle,  through  which  the  blood  from  the  vena  cava 
ascendens  is  directed  into  the  left  auricle,  does  not  exist  in  the  adult.  The  ductus  arte- 
riosus, which  conveys  the  blood  from  the  left  pulmonary  artery  to  the  arch  of  the  aorta, 
does  not  exist  in  the  adult.  In  the  adult,  the  pulmonary  arteries  receive  all  the  blood 
from  the  right  ventricle.  In  the  foetus,  the  pulmonary  arteries  receive  a  smaU  quantity 
of  blood,  as  compared  with  that  which  passes  to  the  aorta  through  the  ductus  arteriosus. 
Keeping  in  view  these  peculiarities  of  the  circulatory  apparatus,  the  entire  course  of  the 
blood,  during  foetal  life,  is  as  follows  : 

Beginning  with  the  abdominal  aorta,  we  follow  the  course  of  blood  into  the  two 
primitive  iliacs,  and  thence  into  the  internal  iliacs.  From  the  two  internal  iliacs,  the  two 
hypogastric  arteries  arise,  which  ascend  along  the  sides  of  the  bladder  to  its  fundus,  thence 
pass  to  the  umbilicus  and  go  to  the  placenta,  forming  the  two  umbilical  arteries.  In  this 
way,  the  blood  of  the  fcetus  goes  to  the  placenta. 

The  umbilical  vein  enters  the  body  of  the  foetus  at  the  umbilicus ;  it  passes  along  the 
margin  of  the  suspensory  ligament  to  the  under  surface  of  the  liver ;  it  gives  off  one. 
branch  of  large  size,  and  one  or  two  smaller  branches  to  the  left  lobe ;  it  sends  a  branch 
each  to  the  lobus  quadratus  and  the  lobus  Spigelii ;  and  the  vessel  reaches  the  transverse 
fissure.  At  the  transverse  fissure,  it  divides  into  two  branches,  the  larger  of  which  joins 
the  portal  vein  and  enters  the  liver ;  and  the  smallei',  which  is  the  ductus  venosus, 
passes  to  the  vena  cava  ascendens,  at  the  point  where  it  receives  the  left  hepatic  vein. 
Thus,  the  greater  part  of  the  blood  returned  to  the  foetus  from  the  placenta  passes 
through  the  liver,  a  relatively  small  quantity  being  emptied  into  the  vena  cava  by  the 
ductus  venosus. 

The  vena  cava  ascendens,  containing  the  placental  blood  which  has  passed  through 
the  liver,  the  blood  conveyed  directly  from  the  umbilical  vein  by  the  ductus  venosus,  and 
the  blood  from  the  lower  extremities,  passes  to  the  right  auricle.  As  the  blood  enters 
the  right  auricle,  it  is  directed  by  the  Eustachian  valve,  passing  behind  the  valve,  through 
the  foramen  ovale,  into  the  left  auricle.  At  the  same  time,  the  blood  from  the  head  and 
the  superior  extremities  passes  down,  by  the  vena  cava  descendens,  in  front  of  the  Eusta- 
chian valve,  through  the  right  auricle,  into  the  right'ventricle.  The  arrangement  of  the 
Eustachian  valve  is  such,  that  the  right  auricle  simply  affords  a  passage  for  the  two  cur- 
rents of  blood ;  the  one,  from  the  vena  cava  ascendens,  through  the  foramen  ovale,  passes 
into  the  left  auricle  and  the  left  ventricle ;  and  the  other,  from  the  vena  cava  descendens, 
passes  through  the  right  auriculo-vcntricular  opening,  into  the  right  ventricle.  It  is 
probable,  indeed,  that  there  is  very  little  admixture  of  these  two  currents  of  blood  in  the 
natural  course  of  the  fcetal  circulation.  Reid  injected  the  vena  cava  ascendens  with  red, 
and  the  vena  cava  descendens  with  yellow,  in  a  foetus  of  seven  months,  and  he  found  very 
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little  mixture  of  the  two  colors  in  the  passage  of  tlie  injected  material  through  the  right 
auricle. 

Tlie  blood  poured  into  the  left  auricle  from  the  vena  cava  ascendens  through  the  fora- 
men ovale  passes  from  the  loft  auricle  into  the  loft  ventricle.  The  left  auricle  and  the 
left  ventricle  also  receive  a  snuiU  quantity  of  blood  from  tlio  lungs,  by  tlie  pulmonary 
veins.  Thus  the  left  ventricle  is  filled.  At  the  same  time,  the  right  ventricle  is  lilled 
with  blood  which  hus  passed  through  the  right  auricle,  in  front  of  the  Eustachian  valve. 
The  two  ventricles,  thus  distended,  then  contract  simultaneously.  The  blood  from  the 
right  ventricle  passes  in  small  quantity  to  the  lungs,  the  greater  part  passing  through  the 
ductus  arteriosus  into  the  descending  portion  of  tlie  arch  of  the  aorta.  This  duct  is  short 
(half  an  inch  in  length)  and  about  the  size  of  a  goose-quill.  The  blood  from  the  left  ven- 
tricle passes  into  the  aorta  and  goes  to  the  system.  The  vessels  of  the  head  and  superior 
extremities  being  given  olf  from  the  aorta  before  it  receives  the  blood  from  the  ductus 
arteriosus,  these  parts  receive  almost  exclusively  the  pure  blood  from  the  vena  cava 
ascendens,  the  only  mixture  with  the  placental  blood  being  the  blood  from  the  lower 
extremities,  the  blood  from  the  portal  system,  and  the  small  amount  of  blood  received 
from  the  lungs.  After  the  aorta  has  received  the  blood  from  the  ductus  arteriosus,  how- 
ever, it  is  mixed  blood;  and  it  is  this  which  supplies  the  trunk  and  lower  extremities. 
This  is  one  of  the  reasons  assigned  by  physiologists  for  the  greater  rslative  development 
of  the  upper  parts  of  the  foetus. 

In  Fig.  311,  which  is  partly  diagrammatic,  t  he  foetal  circulation  is  illustrated.  In 
endeavoring,  in  this  figure,  to  give  a  clear  idea  of  the  second  circulation,  we  have  not 
attempted  to  preserve  the  exact  relations  or  the  relative  size  of  the  organs.  We  have 
endeavored  to  represent,  by  dotted  lines,  the  Eustachian  valve,  the  foramen  ovale,  and 
the  two  auriculo-ventricular  orifices.  The  liver,  which  is  smaller  in  the  diagram  than  it 
really  is,  and  the  bladder,  are  represented  by  dotted  lines. 

There  can  be  no  doubt  that  the  fcetus  derives  materials  for  its  nutrition  and  gi'owth 
from  the  placenta,  and  that  this  also  serves  as  a  respiratory  organ.  In  another  chapter, 
under  the  head  of  respiration  before  birth,  we  have  stated  that  "  Legallois  frequently 
observed  a  bright-red  color  in  the  blood  of  the  umbilical  vein;  and,  on  alternately  com- 
pressing and  releasing  the  vessel,  he  saw  the  blood  change  in  color  successively  from  red 
to  dark  and  from  dark  to  red."  This  diflference  in  color  between  the  blood  of  the  umbili- 
cal arteries  and  of  the  umbilical  vein  has,  however,  been  denied  by  some  authors,  who 
state  that  all  of  the  foetal  blood,  while  it  is  of  nearly  a  uniform  color,  is  lighter  than  the 
venous  blood  of  the  adult ;  but  Dalton,  in  a  direct  observation  upon  a  cat,  "  nearly  arrived 
at  the  term  of  pregnancy,"  noted  that  "  the  difference  in  color  between  the  umbilical 
arteries  and  veins  was  very  distinct.  They  were  both  dark,  but  the  color  of  the  veins 
was  very  decidedly  more  ruddy  than  that  of  the  arteries  ;  i.  e.,  the  blood  in  the  umbilical 
arteries  was  of  the  color  of  the  ordinary  venous  blood,  while  that  of  the  umbilical  veins 
had  a  color  midway  between  the  ordinary  venous  and  arterial  hues.  All  the  foetuses 
were  healthy,  and  moved  briskly  after  being  taken  out  of  the  uterus." 

There  are  numerous  observations  showing  that  the  fcetus  in  utero  makes  respii-atory 
eflforts  when  the  umbilical  vessels  are  compressed.  We  believe  that  these,  as  well  as  the 
first  respiration  after  birth,  are  due  to  a  want  of  oxygen  in  the  general  system  of  the 
fcetus,  and  we  think  that  we  have  demonstrated  this  fact  by  experiments.  This  point  has 
already  been  elaborately  discussed  in  another  chapter.  If  our  experiments  and  the  deduc- 
tions drawn  from  them  be  correct,  there  can  be  no  doubt  with  regard  to  the  respiratory 
function  of  the  placenta,  although,  as  far  as  we  know,  there  has  never  been  an  accurate 
comparison  of  the  gases  contained  in  the  blood  of  the  umbilical  arteries  and  the  umbilical 
vein. 

The  Tliird.  or  Adult  Circulation.— ^hcn  the  child  is  born,  the  placental  circulation 
is  .suddenly  arrested.    After  a  short  time,  the  sense  of  want  of  air  becomes  suftieiently 
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intense  to  give  rise  to  an  inspiratory  effort,  and  the  first  inspiration  is  inade.  The  pul- 
monary organs  are  then,  for  tlio  first  time,  distended  with  nir,  tlie  pulmonary  arteries 


Internal  Mac  Arteries. 
Fro.  Zn.— Diagram  of  the  fatal  circulation. 

carry  the  greatest  part  of  the  blood  from  the  right  ventricle  to  the  lungs,  and  a  new  cir- 
culation i.s  established.  During  the  later  periods  of  foetal  life,  the  heart  is  gradually  pre- 
pared for  the  new  currents  of  blood.    The  foramen  ovale,  whicli  is  largest  at  the  si.xth 
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month,  after  that  time,  is  partly  occhidod  by  the  gradual  growth  of  a  valve,  which  extends 
from  below  upward  and  from  behind  forward,  upon  the  side  of  the  left  auricle.  The 
Eustachian  valve,  which  is  also  largest  at  the  sixth  month,  gradually  atrophies  after  this 
time,  and,  at  full  term,  it  has  nearly  disappeared.  At  birth,  then,  the  Eustachian  valve  is 
practically  absent;  and,  after  pulmonary  respiration  becomes  established,  the  foramen 
ovale  has  nearly  closed.  The  arrangement  of  the  valve  of  the  foramen  ovale  is  such,  that, 
at  birth,  a  small  quantity  of  blood  may  pass  from  the  right  to  the  left  auricle,  but  none 
can  pass  in  the  opposite  direction.  The  situation  of  the  Eustachian  valve,  on  the  right 
side  of  the  inter-auricular  septum,  is  marked  by  an  oval  depression,  called  the  fossa  ovalis. 

As  a  congenital  malformation,  the  foramen  ovale  may  remain  open,  producing  the 
condition  known  as  cyanosis  neonatorum.  This  may  continue  into  adult  life,  and  it  is  then 
attended  with  more  or  less  disturbance  of  respiration  and  difficulty  in  maintaining  the 
normal  heat  of  the  body.  Usually,  the  foramen  ovale  is  completely  closed  at  about  the 
tenth  day  after  birth.  The  ductus  arteriosus  begins  to  contract  at  birth,  and  it  is  occluded, 
being  reduced  to  the  condition  of  an  impervious  cord,  at  from  the  third  to  the  tenth  day. 

When  the  placental  circulation  is  arrested  at  birth,  the  hypogastric  arteries,  the  um- 
bilical vein,  and  the  ductus  venosus  contract,  and  they  become  impervious  at  from  the 
second  to  the  fourth  day.  The  hypogastric  arteries  remain  pervious  at  their  lower  por- 
tion and  constitute  the  superior  vesical  arteries.  A  rounded  cord,  which  is  the  remnant 
of  the  umbilical  vein,  forms  the  round  ligament  of  the  liver.  A  slender  cord,  the  rem- 
nant of  the  ductus  venosus,  is  lodged  in  a  fissure  of  the  liver,  caUed  the  fissure  of  the 
ductus  venosus. 

A  history  of  the  development  of  the  various  tissues  of  the  body  belongs  really  to  gen- 
eral anatomy  and  is  usually  given  in  works  specially  devoted  to  that  subject.  We  have 
only  treated  of  it  incidentally,  in  our  account  of  the  development  of  the  various  organs 
and  systems. 


CHAPTER  XXVIII. 

F(ETAL  LIFE-DEVELOPMENT  AFTER  BIRTII-DEATII. 

mal  parturition-Involution  of  the  uterus-Meconium-Dextral  pre.mmence-Developmeut  alte.  birth  A„cs 
Death— Cadaveric  rigidity— Putrefaction. 

As  the  development  of  the  ovum  advances,  the  uterus  is  enlarged  and  its  walls  are 
thickened.  The  form  of  the  organ,  also,  gradually  changes,  as  well  as  its  position.  Im- 
m  diately  after  birth,  its  weight  is  about  a  pound  and  a  half,  while  the  virgm  uterus 
weighs  less  than  two 'ounces.  It  is  a  remarkable  fact,  demonstrated  '^P- 
iect  by  Prof.  I.  E.  Taylor,  of  New  York,  that  the  neck  of  the  uterus  whde  it  becomes 
offer  Ind  more  patulous  during  pregnancy,  does  not  change  its  -gth  e-n  m  t,e  very 
latest  stages  of  utero-gestation.  This  fact  is  in  opposition  to  the  statements  of  most 
ottetl  ans,  who  belfeve  that  the  os  internum  dilates,  and  that  the  -ck  .  ^^^^^^^^ 
absorbed,  as  it  were,  by  the  body  of  the  uterus,  during  the  ater  -^^-'^^f.^lll'^.o.. 

Wehkve  already  studied  the  remarkable  changes  -l^'^V/  ^Tof  tfe ^^1^ 
membrane  of  the  uterus  during  pregnancy  and  the  mode  of  f^^'^^f  °^..f  ^^^^^ 
and  we  have  seen  that  the  mucous  membrane  of  the  neck  does  P^rt'c^pate  in  these 
changes  and  is  not  thrown  off  in  parturition.  The  only  change,  J' ^  ;f  J^^^^f^ 
in  the  neck,  aside  from  the  softening  of  its  texture,  is  the  secretion  of  the  plug  of  mucus 
which  closes  the  os. 
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The  changes  in  the  walls  of  the  nterus  during  pregnancy  are  very  important.  The 
blood-vessels  become  much  enlarged,  and  the  muscular  fibres  increase  immensely  in  size, 
so  that  their  contractions  are  very  powerful  when  the  foetus  is  expelled. 

It  is  evident  that,  on  account  of  the  progressive  increase  in  the  size  of  the  uterus  dur- 
ing pregnancy,  it  cannot  remain  in  the  cavity  of  the  pelvis  at  the  later  months.  During 
the  first  three  months,  however,  when  it  is  not  too  large  for  the  pelvis,  it  sinks  back  into 
the  hollow  of  the  sacrum,  the  fundus  being  directed  somewhat  backward,  with  the  neck 
presenting  downward,  forward,  and  a  little  to  the  left.  After  this  time,  however,  the 
increased  size  of  the  organ  causes  it  to  extend  into  the  abdominal  cavity,  so  that  its 
fundus  eventually  reaches  the  epigastric  region.  Its  .axis  then  has  the  general  direction 
of  the  axis  of  the  superior  strait  of  the  pelvis. 

The  enlargement  of  the  uterus  and  the  necessity  of  carrying  on  a  greatly-increased 
circulation  in  its  walls  during  pregnancy  are  attended  with  a  temporary  hypertrophy  of 
the  heart.  According  to  Robin,  it  is  mainly  the  left  ventricle  which  is  thickened  during 
utero-gestation,  and  the  increase  in  the  weight  of  the  heart  at  full  term  amounts  to  more 
than  one-fifth.  After  delivery,  the  weight  of  the  heart  soon  returns  to  nearly  the  nor- 
mal standard. 

Duration  of  Pregnane?/. — The  duration  of  pregnancy,  dating  from  a  fruitful  inter- 
course, must  be  considered  as  variable,  within  certain  limits.  The  method  of  calculation 
most  in  use  by  obstetricians  is,  to  date  from  the  end  of  the  last  menstrual  period.  Dr. 
Matthews  Duncan,  who  has  made  quite  a  number  of  observations  upon  this  point,  states 
that  the  278th  day  after  the  end  of  the  last  menses  is  the  average  day  of  delivery ;  but 
he  admits  that  his  method  of  calculation  is  rough,  though  he  cannot  find  any  that  is  more 
reliable.  The  observations  upon  which  this  opinion  is  based  are  the  following :  The  day 
was  predicted  in  153  cases ;  in  10  cases,  confinement  occurred  on  the  exact  day :  in  80 
cases,  the  confinement  occurred  sooner,  presenting  an  average  of  T  days  for  each  case ; 
and,  in  63  cases,  the  confinement  occurred  latei',  presenting  an  average  of  8  days  for  each 
case.  The  great  difficulty  in  predicting  the  exact  time  of  confinement,  which  is  very 
important  in  practice,  is  mainly  due  to  the  comparatively  small  number  of  reliable  obser- 
vations in  which  the  pregnancy  can  be  dated  from  a  single  intercourse  or  from  intercourse 
occurring  within  two  or  three  days.  We  have  received  from  Prof.  Fordyce  Barker  the 
following  very  interesting  account  of  a  case  in  which  this  observation  was  made  in  his 
own  practice :  A  lady,  concerning  whom  there  could  be  no  suspicion  of  inaccuracy,  resid- 
ing in  New  York,  received  a  visit  from  her  husband,  after  a  long  interval  of  absence. 
He  arrived  in  this  city  from  New  Orleans,  remained  thirty-six  hours,  and  then  went  to 
Europe,  where  he  remained  for  four  months.  Exactly  298  days  from  the  date  of  the 
first  visit  of  the  husband,  the  lady  was  confined  and  delivered  by  Prof.  Barker.  This 
occurred  in  1852.  Taking  into  account  the  various  cases  which  are  quoted  by  authors, 
in  which  conception  has  been  supposed  to  follow  a  single  coitus,  there  appears  to  be  a 
range  of  variation  in  the  duration  of  pregnancy  of  no  less  than  40  days,  the  extremes 
being  260  and  300  days. 

In  the  very  interesting  observations  of  Knndrat  and  Engelmann,  upon  the  changes  of 
the  uterine  mucous  membrane  during  menstruation,  to  which  we  have  already  referred, 
the  idea  is  advanced  that  pregnancy  dates  really  from  a  menstrual  period  which  is  pre- 
vented, as  far  as  a  discharge  of  blood  is  concerned,  by  fecundation  of  an  ovum,  and  not 
from  the  period  immediately  preceding,  in  which  the  flow  takes  place.  If  we  adopt  this 
view,  the  changes  in  the  mucous  membrane  of  the  uterus  ordinarily  terminate  in  a  fatty 
degeneration  of  the  vascular  walls,  which  results  in  a  capillary  hromorrhage ;  if,  how- 
ever, an  ovum  be  fecundated,  these  changes  do  not  pass  into  fatty  degeneration,  but 
advance  to  an  hypertrophy,  which  is  the  first  stage  in  the  formation  of  the  decidua.  The 
arguments  in  opposition  to  this  method  of  calculating  the  duration  of  pregnancy  are  the 
following  :  The  time,  with  relation  to  the  menstrual  flow,  at  which  an  ovum  is  discharged 
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has  not  been  accurately  detoriniried ;  and  it  is  cortuin  that  ovulation  i'roquently  does  not 
take  place  until  after  tlie  How  of  blood  hns  been  established.  This  question  wo  have 
fully  considered  in  a  previous  chapter.  It  is  probable,  also,  tiiat  intercourse  is  most  liable 
to  be  followed  by  fecundation,  when  it  occurs  just  alter  the  cessation  of  a  menstrual 
period,  and  wiien  the  fonude  often  presents  unusual  sexual  excitement;  ljut  it  is  true  that 
fecundation  nuiy  follow  intercourse  at  any  time.  If  we  admit  that  fecundation  dates 
more  nearly  from  a  menstrual  period  prevented  than  from  the  last  apijenrunce  of  the 
flow,  it  would  be  necessary  to  assume  that  ovulation  usually  takes  place  before  the  flow, 
and  fecundation  would  be  most  liable  to  follow  intercourse  occurring  at  that  time;  for 
we  could  hardly  admit  that  an  ovum,  fecundated  at  the  cessation  of  a  menstrual  period, 
could  remain  in  the  generative  passage  of  the  female  for  two  or  three  weeks,  before  the 
mucous  membrane  of  the  uterus  is  prepared  for  its  reception.  These  facts  are  so  sti'ong, 
that  the  view  entertained  by  Kundrat  and  Engelmann  cannot  yet  be  adopted  without 
reserve. 

As  regards  the  practical  applications  of  calculations  of  the  probable  duration  of  preg- 
nancy in  individual  cases,  we  must  recognize  the  fact  that  the  duration  is  variable.  If 
we  date  from  the  end  of  the  last  menstrual  period,  we  may  adopt  the  average  of  278 
days,  a  little  more  than  nine  calendar  months.  If  wo  adopt  the  view  that  pregnancy 
dates  from  a  menstrual  period  whicli  has  been  prevented,  the  duration  of  intra-uterine 
life  would  be  about  250  days. 

Size,  Weight,  and  Position  of  the  FcRtus.—ThQ  estimates  of  writers  with  regard  to  the 
size  and  weight  of  the  embryon  and  foetus  at  different  stages  of  intra-uterine  life  present 
very  wide  variations ;  still,  it  is  important  to  have  an  approximate  idea,  at  least,  upon 
these  points,  and  we  shall  adopt  the  figures  given  by  Scanzoni,  as  presenting  fair  aver- 
ages. As  the  measurements  and  weights  are  simply  approximative^  the  slight  differ- 
ences between  the  German  and  the  English  standards  are  not  important.  It  will  be 
useful,  also,  to  give,  as  is  done  by  Scanzoni,  a  review  of  the  general  development  of  the 
organs  at  different  stages. 

At  the  third  week,  the  embryon  is  from  two  to  three  hnes  in  length.  This  is  about 
the  earliest  period  at  which  measurements  have  been  taken  in  the  normal  state. 

At  the  seventh  week,  the  embryon  measures  about  nine  lines.  Points  of  ossification 
have  appeared  in  the  clavicle  and  the  lower  jaw;  the  Wolffian  bodies  are  large ;  the 
pedicle  of  the  umbilical  vesicle  is  very  much  reduced  in  size  ;  the  internal  oi-gans  of  gen- 
eration have  just  appeared;  the  liver  is  of  large  size  ;  the  lungs  present  several  lobules. 

At  the  eighth  week,  the  embryon  is  from  ten  to  fifteen  lines  in  length.  The  lungs 
begin  to  receive  a  small  quantity  of  blood  from  the  pulmonary  arteries;  the  external 
organs  of  generation  have  appeared,  but  it  is  difficult  to  determine  the  sex  ;  the  abdomi- 
nal walls  have  closed  over  in  front. 

At  the  third  month,  the  embryon  is  from  two  to  two  and  a  half  inches  long  and 
weighs  about  one  ounce.  The  amniotic  fluid  is  then  more  abundant,  in  proportion  to  the 
size  of  the  embryon,  than  at  any  other  period.  The  umbiUcal  cord  begins  to  be  twisted ; 
the  various  glandular  organs  of  the  abdomen  appear ;  the  pupillary  membrane  is  formed ; 
the  limitation  of  the  placenta  has  become  distinct.  At  this  time,  the  upper  part  of  the 
embryon  is  relatively  much  larger  than  the  lower  portion. 

At  the  end  of  the  fourth  month,  the  embryon  becomes  the  foetus.  It  is  then  trom 
four  to  five  inches  long  and  weighs  about  five  ounces.  The  muscles  begin  to  mamtest 
contractility;  the  eyes,  mouth,  and  nose  are  closed;  the  gall-bladder  is  just  developed  ; 
the  fontanelles  and  sutures  are  wide.  •  i  <■ 

At  the  fifth  month,  the  foetus  is  from  nine  to  twelve  inches  long  and  weighs  from 
five  to  nine  ounces.  The  hairs  begin  to  appear  on  tlie  head  ;  tlie  liver  begins  to  secret^, 
bile,  and  the  meconium  appears  in  the  intestinal  canal ;  the  amnion  is  m  contact  with 
the  chorion. 
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At  the  sixth  month,  the  fcBtiis  is  from  eleven  to  fom-teou  inches  long  and  weighs 
from  one  and  a  half  to  two  pounds.  If  the  foetus  bo  delivered  at  this  time,  lite  may  con- 
tinue for  a  few  moments ;  the  bones  of  the  head  are  ossified,  hut  the  fontanelles  and 
sutures  are  still  wide  ;  the  prepuce  has  appeared  ;  the  testicles  have  not  descended. 

At  the  seventh  month,  the  foetus  is  from  fourteen  to  fifteen  inches  long  and  weighs 
from  two  to  three  pounds.  The  hairs  are  longer  and  darker  ;  the  pupillary  memhrane 
disappears,  undergoing  atrophy  from  the  centre  to  the  periphery  ;  the  relative  quantity 
of  the  amniotic  fluid  is  diminished,  and  the  foetus  is  not  so  free  in  the  cavity  of  the 
uterus  ;  the  foetus  is  now  viable. 

At  the  eighth  month,  the  foetus  is  from  fifteen  to  sixteen  inches  long  and  weighs  from 
three  to  four  pounds.  The  eyelids  are  opened  and  the  cornea  is  transparent ;  the  pupil- 
lary membrane  has  disappeared ;  the  left  testicle  has  descended ;  the  umbilicus  is  at 
about  the  middle  of  the  body,  the  relative  size  of  the  lower  extremities  having  increased. 

At  the  ninth  month,  the  foetus  is  about  seventeen  inches  long  and  weighs  from  five  to 
six  pounds.  Both  testicles  have  usually  descended,  but  the  tunica  vaginahs  still  commu- 
nicates with  the  peritoneal  cavity. 

At  birth,  the  infant  weighs  a  little  more  than  seven  pounds,  the  usual  range  being 
from  four  to  ten  pounds,  though  these  limits  are  sometimes  exceeded. 

The  position  of  the  foetus,  in  the  great  majority  of  cases,  excluding  abnormal  presenta- 
tions, is  with  the  head  downward ;  and  why  this  is  the  usual  and  the  normal  position,  is  a 
question  which  has  been  the  subject  of  much  discussion.  As  we  have  just  seen,  in  the 
early  stages  of  pregnancy,  the  foetus  floats  quite  freely  in  the  amniotic  fluid.  Upon  this 
point,  Dr.  Matthews  Duncan  has  made  the  following  interesting  experiments :  Securing 
the  limbs  of  the  foetus  in  the  natm'al  position  which  it  assumes  in  utero,  by  means  of 
threads,  and  immersing  it  in  a  solution  of  salt  of  nearly  its  own  specific  gravity,  he  found 
that  it  naturally  gravitated  to  nearly  the  normal  position,  with  the  head  downward.  It 
is  probable,  judging  from  these  observations,  that  the  natural  gravitation  of  the  head  and 
of  the  upper  part  of  the  foetus  is  the  determining  cause  of  the  ordinary  position  in  utero. 

The  shape  of  the  uterus  at  full  term  is  ovoid,  the  lower  portion  being  the  narrower. 
The  foetus  has  the  head  slightly  flexed  upon  the  sternum,  the  arms  flexed  upon  the  chest 
and  crossed,  the  spinal  column  curved  forward,  the  thighs  flexed  upon  the  abdomen,  the 
legs  slightly  flexed  and  usually  crossed  in  front,  and  the  feet  flexed  upon  the  legs,  with 
their  inner  margin  drawn  toward  the  tibia.  This  is  the  position  in  which  the  foetus  is 
best  adapted  to  the  size  of  the  uterine  cavity,  and  in  which  the  expulsive  force  of  the 
uterus  can  he  most  favorably  exerted,  both  as  regards  the  foetus  and  the  generative  pas- 
sages of  the  mother. 

Multiple  Pregnancy. — It  is  not  very  rare  to  observe  two  children  at  a  birth,  and  cases 
are  on  record  where  there  have  been  four  and  even  five,  though  in  these  latter  instances 
the  children  generally  survive  but  a  short  time,  or,  as  is  more  common,  abortion  takes 
place  during  the  first  months.  Three  at  a  birth,  though  rare,  has  been  often  observed  ; 
and  we  have  in  mind  at  this  moment  a  case  of  three  females,  triplets,  all  of  whom  lived 
past  middle  age. 

In  cases  of  twins,  it  is  an  interesting  question  to  determine  whether  the  development 
always  takes  place  from  two  ova,  or  whether  a  single  ovum  may  be  developed  into  two 
beings.  In  the  majority  of  cases,  twins  are  of  the  same  sex,  though  sometimes  they  are 
male  and  female.  In  some  cases,  there  are  two  full  'sets  of  membranes,  each  foetus  hav- 
ing its  distinct  decidua,  placenta,  and  chorion  ;  in  others,  there  is  a  single  chorion  and  a 
double  amnion  ;  but,  in  some,  both  foetuses  are  enclosed  in  the  same  amnion.  As  a  rule, 
the  two  placentas  are  distinct ;  but  sometimes  there  is  a  vascular  communication  between 
them,  or  what  appears  to  be  a  single  placenta  may  give  origin  to  two  umbilical  cords. 
If  there  be  but  a  single  chorion  and  amnion  and  a  single  placenta,  it  has  been  thought 
that  the  two  beings  are  developed  from  a  single  ovum ;  otherwise,  it  would  be  necessary 
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to  assume  that  tlioro  wore  originally  two  sets  of  membranes,  which  had  become  fused 
into  one.  The  instances  on  record,  one  of  which  we  have  given,  of  twins,  one  white  and 
the  other  black,  show  conclusively  that  two  ova  may  he  developed  in  the  uterus  at  the 
same  time.  Wliile  there  can  be  no  doubt  upon  this  point,  the  question  of  the  ])0S8il)ility 
of  the  development  of  two  beings  from  a  single  ovum  remains  unsettled.  It  is  thouglit 
to  be  more  difficult  to  understand  how  two  conjoined  monsters,  like  the  celebrated 
Siamese  twins,  who  died  in  1874  at  the  ago  of  sixty-three  years,  could  be  developed 
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Fig  312.— The  Siamese  twins. 
VV  vena  cava  -  VP  VP  portal  vein;  «,  upper  hepatic  pouch  of  Chang ;  ^  Peritoneal,  or  umbilical  pouch  of  E^^^^^ 
iowe,%Tftoneai;  or  umbmcal  pouch  of  Ching;  D,  D,  connecting  Uver-band  ;  e,  lower  border  of  the  band  ,/,  upper 
border  of  the  band. 

from  two  ova  which  became  fused,  than  to  imagine  the  development  of  two  beings  from 
a  single  ovum.  This  question,  however,  belongs  to  teratology  and  could  be  settled  onlj- 
by  observations  of  conjoined  monsters  very  early  in  their  development,  which  do  not 

exist  in  literature.  -u-  i  ti  f 

As  pathological  conditions,  we  have  extra-uterine  pregnancies,  in  which  the  fecun- 
dated ovum,  forming  its  attachments  in  the  Fallopian  tube  (Fallopian  pregnancy)  or  within 
the  abdominal  cavity  (abdominal  pregnancy),  undergoes  a  certain  degree  of  development. 
The  uterus  usuaUy  enlarges,  in  these  instances,  and  forms  an  imperfect  decidua. 

Cause  of  the  First  Contractions  of  the  Uterus  in  Normal  Farturition. -The  cause 
of  the  first  contraction  of  the  uterus  in  normal  parturition  is  nndoubtedly  referable  to 
some  change  in  the  attachment  of  its  contents,  which  causes  the  foetus  and  its  membranes 
to  act  as  a  foreign  body.  When,  for  any  reason,  it  is  advisable  to  cause  the  uterus  to 
expel  its  contents  before  the  full  term  of  pregnancy,  the  most  physiological  method  ot 
bringing  on  the  contractions  of  this  organ  is  to  cautiously  separate  a  portion  ot  the  mem- 
branes, as  is  often  done  by  introducing  an  elastic  catheter  between  the  ovum  and  he 
nterine  wall.  A  certain  time  after  this  operation,  the  uterus  contracts  to  expel  the  ovum, 

which  then  acts  as  a  foreign  body.  „  ,    j    •  i  „„,i 

In  the  normal  state,  toward  the  end  of  pregnancy,  the  cells  of  the  decidua  vera  and 
of  that  portion  of  the  placenta  which  is  attached  to  the  uterus  undergo  f^itty  degenera- 
tion, and,  in  this  way,  there  is  a  gradual  separation  of  the  outer  membrane,  so  that  the 
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contents  of  the  uterus  gradually  lose  their  anatomical  connection  witli  the  mother.  When 
this  change  has  progressed  to  a  certain  extent,  the  uterus  hogins  to  contract;  each  con- 
traction then  separates  the  membranes  more  and  more,  the  most  dependent  part  pressing 
upon  the  os  internum ;  and  the  subsequent  contractions  are  probably  due  to  reflex  action. 
The  first  "  pain  "  is  induced  by  the  presence  of  the  foetus  and  its  membranes  as  a  foreign 
body,  a  mechanism  similar  to  that  which  obtains  when  premature  labor  has  been  brought 
on. by  separation  of  the  membranes. 

We  shall  not  describe  the  mechanism  of  parturition,  although  this  is  entirely  a  physi- 
ological process,  for  the  reason  that  it  is  necessarily  considered  elaborately  in  works  upon 
obstetrics.  The  first  contractions  of  the  uterus,  by  pressing  the  bag  of  waters  against 
the  OS  internum,  gradually  dilate  the  cervix;  the  membranes  usually  rupture  when  the  os 
is  pretty  fully  dilated,  and  the  amniotic  fluid  is  discharged  ;  the  head  then  presses  upon  the 
outlet;  and,  the  uterine  contractions  becoming  more  and  more  vigorous  and  efficient,  the 
child  is  brought  into  the  world,  this  being  followed  by  the  expulsion  of  the  membranes  and 
placenta.  There  then  follows  a  tonic  contraction  of  the  muscular  walls  of  the  uterus, 
which  becomes  a  hard,  globular  mass,  easily  felt  through  the  flaccid  abdominal  walls. 
The  very  contractions  of  the  muscular  fibres  of  the  uterus  which  expel  the  fo3tus  close 
the  vessels  ruptured  by  the  separation  of  the  placenta  and  arrest  the  htemorrhage  from 
the  mother.  The  changes  which  then  take  place  in  the  respiration  and  the  circulation 
of  the  infant  have  been  fully  considered  in  connection  with  the  development  of  the  circu- 
latory system. 

Intolution  of  the  Uterus. — At  from  four  to  six  days,  and  seldom  later  than  eight  days 
after  parturition,  the  uterus  has  sensibly  advanced  in  the  process  of  involution ;  and  it  is 
then  gradually  reduced  to  the  size  and  structure  which  it  presents  during  the  non-preg- 
nant condition,  though  it  never  becomes  quite  as  small  as  in  the  virgin  state.  The  new 
mucous  membrane,  which  has  been  developing  during  the  latest  periods  of  pregnancy, 
becomes  perfect  at  about  the  end  of  the  second  month  after  delivery.  It  has  then  united, 
at  the  OS  internum,  with  the  mucous  membrane  of  the  neck,  which  does  not  participate 
in  the  formation  of  the  decidua.  The  muscular  fibres,  after  parturition,  present  granules 
and  globules  of  fat  in  their  substance,  and  are  gradually  reduced  in  size,  as  the  uterus 
becomes  smaller.  Their  involution  is  complete  at  about  the  end  of  the  second  month. 
During  the  first  month,  and  particularly  within  the  first  two  weeks  after  delivery,  there 
is  a  sero-sanguinolent  discharge  from  the  uterus,  which  is  due  to  disintegration  of  the 
blood  and  of  the  remains  of  the  membranes  in  its  cavity,  this  debris  being  mixed  with  a 
certain  amount  of  sero-mucous  secretion.  This  discharge  constitutes  the  lochia,  which 
are  at  first  red,  hut  become  paler  as  they  are  reduced  in  quantity  and  disappear. 

During  lactation,  the  processes  of  ovulation  and  menstruation  are  usully  arrested, 
though  this  is  not  always  the  case.  In  treating  of  secretion,  we  have  given  a  full  descrip- 
tion of  the  vernix  caseosa,  and  we  have  also  stated  what  is  known  with  regard  to  the 
properties  and  composition  of  the  urine  of  the  fffitus. 

Meconium— Ai  about  the  fifth  month,  there  appears  a  certain  amount  of  secretion  in 
the  intestinal  canal,  which  becomes  more  abundant,  particularly  in  the  large  intestine,  as 
development  advances.  This  is  rather  light-colored  or  grayish  in  the  upper  portion  of 
the  small  intestine,  becoming  yellowish  in  the  lower  portion,  and  is  of  a  dark-greenish 
color  in  the  colon.  The  dark,  pasty,  adhesive  matter,  which  is  discharged  from  the  rec- 
tum soon  after  birth,  is  called  the  meconium. 

The  meconium  appears  to  consist  of  a  thick,  mucous  secretion,  with  numerous  grayish 
granules,  a  few  fatty  granules,  intestinal  epithelium,  and,  frequently,  crystals  of  clioleste- 
rine.  ^  The  color  seems  to  be  due  to  granulations  of  the  coloring  matter  of  the  bile,  but 
the  biliary  salts  cannot  be  detected  in  the  meconium  by  Pettenkofer's  test.  The 'con- 
stituent of  the  meconium  which,  in  our  own  observations,  we  have  found  to  possess  the 
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-Vholc'^terine  extracted  from  meconium  , 
inch  objective. 


greatest  physiological  importance,  is  chplesteriiie.  Although  hut  low  crystals  of  cho- 
lestorino  are  found  upon  microscopical  examination,  the  simplest  processes  for  its  ex- 
traction will  reveal  the  presence  of  this 
principle  in  large  (luantity.  In  a  specimen 
of  meconium  in  wliich  we  made  a  (juantita- 
tive  examination,  the  i)roportion  of  choles- 
torine  was  G'245  parts  per  1,000.  It  is  a 
significant  fact,  that  the  meconium  contains 
cholesterine  and  no  stercorine,  the  sterco- 
rine,  in  the  adult,  resulting  from  a  trans- 
formation of  cholesterine  by  the  digestive 
tiiiids,  which  are  j)robahly  not  secreted  dur- 
ing intra-uterine  life. 

None  of  the  secretions  concerned  in  di- 
gestion appear  to  be  produced  in  utero,  and 
it  is  also  probable  that  the  true  biliary  salts 
are  not  formed  at  that  time ;  but  we  know 
that  the  jjrocesses  of  disassimilation  and 
excretion  are  then  active,  and  the  choles- 
terine of  the  meconium  is  the  product  of  the 
excretory  action  of  the  liver.  The  relations 
of  cholesterine  as  an  excrementitious  principle  have  already  been  very  fuUy  discussed,  in 
connection  with  the  bile  and  with  excretion. 

Dei'tral  Preeminence.— The  curious  fact,  that  most  persons  by  preference  use  the 
right  arm,  leg,  eye,  etc.,  instead  of  the  left,  while,  as  exceptions,  some  use  the  left  in 
preference  to  the  right,  has  excited  a  great  deal  of  discussion,  even  among  the  earlier 
writers.  There  can  be  no  doubt  with  regard  to  the  fact  of  a  natural  dextral  pre- 
eminence; and,  also,  that  left-handedness  is  congenital,  difficult,  if  not  impossible,  to 
correct  entirely,  and  not  due  sunply  to  habit.  It  would  appear  that  there  must  be  some 
condition  of  organization,  which  produces  dextral  preeminence  in  the  great  majority  of 
persons,  and  left-handedness,  as  an  exception  ;  but  what  this  condition  is,  it  is  very  diffi- 
cult to  determine.  An  explanation,  very  often  offered  by  anatomists,  is,  that  the  right 
subclavian  artery  arises  nearer  the  heart  than  the  left,  that  the  right  arm  is  therefore 
better  supplied  with  arterial  blood,  develops  more  fully,  and  is,  consequently,  generally 
iised  in  preference  to  the  left;  but  we  cannot  explain  the  exceptional  predominance  of 
the  left  hand  by  an  inversion  of  this  arrangement  of  vessels. 

The  most  important  anatomical  and  pathological  facts  bearing  npon  the  question 
imder  consideration  are  the  following :  Dr.  Boyd  has  shown  that  the  left  side  of  the  brain 
almost  invariably  exceeds  the  right  in  weight,  by  about  one-eighth  of  an  ounce.  In 
aphasia,  the  lesion  is  almost  always  on  the  left  side  of  the  brain.  These  facts  pmnt  to  a 
predommance  of  the  left  side  of  the  brain,  which  presides  over  the  movements  of  the 
right  side  of  the  body.  Again,  a  few  cases  of  aphasia  with  left  hemiplegia,  the  lesion 
being  on  the  right  side  of  the  brain,  have  been  reported  as  occurrmg  in  left-handed  per- 
sons.   These  points  we  have  noted  in  treating  of  the  nervous  system.  _  _ 

Dr.  Ogle,  in  a  recent  paper  on  right-handedness,  gives  several  instances  of  aphasia  in 
left-handed  persons,  in  which  the  brain-lesion  was  on  the  right  side.  In  two  left-handed 
individuals,  the  brain  was  examined  and  compared  with  the  brain  of  right-handed  per- 
sons. It  was  found  that  the  brain  was  more  complex  on  the  left  side  in  the  right- 
handed,  and  on  the  right  side  in  the  left-handed.  In  the  discussion  which  followed  the 
presentation  of  this  i)aper,  Dr.  Charlton  Bastian  stated  that  he  had  found  "le  gray  mat. 
ter  of  the  brain  to  be  generally  heavier  on  the  left  than  on  the  right  side.  With  regard 
to  the  cause  of  the  superior  development  of  the  left  side  of  the  brain,  the  only  explana- 
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tion  offered  was  tlio  fact  tliat  the  arteries  going  to  the  left  side  are  usually  larger  than 
those  on  the  right.  There  were  no  observations  with  regard  to  tlie  comparative  size  of 
the  arteries  upon  the  two  sides  in  left-handed  persons. 

Eeasoning  from  the  facts  just  stated.  Dr.  Ogle  conceives  that  dcxtral  preeminence 
_  depends  upon  a  natural  predominance  of  the  left  side  of  the  brain,  the  reverse  obtaining 
in  the  left-handed.  This  view  seems  to  afford  the  most  rational  explanation  of  dextral 
preeminence.  It  is  generally  true  that  the  members  on  tlie  right  side  are  stronger  thau 
the  left,  particularly  the  arm ;  but  this  is  not  always  the  case,  even  in  the  right-handed. 
A  not  inconsiderable  practical  experience  in  athletic  exercises  has  led  us  to  observe  that 
the  right  hand  is  more  conveniently  and  easily  used  than  the  left,  from  which  fact  we 
derive  the  term  3exterity;  but  that  the  left  arm  is  often  stronger  than  the  right.  In 
many  feats  of  strength,  the  left  arm  appears  less  powerful  than  the  right,  because  we 
have  less  command  over  the  muscles.  As  a  single  illustration  of  this,  we  may  mention 
the  feat  of  drawing  the  body  up  with  one  arm,  which  requires  unusual  strength,  but  very 
little  dexterity.  In  a  number  of  right-handed  persons,  we  find  many  who  perform  this 
feat  more  easily  with  the  left  arm,  and  not  a  few  who  can  accomplish  it  with  the  left 
arm  and  not  with  the  right.  "When  we  come  to  the  cause  of  the  superior  development 
of  the  left  side  of  the  brain,  we  must  confess  that  the  anatomical  explanation  is  not 
entu-ely  satisfactory.  "We  can  only  say  that  the  two  sides  of  the  brain  are  generally  not 
exactly  equal  in  their  development,  the  left  side  being  usually  superior  to  the  right,  and 
that  we  ordinarily  use  the  muscles  of  the  riglit  side  of  the  body  in  preference  to  those 
of  the  left  side. 

Development  after  Birth,  Ages,  and  Death. 

"When  the  child  is  born,  the  organs  of  special  sense  and  the  intelligence  are  dull ; 
there  is  then  very  little  muscular  power ;  and  the  new  being,  for  several  weeks,  does  lit- 
tle more  than  eat  and  sleep.  The  natm-al  food  at  this  time  is  the  milk  of  the  mother,  and 
the  digestive  fluids  do  not,  for  some  time,  possess  the  varied  solvent  properties  that  we 
find  in  the  adult,  though  observations  upon  the  secretions  of  the  infant  are  few  and 
rather  unsatisfactory.  The  full  activity  of  pulmonary  respiration  is  gradually  and  slowly 
established.  Young  animals  appropriate  a  comparatively  small  quantity  of  oxygen,  and, 
just  after  birth,  they  present  a  much  greater  power  of  resistance  to  asphyxia  than  the  adult. 
The  power  of  maintaining  the  animal  temperature  is  also  much  less  in  the  newly-born. 
The  process  of  ossification,  development  of  the  teeth,  etc.,  have  already  been  considered. 
The  hairs  are  shed  and  replaced  by  a  new  growth  a  short  time  after  birth.  The  fonta- 
nelles  gradually  diminish  in  size  after  birth,  and  they  are  completely  closed  at  tlie  age  of 
about  four  years. 

The  period  of  life  which  dates  from  birth  to  the  age  of  two  years  is  called  infancy 
At  the  age  of  two  years,  the  transition  takes  place  from  infancy  to  childhood.  The 
child  is  now  able  to  walk  without  assistance,  the  food  is  more  varied,  and  the  digestive 
operations  are  more  complex.  The  special  senses  and  the  intelligence  become  more 
acute,  and  the  being  begins  to  learn  how  to  express  ideas  in  language.  The  child  gradu- 
ally develops,  and  the  milk-teeth  are  replaced  by  the  permanent  teeth.  At  puberty, 
which  begins  at  from  the  fourteenth  to  the  seventeenth  year— a  little  earlier  in  the 
female— the  development  of  the  generative  organs  is  attended  with  important  physical 
and  moral  changes. 

The  different  ages  recognized  by  the  older  writers  were  as  follows :  Infancy,  from 
birth  to  the  age  of  five  years;  adolescence,  or  youth,  to  the  twenty-fifth  year; 'adult 
age,  to  the  thirty-fifth  year ;  middle  life,  to  the  fiftieth  year ;  old  ago,  to  the  sixtieth 
year ;  and  then,  extreme  old  &ge.  A  man  may  be  regarded  at  his  maximum  of  intellect- 
ual and  physical  development  at  about  the  age  of  thirty-five,  and  he  begins  to  decline 
after  the  sixtieth  year,  although  such  a  rule,  as  regards  intellectual  vigor,  would  cer- 
tainly meet  with  numerous  exceptions. 
60 
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"We  do  not  propose  to  consider,  in  this  connection,  tlie  psychological  variations  which 
occur  at  diflerent  ages,  but,  as  regards  the  general  process  of  nutrition,  it  may  be  stated, 
in  general  terms,  that  the  appropriation  of  new  matter  is  a  little  superior  to  disassimila- 
tion  up  to  about  the  age  of  twenty-five  years ;  between  twenty -five  and  forty-five,  these 
two  processes  are  nearly  equal ;  and,  at  a  later  period,  the  nutrition  does  not  completely 
supply  the  physiological  waste  of  the  tissues,  the  proportion  of  organic  to  inorganic 
matter  gradually  diminishes,  and  death  follows,  as  an  inevitable  consequence  of  life.  In 
old  age,  the  muscular  movements  gradually  become  feeble  ;  the  bones  contain  an  excess 
of  inorganic  matter ;  the  ligaments  become  stiff ;  the  special  senses  are  usually  obtuse ; 
and  there  is  a  diminished  capacity  for  mental  labor,  with  more  or  less  loss  of  the  memory 
and  of  intellectual  vigor.  It  is  a  curious  fact  that  remote  events  are  more  clearly  and 
easily  recalled  to  the  mind  in  old  age,  than  those  of  recent  occurrence ;  and,  indeed, 
early  impressions  and  prejudices  then  appear  to  be  unusually  strong. 

It  frequently  happens,  in  old  age,  that  some  organ  essential  to  life  gives  way,  and  that 
this  is  the  immediate  cause  of  death ;  or  that  an  old  person  is  striclcen  down  by  some 
disease  to  which  his  age  renders  him  peculiarly  liable.  It  is  so  infrequent  to  observe  a 
perfectly  physiological  life,  continuing  throughout  the  successive  ages  of  man,  that  it  is 
almost  impossible  to  present  a  picture  of  physiological  death  ;  but  we  sometimes  observe 
a  gradual  fading  away  of  vitality  in  old  persons,  who  die  without  being  affected  with  any 
special  disease.  It  is  also  difficult  to  fix  the  natural  period  of  human  life.  Some  per- 
sons die,  apparently  of  old  age,  at  seventy,  and  it  is  rare  that  life  is  preserved  beyond 
one  hundred  years.  In  treating  of  the  so-called  vital  point,  we  have  stated  that  there 
does  not  seem  to  be  any  such  occurrence,  except  under  conditions  of  most  extraordinary 
external  violence,  as  instantaueous  death  of  all  parts  of  the  organism.  If  we  confine 
ourselves  to  physiological  facts,  we  cannot  admit  the  existence  of  a  single  vital  principle 
which  animates  the  entire  organism.  Each  tissue  appears  to  have  its  peculiar  property, 
dependent  upon  its  exact  physiological  constitution,  which  we  call  vitality;  a  term 
which  really  explams  nothing.  The  tissues  usually  die  successively,  and  not  simulta- 
neously, nearly  aU  of  them  being  dependent  upon  the  circulating,  oxygen-carrying  blood 
for  the  mamtenance  of  their  physiological  properties.  It  has  been  demonstrated,  in- 
deed, that  the  so-called  vital  properties  of  tissues  may  be  restored,  after  apparent  death, 
by  the  injection  of  blood  into  their  vessels. 

After  death,  there  is  often  a  discharge  of  the  contents  of  the  rectum  and  bladder, 
and  parturition,  even,  has  been  known  to  take  place.  The  appearance  which  indicates 
growth  of  the  beard  after  death  is  probably  due  to  shrinHng  of  the  skm  and,  perhaps, 
contraction  of  the  smooth  muscular  fibres  attached  to  the  hair-folhcles.  The  most 
important  phenomenon,  however,  which  is  observed  before  putrefaction  begms,  is  a  gen- 
eral rigidity  of  the  muscular  system. 

Cadaveric  i?.>-^«2/.-At  a  variable  period  after  death,  ranging  usually  from  five  to 
seven  hours,  all  of  the  muscles  of  the  body,  involuntary  as  wel  as  voluntary,  become 
rigid  and  can  only  be  stretched  by  the  application  of  considerable  force.  Sometimes 
especially  after  long-continued  and  exhausting  diseases,  this  ngidity  appears  soon  as  a 
quarter  of  an  hour  after  death.  In  the  case  of  persons  killed  ^^^^^Jf  l^'/^^lV^^/^"  ^^^^^^^ 
it  may  not  be  developed  until  twenty  or  thirty  hours  after  dea«i,  and  ^  ^hen  — es 
for  six  or  seven  days.  .Its  average  duration  is  from  twenty-four  '^^^I'^-^J^^^ 
and,  as  a  rule,  it  is  more  marked  and  lasts  longer,  the  later  it  appear.  In  ^^^J™^^^ 
cad;veric  rigi^dity  appears  early  and  continues  for  a  short  time 

is  overcome  by  force  after  the  rigidity  has  been  completely  '^'^^^''^'^^^2^^^ 
for  some  time,  it  does  not  reappear.    The  rigidity  of  the  muscular  ^^^tem  extend^^^^^^ 
muscular  coats  of  the  arteries  and  the  lymphatics.    It  is  for  this  r^^^o^^  ^f^* 
system  is  usually  found  empty  after  death.    The  "gi^ity  first  appears  m  the  musck^ 
which  move  the  lower  jaw ;  then  it  is  noted  in  the  muscles  of  the  trunk  and  neck,  ex- 
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tends  to  the  ai-ms,  and  finally,  to  the  legs,  disappearing  in  the  same  order  of  succession. 
The  stiffening  of  the  muscles  is  duo  to  a  sort  of  coagulation  of  their  substance,  analogous 
to  the  coagulation  of  the  blood,  and  is  probably  attended  with  some  shortening  of  the 
fibres ;  at  all  events,  the  fingers  and  thumbs  are  generally  flexed.  That  the  rigidity  is 
not  due  to  coagulation  of  the  blood,  is  shown  by  the  fact  that  it  occurs  in  animals  killed 
by  hfemorrhage. 

According  to  John  Hunter,  the  blood  does  not  coagulate  nor  do  the  muscles  become 
rigid  in  animals  killed  by  hghtning  or  hunted  to  death ;  but  it  is  a  question,  in  these 
instances,  whether  the  rigidity  does  not  begin  very  soon  after  death  and  continue  for 
a  brief  period,  so  that  it  may  escape  observation.  As  a  rule,  rigidity  is  less  marked  in 
very  old  and  in  very  young  persons  than  in  the  adult.  It  occurs  in  paralyzed  muscles, 
provided  they  have  not  undergone  extensive  fatty  degeneration. 

Under  ordinary  conditions  of  heat  and  moisture,  as  the  rigidity  of  the  muscular  sys- 
tem disappears,  the  processes  of  putrefaction  commence.  The  various  tissues,  with  the 
exception  of  certain  parts,  such  as  the  bones  and  teeth,  which  contain  a  large  proportion 
of  inorganic  matter,  gradually  decompose,  forming  water,  carbonic  acid,  ammonia,  etc., 
which  pass  into  the  earth  and  the  atmosphere.  The  products  of  decomposition  of  the 
organism  are  then  in  a  condition  in  which  they  may  be  appropriated  by  the  vegetable 
kingdom. 
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 coloring  matter  of.   448 

 mechanism  of  the  secretion  and  discharge  of  439 

 secretion  of,  by  the  liver-cells   439 

 secretion  of,  from  venous  or  arterial  blood  440 

 quantity  of   441 

 variations  In  the  flow  of   441 

 influence  of  digestion  upon  the  flow  of.  441 

 excretory  ftmction  of   450 

 general  properties  of   442 

 color,  reaction,  and  specific  gravity  of  442 

 composition  of.   442,448 

 excretory  and  secretory  constituents  of  443 

 inorganic  salts  of   448 

 fatty  and  saponaceous  constituents  of   443 

 cholesterlne  of   446 

 organic  salts  of.   280,444 

 tests  for   449 

Biliary  acids   444 

Biliary  fistula   278,281 

 nutrition  in  a  case  of   173 

 infiuenco  of,  upon  the  appetite  •  •  479 

Biliary  salts   280,444 

 absorption  of,  by  the  Intestinal  canal   284,  802 
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Biliary  salts,  origin  of  440 

 test  for   440 

Bilivordino   448 

 test  for   440 

Binocular  vision   602 

 fusion  of  colors   805 

Bitters,  Influence  of,  upon  the  appetite   172 

"Black-hole"  of  Calcutta   170 

Bladder,  urinary,  physiological  anotomy  of   407 

 muscular  coats  of   408 

 sphincter  of.   408 

 corpus  trigonum  40S 

 uvula  of   408 

 blood-vessels  of   408 

 lymphatics  of   400 

 contractions  of   400 

 absorption  by   817 

 mucus  of   857 

 first  appearance  of  907,  920 

Blastoderm,  formation  of  the  cells  of   899 

Blastodermic  membranes   900,  918 

Blepharoptosis   611,  812 

BUnd  spot  of  the  retina   792 

Blood,  general  considerations   1 

 extra- vascular  tissues   1 

 eflfects  of  abstraction  and  subsequent  return  of. .  1 

 transfusion  of   2 

 quantity  of   2 

 relative  quantity  of,  in  animals  during  digestion 

ond  fasting  '  4 

 Influence  of  abstinence  bom  food  upon  the  quan- 
tity of   * 

 opacity  of   4 

 odor  of,  and  development  of  odor  of;  by  sul- 
phuric acid   4 

 taste  of   * 

 reaction  of   4 

 speciflo  gravity  of   4 

 temperature  of.  .'   ^ 

 color  of   5, 155 

 variations  in  tho  color  oi;  in  the  vascular  system  5, 155 

 color  of,  in  veins  coming  from  glands —  6,  844,  W7 

 anatomical  elements  (corpuscles)  of   6 

 plasma  of,  or  liquor  sanguinis   " 

 specific  gravity  of  tho  plasma  of  

 rod  corpuscles  of   " 

 specific  gravity  of  the  red  corpuscles  of   T 

 discovery  of  the  red  corpuscles  of   8 

 size  of  the  red  corpuscles  of   8 

 relations  of  tho  size  of  the  red  corpuscles  o^  to 

muscular  activity  in  different  animals   9 

 table  of  measurements  of  the  red  corpuscles  of, 

In  diflerent  animals  

 enumeration  of  tho  red  corpuscles  of   10 

 post-mortem  changes  In  the  red  corpuscles  of. . .  11 

 method  for  restoring  tho  form  of  tho  red  cor-  " 

puscles  of,  after  their  desiccation   H 

 structure  of  the  red  corpuscles  of.   12 

 development  of  the  red  corpuscles  of   12,  981 

 red  corpuscles  of,  in  the  foetus  

 nucleated  corpuscles  of.   12,  981 

 relations  of  leucocytes  to  the  development  of  the 

red  corpuscles  of  •  " 

 theory  of  destruction  of  the  red  corpuscles  of, 

for  tho  production  of  pigment  •  •  •  •  • 

 relations  of  tho  spleen  to  tho  blood-corpusdos  18 

 function  of  the  red  corpuscles  of  18, 15B,  IW 

 capacity  of  tlie  red  corpuscles  of,  for  the  absorp- 

Hon  of  oxygen,  as  compared  irith  the  plasma,  18, 166, 160 
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Blood,  action  of  the  red  corpuscles  of,  as  respli-atory 

organs  

 leucocytes,  or  white  corpuscles  of   13 

 situations  in  which  leucocytes  are  found   14 

 appearance  and  characters  of  leucocytes   14 

 quantity  of  leucocj-tes  as  compai-od  with  that  of 

the  red  corpuscles   14 

 variations  in  the  proportions  of  leucocytes   14 

 proportion  of  leucocytes  in  the  blood  of  tho 

splenic  veins   15 

 specific  gravity  of  the  leucocytes  of   15 

 development  of  leucocytes   15 

 elementary  corpuscles  of   15 

 composition  of  the  red  corpuscles  of   16 

 analysis  of   19 

 table  of  composition  of  the  blood-plasma   19 

 proximate  principles  of   20 

 inorganic  principles  of   21 

 functions  of  water  iu   21 

 functions  of  chloride  of  sodium  in   21 

 functions  of  other  inorganic  salts  in    21 

 organic  saUne  principles  in   21 

 organic  non-nitrogenized  principles  in   21 

 excrementitiouB  matters  in   21 

 fats  and  sugars  in   22 

 organic  nitrogenized  principles  in   22 

 plasmine,  fibrin,  metalbumen,  and  serine  in   22 

 peptones  in   23 

 coloring  matter  of  the  plasma  of.   23 

 coagulation  of.   24 

 clot  and  serum  of   24 

 formation  of  the  clot  in   24 

 proportions  of  clot  and  serum    24 

 characters  of  the  clot  of   25 

 characters  of  the  serum  of   25 

 coagulatory  principle  of   25 

 circumstances  which  modify  coagulation  o^  out 

of  the  body   26 

 influence  of  temperature,  chemicals,  etc.,  upon 

the  coagulation  of   26 

 coagulation  of,  in  the  organism   26 

 coagulation  of,  in  animab  killed  by  lightnhig  or 

hunted  to  death   26 

 coagulation  of,  in  the  heart  and  vessels   2T 

 coagulation  of,  in  the  serous  cavities  and  in  the 

Graafian  follicles   2T 

 oflice  of  tho  coagulation  oi,  in  the  arrest  of 

hseraorrhage   2T 

 cause  of  the  coagulation  of   28 

 theory  that  coagulation  of,  is  due  to  the  evapora- 
tion of  ammonia   28 

 other  theories  of  the  coagulation  of   28 

 decomposition  of  plasmine  into  fibrin  and  metal- 
bumen   29 

 non-coagulation  of,  when  drawn  by  the  leech. . ,  SO 

 fibrillation  of  fibrin  in  coagulation  of   80 

 non-coagulation  of,  in  the  renal  and  hepatic  veins 

and  in  the  capillaries   80, 472 

 circulation  of  (see  Circulation)   81 

 function  of,  in  respiration   115 

 changes  in,  in  respiration  (see  Respiration)   155 

 difference  in  color  between  arterial  and  venous. .  155 

 absorption  of  oxygon  by  tho  red  corpuscles  of. .  156 

 gnscs  of   156 

 nitrogen  in   100 

 condition  of  tho  gases  in   160 

 general  differences  in  tho  composition  of  arterial 

and  venous   161 

 inflaenco  of  tho  condition  ot,  upon  absorption. . .  820 
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Blood,  Influence  of  tho  composition  and  pressure  of, 

upon  secretion   816 

 changes  of,  in  passing  through  the  kidnej'S   400 

 changes  in  tho  albuminoid  and  corpuscular  con- 
stituents of,  in  passing  through  tho  Uvcr   472 

 changes  in,  in  passing  through  the  spleen   477 

 relations  of,  to  muscular  irritability   037 

Blood-corpuscles,  development  of,  in  the  ovum   031 

Blood-vessels,  absorption  by   801 

 first  formation  of,  in  the  blastodermic  layers —  980 

Bones,  action  of  the  gastric  juice  upon   249 

 anatomy  of   648 

 fundamental  substance  of   544 

 Haversian  rods  of   544 

 Haversian  canals  of   544 

 lacunte  of   545 

 osteoplasts  and  canaliculi  of.   545 

 marrow  of   540 

 blood-vessels  of   547 

 periosteum   547 

 regeneration  of,  by  transplantation  of  periosteum  547 

Bone-corpuseles   545 

Bntal,  foramen  of   984 

Boys,  voice  of   556 

Brain,  circulation  in  106 

 contraction  and  expansion  o^  with  the  acts  of 

respiration   107,  668 

 peculiarity  of  the  small  vessels  of          107,  583,  COS 

 lymphatics  of   306 

 variations  in  the  quantity  of  blood  in   667 

 ganglia  of   688,690 

 weight  of  difl'erent  parts  of   689 

 difference  in  the  weight  of,  in  tho  sexes   689 

 differences  in  the  weight  of,  at  different  ages  690 

 specific  gravity  of   690 

 some  points  in  the  physiological  anatomy  of. . . .  690 

 directions  of  the  fibres  in   691 

 table  of  weights  of,  in  white  and  black  races   702 

 table  of  weights  of,  in  various  individuals   702 

- —  state  of  knowledge  concerning  tho  functions  of 
the  pineal  gland,  pituitary  body,  corpus  callosum, 

septum  lu^idimi,  ventricles,  and  hippocampi  of   728 

 rolling  and  turning  movements  following  injury 

of  certain  parts  of   728 

Branchial  arches   933 

Bread,  made  from  gluten   179 

Bread,  digestibility  of   251 

Breathing  capacity,  extreme   137 

Breschet,  perilymph  and  endolymph  of.  '   846 

Bronchial  arteries   121 

 mucus   356 

 tubes   113 

 tubes,  development  of   922 

Bronzed  skin   481 

Brunner,  glands  of   200, 267 

Buccal  glands   209 

Buccinator  muscle,  action  of,  in  mastication   205 

Bursse  mucosae   851 

 synovial   351- 

Butter   183 

 composition  of   874 

Butyrine   375 

Byron,  brain  of   702 

Cadaveric  rigidity   946 

Coicum   280 

 development  of   920 

Caffeine   189 

Caloriflcation  (see  Animal  heat)   506 
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Canals  of  Ouvler   988 

Oano-sugnr   18" 

Caulno  tooth   201 

Cftlciittn,  "blnck-holo"  of   ITO 

Cnpillarlos,  circulation  in   81 

._  [ihysiologicttl  anatomy  of   82 

 cpitlielium  of   82 

 stomata  in  tbo  walls  of   82 

 size  of   82 

 capacity  of  tlio  system  of.   84 

 couvso  of  blood  in   84, 8T 

 study  of  tho  circulation  In,  with  tho  microscope 

(note)   85 

 "still  layer"  in   80 

 circulation  in,  in  tho  Umgs   83 

 rapidity  of  tho  flow  of  blood  in   89 

 relations  of  the  circulation  in,  to  respu-ation   69 

 causes  of  the  circulation  in   90 

Capillary  attraction   823 

 blood,  non-coagulation  of.   30 

 power,  so-called  ■   90 

 influence  of  temperature  upon  the  circulation  in  91 

 influence  of  direct  Irritation  upon  tho  circula- 
tion in   91 

 phenomena  of  Inflammation  observed  in   92 

Capriline   875 

Caprine   875 

Caproine  •  •  •  375 

Capsicum   190 

Caput  coli     288 

Carbon,  quantity  of,  necessary  to  nutrition   192 

Carbonate  of  lime   495 

 table  of  quantities  of   496 

 origin  and  discharge  of   496 

 of  magnesia  •  497 

 of  potassa   497 

 of  soda,  function  of   496 

 of  soda,  origin  and  discharge  of   496 

Carbonic  acid,  small  proportion  of,  in  the  au-   140 

 relations  of  the  consumption  of  o.tygen  to  the 

production  of   14.3,153 

 exhalation  of,  in  respu'ation  {see  Kesphration) —  144 

 sources  of,  in  the  expired  ah-  153 

 analysis  of  the  blood  for   157 

 proportion  of,  in  the  blood   159 

 disengagement  of,  by  the  action  of  pnemnlo 

acid   153,160 

 condition  0^  in  the  blood   160 

 sources  of,  in  the  blood   100 

 action  of  the  phosphate  of  soda  upon  the  capacity 

of  absorption  of,  by  the  blood   160 

 effects  of  accumulation  of,  In  the  atmosphere —  169 

 in  milk   875 

 relations  of  the  production  of,  to  animal  heat  —  519 

Carbonic  oxide,  effects  of   141, 167, 169 

 use  of,  in  analysis  of  the  blood  for  oxygen. 

158,  160 

Cardiac  plo-TUS   ""SS 

Cardinal  veins   883 

Cardiometer   46,70 

Carotid  plexus   '^83 

Carotids,  development  of.   ^83 

Cartilage   W8 

 articular   851 

 cells  and  cavities  

 of  Meckel   919.  923 

Cartilaghie   1'^^ 

Caruncula   812 

■Caseino  . .    1".  874 


PilOE 

Oasoino,  vegetable   17!) 

- —  action  of  the  gastric  Juice  upon   246 

 action  of  reagents  upon   874 

 coagulation  of,  by  tho  Hiucous  membrane  of  tho 

stomach   874 

Casoine-poptone   246 

Casper  llauser,  case  of   803 

Castration,  effects  of,  upon  tho  voice   550 

Catelectrotonus   005 

Cavernous  ple-xus   733 

Cellulose   182 

Cement  of  the  teeth. . . .'.   199,  925 

Cephalo-rachidian  fluid   107,  067,  603 

 situation  of   107 

 quantity,  properties,  composition,  and  functions 

of.   663 

 effects  of  removal  of.   063 

Cereals   179,181,  188 

 proportion  of  fat  in   188 

Cerebellum,  weight  of   090,  706 

— -  physiological  anatomy  of   700 

 comparative  weight  of,  in  the  sexes   700 

 course  of  the  fibres  in   707 

 general  properties  of.   703 

 functions  of.   TOS 

 extirpation  of,  in  animals   709 

 ^  influence  of,  upon  muscular  coordination   709 

 recovery  of  coordinating  power  after  removal  of 

a  portion  of.   '^9 

 pathological  facts  bearing  upon  tho  function  of. .  712 

 analysis  of  Andral's  ninety-three  cases  of  disease 

of.   712 

 additional  cases  of  disease  of   715 

 connection  of,  with  the  generative  function  719 

 comparative  size  of,  m  stalUons,  mares,  and  geld- 

710 

mgs  

 movements  of  the  uterus,  testicles,  etc.,  follow- 
ing irritation  of   '^1' 

 comparative  development  o^  in  the  lower  ani- 


mals. 
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 development  of   917 

Cerebral  vesicles,  formation  of.   917 

Cerebrate  of  soda  

Cerebrio  acid   ^ 

Cerebrine  

Cerebro-spinal  axis,  general  arrangement  of. ;   666 

Cerebro-spinal fluid  (see  Cephalo-rachidian  fluid).  667,  663 

Cerebrum,  case  of  supposed  regeneration  of   585 

 weight  of.  ;   ™ 

 physiological  anatomy  of  (see  Brain)   692 

 motor  and  sensory  cells  of   ^93 

 general  properties  of   *'93 

 motor  centres  in    ®93 

 functions  of  

 extirpation  of,  in  animals   ^95 

 absence  of,  in  the  amphioxus  lanceolatus   696 

 absence  of  intellectual  faculties  in  animals  after 

removal  of  •  fj^ 

 pathological  facts  bearing  upon  tho  (Unctions  of  699 

 in  idiots....  ^ 

 comparative  development  of,  in  the  lower  am-  ^ 

mals  ■  ' 

 comparative  development  of,  in  different  races  of  ^ 

men  and  in  different  individuals   ™1 

 location  of  the  fiiculty  of  arUcuIate  language  m . .  704 

 development  of  

 development  of  the  convolutions  of  

 development  of  the  ventricles  of   "IS 

Cervix  uteri,  mucous  membrane  of  
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Cervix  uteri,  erectile  tissue  of.   S6T 

 action  of,  iu  coitus   890 

 production  of  mucus  by.  In  coitus  ; . .  891 

Cerumen   863 

Ceruminous  glands   860 

Cheelcg,  action  of,  in  mastication   204,  205 

Cheese   177 

 fl-om  peas  :   179 

Cliest-register   559 

Chick,  development  of.  912 

Childliood   945 

Chloride  of  potassiimi  ,   494 

Chloride  of  sodium,  f\mction  of,  in  alimentation. .  184,  191 

 table  of  quantities  of.   492 

 general  functions  of  492 

 effects  upon  animals  of  deprivation  of   493 

 origin  and  discharge  of   493 

Chlorides,  diminution  of,  in  the  urine  422 

Chocolate   190 

Choleio  acid   2S0, 444 

Cholesteriue   280 

 transformation  of,  into  stereorine   295 

 in  the  fieces  of  animals  in  starvation,  in  hibernat- 
ing animals,  and  in  the  meconium  295 

 in  the  bile   446 

 extraction  of.   447 

 origin  o^  by  disassimilation  of  the  nervous  tissue  451 

 comparative  quantity  of,  in  the  bood  going  to 

and  coming  from  the  brain   451 

 comparative  quantity  of,  in  the  blood  upon  the 

two  sides  of  the  bodj',  in  eases  of  hemiplegia  458 

 eUmination  of,  by  the  Uver   454 

 comparative  quantity  of,  in  the  blood  going  to 

and  coming  from  the  liver   455 

 proportion  of,  in  the  blood  in  cases  of  grave  and 

of  simple  icterus  457 

 proportion  of,  in  the  blood  in  cases  of  cirrhosis.  457 

 poisoning  by  injection  of,  into  the  blood   453 

Cholesteraemia   458 

ChoUcacid   280,444 

Chondrine   177,  648 

Chorda  dorsalis   913,914 

Chorda  tympani   022,760 

 influence  of,  upon  gustation   622,761 

 influence  of,  upon  the  submaxillary  gland   623 

 general  properties  of   760 

Chords  in  music   832 

Chorion  of  the  ovum,  formation  of   901,  904 

 disappearance  of  villi  from  ft  portion  of   905 

Choroid   771 

 vasa  vortlcosa  of.   772 

Chromatic  aberration   790 

Chyle   834 

 specific  gravity  of  335 

 coagulation  of.   335 

 table  of  composition  of   836 

 urea  in  836 

 comparison  of  constituents  of,  with  those  of 

lymph   337 

 microscopical  characters  of  837 

 movements  of  (see  Lymph)   837 

Chyle-corpu.scles   18 

Cilia   B28 

Cilia  (eyelashes)   811 

Ciliary  ganglion   781 

Ciliary  movements   528 

Ciliary  muscle   778 

Ciliary  nerves   781 

Ciliary  processes  7T8 
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Ciliated  epltholium   354 

Clllo-spinal  centre   798 

Circulation  of  the  blood   81 

 discovery  of   81 

 action  of  the  heart  in  (see  Heart)   40 

 in  the  arteries  (see  Arteries)   64 

 depressor-nerve  of   78,  665 

 in  the  capillaries  (see  Capillaries)   81 

 in  the  veins  («ea  Veins)   92 

 in  the  cranial  cavity   106 

 derlvatlvo   108 

 pulmonary   109 

 in  the  walls  of  the  heart  110 

 general  rapidity  of   110 

 relations  of  the  frequency  of  the  heart's  action 

to  the  rapidity  of   112 

 phenomena  of,  after  death  1}8 

 influence  of,  upon  the  movements  of  the  small 

intestine   287 

 Influence  of,  upon  absorption   320 

 influence  of,  upon  animal  heat   514 

 effects  of  section  of  the  pneumogastrics  upon. .  653 

 effects  of  galvanizing  the  pneumogastrics  or  their 

branches  upon   654 

 reflex  influence  upon,  through  the  pneumogas- 

ti-ics   655 

 Influence  of  the  sympathetic  system  upon  738 

 first  appearance  of.  In  the  embryon   932 

 fcetal  (sea  Foetal  circulation)   985 

Circulation  of  the  lymph  and  chyle  (see  Lymph)   338 

Circulatory  system,  development  of   930 

Circumflexus,  or  tensor-palati  muscle   621 

Cirrhosis,  proportion  of  cholesterine  in  the  Mood  In 

cases  of   457 

Cleft  palate   562,  924 

CKmato,  influence  of,  upon  the  diet   172, 193,  512 

CUtoris   869 

 development  of   930 

Cloaca   920,  930 

Clot  of  blood  (see  Blood)   24 

 non-organization  of   27,  80 

Clothing,  uses  of  520 

Coagulation  of  the  blood  (see  Blood)   24 

Coccyx,  consolidation  of   914 

Cochlea,  bony   823 

 bony,  modiolus  of   823, 844 

 bony,  hamulus  of   823,  844 

 membranous   844 

 membrana  basilaris  of.   844 

 scala  tympani  and  soala  vestibuli  of   844 

 limbus  laminiB  Bpu'alis  of   844 

 membrana  tectoria  (membrane  of  Corti)  of  844 

 membrane  of  Relssner  of   844 

 the  true  membranous   845 

 quadrilateral  canal  of   840 

 cupola  of.   846 

 distribution  of  the  nerves  in   840 

 functions  of,  in  audition   849. 

Cocoa   190 

Cocoa-sbells   190 

Coffee,  influonoo  of,  upon  the  exhalation  of  carbonic 

acid   148 

 composition  of  : . . .  187 

 influence  of,  upon  nutrition   188 

 influence  of,  upon  the  elimination  of  urea.. .  188, 428 

Coitus,  influence  of,  upon  tho  rupture  of  Graafian  fol- 
licles  872 

 action  of  the  male  in   889 

 physiological  fl-equency  of   888 
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Coitus,  action  of  tho  fomalo  In   689 

 action  of  the  cervix  and  03  uteri  In   890 

 production  of  uiucus  In  tho  cervix  uteri  In   891 

 establishment  of  a  "  continuous  canal"  in   891 

Colon   ^89 

 devolopmont  of  

Colors.....   ™ 

 complomoutary  

 theory  of  tho  appreciation  of.   fST 

 Inability  to  distinguish   f87 

 bUiocular  fusion  of   805 

 fusion  of,  in  vision   806 

 duration  of  impressions  of.   800 

  876 


Colostrum., 


 cream  from  

 relations  of  the  subsequent  secretion  of  milk  to 

the  quantity  of   378 

Colostrum-corpuscles  ^'"^ 

Columnar  epithelium   854  i 

Combustion,  definition  oi;  as  it  occurs  In  tho  organism  515 

Combustion-theory  of  respiration   163 

Complemental  air   187 

Concha  of  tho  ear   817 

Condunents  

Cone-fibre  plexus   '^'^'^ 

Cones  of  tho  rotma   'f'^i  "^^l 

Conjunctiva   812 

 mucus  of   357 

Connective  tissue   ^31 

 relations  of  the  lymphatics  to   310 

Conoidal  epithelium   354 

Consonance   884,  837 

Consonants   ^''^ 

•Contagious  diseases,  absorption  of  agents  producing, 

from  the  respiratory  surface   316 

Continuous  canal,  establishment  of,  in  coitus   891 

Contractihty   ^35 

Contralto  

Cooking,  development  of  savors  In   IfT 

Coordination  of  muscular  action,  connection  of  the 
posterior  wlilte  columns  of  the  spinal  cord  with  679,  711 

 connection  of  the  cerebeUum  ^vith  (see  Cerebel- 

1-)  

Copulation  (sea  Coitus)  

 influence  of,  upon  the  rupture  of  Graafian  folll- 

cles   871,873 

Corlum  {see  Skin)   381 

Cornea   '^'^^ 

 anterior  elastic  lamella  of  

 membrane  of  Descemet  or  of  Demours   771 

 blood-vessels  of.  

 lymph-spaces  of  

 wandering  cells  of.  

 terminations  of  the  nerTes  in  

 refraction  by  

 development  of.  

Corneal  corpuscles  

Coronary  arteries,  an-est  of  the  action  of  the  heart  by 

ligation  of.  

Corpora  amylacea  

Corpora  striata,  physiological  anatomy  of.   720 

 functions  of   "^^^ 

 development  of  

Corpulence,  effect  of  diet  upon   ^02 

Corpus  dentatum  of  the  cerebellum   ''00 

 of  the  medulla  oblongata  

Corpus  Highmorlanum  ,   880 

Corpus  tnnominatum  (organ  of  Qlraldiis)   882 

Corpus  lutoum,  first  appearance  of.  


Corpus  lutoum,  gonorol  characters  of   B77 

 In  pregnancy   878 

 measurements  of,  In  menstruation  and  in  preg- 
nancy  870 

Corpus  trigonum   408 

Corpuscles  of  Arantius   89 

Corpuscles  of  tho  blood  (see  Blood)   6 

Corresponding  points  In  vision   802,  808,  610 

Oorti,  membrane  of   844 

 ganglion  of   647 

 organ  of . . .    647 

 rods,  or  pillars  of   647 

 function  of  tho  organ  of   660 

Cotugno,  humor  of   640 

Cotyledons  of  the  placenta   910 

Coughing   184 

Cowper,  glands  of   888 

Cranial  nerves   608 

 anatomical  classification  of   003 

 physiological  classification  of.   609 

Cranium,  cu-culation  In   106 

 development  of.   015 

Cream   371 

 from  colostrum   377 

Creatine   ^8 

 change  of,  into  urea  and  sorcosine  419 

Creatinine  

Cremaster  muscle  880,  928 

Crlco-arytenold  muscles  551,  557 

 lateral  551,  058,  557 


771 
771 
771 
771 
793 
919 
771 

57 

585 


■  posterior. 


652 

Crico-thyrold  muscles  552,  557 

Cromwell,  brain  of   ''02 

Crusta  petrosa  of  the  teeth   190 

Crying  125 

Crystalline  (organic  substance  of  the  lens)   781 

Crystalline  lens  y  '''^0 

 suspensory  ligament  of  173,  779,  781 

 capsule  of   ^80 

 liquid  of  Morgagnl  of.   180 

 stars  of   ''80 

 refraction  by  198 

 changes  of,  in  accommodation   199 

 development  of   919 

Cumulus  proUgems   863 

Cupola  of  the  cochlea   840 

Curare  («ee  TToorara)   ^95 

CurUng  arteries  of  the  placenta   911 

881 
702 


Cuticle  (see  Skin)  

Cutis  vera  (see  Skin)  

Cuvier,  brain  of  

 canals  of   ^38 

Cyanosis  

cy««°«  

 in  the  foeces   ^'^ 


814 
767 
525 
880 
946 


870 


Dacryollne  

Daltonism  

Dartoic  fibres  

Uartos  

Death,  definition  of,  etc  

 discharge  of  contents  of  the  bladder  and  rectum 

after  

 apparent  growth  of  the  beard  after  

 after  breaking  up  tho  medulla  oblongata   727 

 parturition  after  

Decidua  vera  

 reflexa  

 serotlna  


940 
946 


940 
907 
907 
911 
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DeclduiB,  formation  of   907 

Defffication   290 

 conditions  which  precede  the  desire  for   297 

 muscular  action  in   297,  298 

Deglutition,  uses  of  tlio  epiglottis  in   117 

 action  of  the  tongue  in   201,  219 

 inHuenco  of  the  saliva  upon   214 

 physiological  anatomy  of  the  parts  concerned  in.  215 

 mechanism  of   218 

 first  period  of   218 

 effects  of  section  of  the  sublingual  nerves  upon. .  219 

 in  cases  of  absence  of  the  tongue   219 

 second  period  of   219 

 action  of  the  constiictors  of  the  pharynx  In  the 

second  period  of   220 

 protection  of  tho  posterior  nares  during   220 

 protection  of  tjie  opening  of  the  larynx  dur- 
ing  220,224 

 relations  of,  to  respiration   220 

 action  of  the  epiglottis  in   221 

 influence  of  the  sensibility  of  tho  top  of  the 

larynx  in  protecting  the  opening  during   221 

 study  of,  by  autolaryngoscopy   223 

 third  period  of  ,   224 

 action  of  the  cesophagus  in   224 

 length  of  time  occupied  in   224 

 character  of  the  movements  of   225 

 in  the  inverted  posture   225 

 of  air   225 

 Influence  of  the  pneumogastrie  nerves  upon  252 

 influence  of  the  spinal  accessory  nerves  upon. . .  631 

 influence  of  the  sublingual  nerves  upon   634 

 influence  ^  the  superior  laryngeal  branches  of 

the  pneumogastrics  upon....-   661 

 influence  of  the  inferior  laryngeal  branches  of  the 

pneumogastrics  upon   653 

Demours,  membrane  of   771 

Dental  bulb   925 

 follicle   925 

Dentine   199,  925 

Depressor-nerve  of  the  circulation   78,  655 

Derivative  circulation   108 

Derma  {see  Skin)  381 

Desoemet,  membrane  of   771 

Development  of  tho  embryon  (sea  Embryon)   911 

 after  birth   945 

Dextral  preeminence   944 

Dextrine   183 

Diabetes,  artificial   470,  663 

Diaphragm   12i',  123 

 action  of,  In  inspiration   124 

 influence  of  contraction  of,  upon  the  size  of  the 

opening  for  the  cesophagus   125 

 development  of.  521 

Diaphragmatic  hernia,  congenital   92i 

Diastase   "  -^^^ 

 anhnal,  action  of,  upon  starch   214 

Dicrotism  of  the  pulse   '  73  74 

Diet  {see  Food)  jgj 

 regulation  of,  in  hospitals,  etc  ;   192 

 influence  of,  upon  the  development  of  power 

and  endurance   ^gg 

 variations  in,  in  diflferent  climates   512 

 in  arctic  regions   612,  5ig 

DlfiFuslon  of  liquids   824^  826 

Digestion,  influence  of,  upon  tho  proportion  of  leuco- 
cytes in  the  blood   jU 

 influence  of,  upon  the  pulse   52 

 Influence  of,  upon  the  exhalation  of  carbonic  acid!  148 


PAGE 

Digestion,  general  considerations   195 

 duration  of   195 

 general  view  of  tho  organs  of   196 

 successive  action  of  tho  various  digestive  fluids 

in     242 

 acti(m  of  the  saliva  in  {see  Saliva)   206 

 action  of  tho  gastric  juice  in  (sea  Gastric  juice)..  242 

 of  nitrogenized  alimentary  principles. . .  248,  207,  277 

 duration  of.  In  tho  stomach   249 

 circumstances  which  Influence   251 

 influence  of  exorcise  upon   251 

 influence  of  sleep  upon   251 

 influence  of  haamorrhago  upon   251 

 influence  of  inanition  upon   251 

 influence  of  age  upon   251 

 in  the  small  intestme   257,  267,  273 

 action  of  the  intestinal  juice  in  {see  Intestinal 

juice)   207 

 action  of  the  pancreatic  juice  in  {see  Pancreatic 

juice)   278 

 action  of  the  bile  in  {see  Bile)   277 

 influence  of,  upon  the  quantity  of  lymph   829 

 influence  of,  upon  the  flow  of  bile  441 

 influence  o^  upon  the  glycogenic  function  of  the 

liver   469 

 influence  of,  upon  the  volume  of  the  spleen  477 

 influence  of,  upon  animal  heat   511 

Digestive  fluids  in  the  fcetus   921,  944 

Digitalis,  want  of  action  of,  upon  tho  heart,  after  sec- 
tion of  the  pneumogastrics   654,  665 

Dilator  tubiB  muscle   821 

Disassimilation,  products  of   605 

 table  of  products  of   606 

Discords  883 

Discus  proligerus   863 

Dissepiments  of  the  placenta  ,   910 

Diurnal  variations  In  the  urine  427 

Dorsal  plates   913,  915 

Double  vision   802 

Dreams   744 

Drinking,  mechanism  of   197 

Drinks   184 

 influence  of,  upon  the  urine   427 

Duct  of  Mailer,  development  of,  into  tho  Fallopian 

tube  ()27 

Ductless  glands   473 

 enumeration  of  473 

Ductus  arteriosus   932,  933 

 closure  of   933 

 venosus,  closure  of.   933 

Duodenum   257 

 glands  of.   260 

Dupuytren,  brain  of   703 

Dura  mater   ggj 

 first  appearance  of   916 

Ear,  glands  of   ago 

 nses  of  the  hairs  at  the  opening  of.   390. 

 disease  of  the  semicurcular  canals  of   718 

 lobijle  of.   817 

Ear,  external   §17 

 "ses  of.   885,  849 

 muscles  of.   gig 

Ear,  middle,  general  arrangement  of  the  parts  In. . . .  818 

 arrangement  of  the  ossicles  of   ei9 

 fenestra  ovalis  and  fenestra  rotunda  of.   819 

 muscles  of   §20 

 arrangement  of  the  tympanic  membrane  in  {see 

Tympanic  membrane)   835 
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E(ir,  middle,  doTOlopment  of  •  ^^^^ 

Ear,  liitonml   ^'J^ 

 physiological  anatomy  of.   °" 

 distribution  of  tho  nervos  In  

 Uqulilsof.  

 hair-cells  of.  

Ear,  fimctlons  of  dlfiforent  parts  of  

Ear,  Internal,  dcvolopmont  of  

Effort,  muscular  

Eggs,  digestibility  of  ^1  " 

Eighth  cranial  nerve,  third  division  of  (see  Spinal  ac- 

cossory  nerve)  ;•  ■  • 

 second  division  of  (see  Pnenmogastrlo)   M4 

 first  division  of  (sse  Glosso-pharyngoal)   781 

Ejaculatory  duets  

Elastic  tissue   ' 

Electric  cm'rei\t  In  muscles   _ 

Electricity,  action  of,  upon  tho  nerves  

 notion  of  direct  and  inverse  currents  of,  upon  tho 

...  000 
the 

GOO,  COS 

Eloctrotonus  

Embryon,  prlmltlvo  trace  of.   899,  900 


nerves  

 action  of  a  constant  current  of,  upon 

nerves  


 development  of.. 


911 

 time  when  it  becomes  the  foetus   911,  910 

 general  view  of  tho  development  of   912 

 size,  weight,  and  development  of;  at  different 

stages  of  utero-gestation   "40 

Embryonic  spot   ""'^ 

Embryo-plastic  elements   ^2 

Enamel  of  the  teeth  ■ '  "  '^''r 

Enamel-organ  

Encephalic  circulation   ^96 

Enoephalon  {see  Brain)  

 development  of   9  IT 

Endocardium   '^^ 

Endolymph  of  the  labyrinth   840 

Endosmomoter   ^^3 

Endosmosis   ""^ 

 influence  of  membranes  upon   823,  825 

 through  porous  septa   323 

 influence  of  different  liquids  upon   825 

Epidermis  (see  Skin)   3S2 

 first  appearance  of   916 

Epididymis   880,881 

 development  of,  from  a  portion  of  the  Wolffian 

body   928 

Epiglottis,  uses  of,  in  deglutition   117 

■  cases  of  loss  of  

 action  of,  In  deglutition   221 

 removal  of,  from  the  lower  animals   222 

 cases  of  loss  of,  In  the  human  subject   222 

—  action  of,  in  phonation   653 

 development  of   923 

Epithelium,  action  of,  in  the  absorption  of  fats   818 

 glandular   848 

 pavement,  mucous  membranes  covered  with.. ..  853 

 columnar,  or  conoldal,  mucous  membranes  cov- 
ered mth   854 

 ciliated,  mucous  membranes  covered  with. .  854,  523 

 mixed,  mucous  membranes  covered  with   854 

 Infiuence  of,  upon  the  absorption  of  venoms  367 

Erect  impressions  of  Images  inverted  on  tho  retina. . .  801 

Erectile  organs,  structure  of   198 

 tissues,  circulation  in  

 tissue  of  the  uterus  and  ovaries   8G6 

 of  the  external  female  organs  of  generation  809 

Erection,  mechanism  of   198 


PAOB 

Erection,  of  the  penis   689 

 mechanism  of.   869 

 nerve  of   889 

 of  tho  cervix  uteri  In  coitus   890 

Eructation   256 

Eunuchs,  voice  of   OSO 

Eustachian  tube   821 

 muscular  action  in  dilatation  of  , .  82X 

Eustachian  valve   .80,  934 

 disappearance  of   938 

Excito-motor  action    6^ 

Excrementltious  matters  In  the  blood   22 

Excrementitious  principles   505 

 table  of   f»0 

Excretino   293 

Excretion,  distinction  of,  from  secretion  342,  846 

 mechanism  of.  ,  846 

 general  considerations   3T9 

Excretolelc  acid   293 

Excretory  fimctlon  of  tho  liver  450 

Exercise,  influence  of,  upon  the  pulse   58 

 influence  of,  upon  tho  exhalation  of  carbonic 

acid   IpO 

 influence  of,  upon  digestion   251 

 influence  of,  upon  the  urine   42S 

 development  of  power  and  endurance  by   498 

 influence  of,  upon  animal  heat   513 

  822 

  128 


129 


Exosmosis  

Expiration  

 action  of  the  elasticity  of  the  parenchyma  of  the 

lungs  In  

 action  of  the  elasticity  of  the  thoracic  walls  in. . .  129 

 table  of  muscles  of  • »   189 

 action  of  the  abdominal  muscles  in   181 

 relations  of,  to  inspu-ation   183 

 duration  of   133 

Expression,  nei-ve  of  (see  Facial  nerve)   613 

Eye,  physiological  anatomy  of.  

 form  and  dimensions  of  the  globe  of.  770 

 sclerotic  coat  of   '''^^ 

 cornea  of  

 anterior  elastic  lamella  of   "j^J 

 membrane  of  Descemet  or  of  Demours   771 

 choroid  coat  of.  

 tunica  Euschiana  of   'Jj- 

 vasa  vorticosa  of   '"'^ 


 ciliary  processes  of. 


773 

zoneof  Zinn..  773,  779,  7S1 

774 
774 
774 


 iris  of  •■  

 ligamentum  iridis  pectinatum  of  

 pupil  of  

 pupillary  membrane  of  

 canal  of  Schlemm  

 retina  of  {see  Retina)  

 macula  lutea  of  

 fovea  centralis  of.  

 crystalline  lens  of  

 Uquid  of  Morgagni  

 aqueous  humor  of.  

 chambers  of   . 

 vitreous  humor  of  (see  Vitreous  humor)   ib- 

 hyaloid  membrane  of.   ""' 

 summary  of  the  anatomy  of  the  globe  of. 

 refraction  in  (sea  Vision)  

 considered  as  an  optical  instrument  

 axis  of  

 angle  alpha  of.  

 pimctum  ciccum,  or  blind  spot  of  

 mechanism  of  refraction  in  


1 10 
775 
776 
776 
779 
-50 
781 
7S2 
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Eye,  simple  scliematio   T94 

 astigmatic   7f4 

 ■  movements  of  tlie  iris   T9C 

 accommodation  of,  to  vision  at  diiferont  distances  TDS 

 corresponding  points  in  tlio  retime  of. .  .802,  803,  810 

 movements  of   807 

 muscles  of.   807 

 protrusion  and  retraction  of,  by  muscular  action  808 

 action  of  tlie  recti  muscles  of   808 

 action  of  the  oblique  muscles  of   809 

 axes  of  rotation  of  808,  809 

 movements  of  torsion  of.   809 

 associiited  action  of  the  muscles  of   810 

 parts  for  the  protection  of   811 

 tarsal  cartilages  of.   811 

 development  of   918 

Eyebrows  :  890,  811 

Eyelashes  890,  811 

EyeUds   811 

 glands  of  801 

 muscles  of.   811 

 development  of  ."  919 

 time  of  separation  of,  in  the  fcetus   941 

Face,  development  of   922 

Facial  angle   702 

Facial  nerve   618 

 physiological  anatomy  of   618 

 decussation  of  the  roots  of.   618 

 branches  of,  witliiu  the  aquseductus  Fallopil   620 

 external  branches  of.   621 

 summary  of  the  anastomoses  and  distribution  of  621 

 properties  and  functions  of   621 

 Influence  of,  upon  taste  and  upon  the  submaxil- 
lary gland  (8fe  Chorda  tympani)  622,623 

 influence  of,  upon  the  movements  of  the  palate, 

uvula,  and  tongue  623,  624 

 f\mctions  of  the  external  branches  of   625 

 effects  of  stimulation  of  branches  of   626 

 influence  of,  upon  mastication,  through  the  buc- 
cinator muscle   626 

Facial  palsy,  symptoms  of   625 

Fteces,  influence  of  the  bile  upon   293 

 quantity  of   292 

 analysis  of   293 

 cholesterine  in,  in  starvation,  in  hibernating  ani- 
mals, and  in  meconium   295 

 "  figured  "   296,  297 

 stercorinein   456 

Fallopian  tubes   863 

 fimbria)  of   868 

 mucous  membrane  of   863 

 opening  of,  into  the  peritoneal  cavity   868 

 supposed  influence  of,  upon  the  rupture  of  Graa- 
fian follicles   872 

 passage  of  the  semen  through   892 

 '-  development  of,  from  the  ducts  of  Muller   92T 

Fallopian  pregnancy   893,  942 

Falsetto-register   659 

Falx  cerebelli   607 

Falx  cerebri   067 

Fats  in  the  blood   22 

Fats,  composition  of   183 

 saponiflcation  of.   184 

 emulsiflcation  of   184 

 as  a  single  article  of  diet   184 

 action  of  the  gastric  juice  upon   248 

 not  acted  upon  by  the  intestinal  juice   208 

 action  of  the  pancreatic  juice  upon  273 


TAGE 

Fats,  Influence  of  the  bile  upon  tho  digestion  and  ab- 

soi-ption  of   2S8 

 absorption  of  (see  Absorption)  801 

 absorption  of,  by  the  lacteals   802,  317,  826 

 alleged  production  of,  by  the  liver   472 

 relations  of,  to  nutrition   501 

 formation  and  deposition  of   601 

 disappearance  of,  in  inanition   802 

 condition  of,  in  the  organism   503 

 anatomy  of  adipose  tissue   603 

Fatty  acids  and  salts  in  the  blood   21 

Fatty  degeneration  or  substitution   501 

Fatty  diarrhoea,  cases  of   275 

Fatty  matters  of  the  nervous  system  584 

Fatty  and  saponaceous  constituents  of  the  bile   443 

Fauces,  pillars  of   210 

 isthmus  of   21 G 

Fecundation,  situation  of.  ■   892,  696 

 time  when  it  is  most  likely  to  occur   893 

 mechanism  of.   893 

Fecimdity,  limits  of,  as  regards  age   674 

Fehling's  test  for  sugar   401 

Female  organs  of  generation,  internal   657 

Female  organs  of  generation,  external   868 

Female,  action  of,  in  coitus   889 

Female,  orgasm  in   890 

Fenestra  ovaUs   819,  822 

Fenestra  rotunda   819,  822,842 

Fenestrated  membranes   520 

Ferrein,  pyramids  of.   396,  400 

Fibrin   177 

 concrete  and  dissolved   23 

 of  the  clot   25 

 non-organization  of   27,  80 

 formation  of,  by  decomposition  of  plasmine   29 

 fibrillation  of,  in  coagulation   30 

 vegetable   179 

 action  of  the  gastric  juice  upon   245 

 action  of  dilute  acids  upon   246 

Fibrin-factors   29 

Fibrinogen   29 

Fibrinoplastic  matter   29 

Fibrin-peptone   246 

Fibro-cartilage   549 

Fibro-plastic  elements   682 

Fibrous  tissue,  white,  or  inelastic   581 

Fifth  cranial  nerve,  small  root  of  (see  Mastication, 

nerve  of)   615 

Fifth  cranial  nerve,  large  root  of   684 

 physiological  anatomy  of.   685 

 ganglion  of  Gasser   635 

 branches  of   686 

 properties  and  functions  of   638 

 operation  for  the  division  of,  vvithln  the  cranial 

cavity   639 

 immediate  effects  of  divisipn  of.   640 

 influence  of,  upon  deglutition   641 

 remote  effects  of  division  of.   641 

 different  remote  effects  of  division  o^  before  and 

behind  tho  ganglion  of  Gasser   642 

 effects  of  division  of,  upon  the  nutrition  of  the 

organs  of  special  sense .  .•   642 

  relations  of,  to  the  sympatbetio  system   648 

 cases  of  paralysis  of.  In  the  human  subject   643 

Fila  acustica   846 

Fish,  digestibility  of   251 

FIsk,  James,  Jr.,  brain  of.   708 

Flax-seed   182 

Fu;tal  circulation   985 
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Fretnl  circulation,  cbnngo  of,  into  tho  ndult  circu- 


lation. 


980 


Foitus  blood-corpuBclos  of   1- 

 respiratory  efforts  by    

 '  urine  of  

 glycogenesis  in  •  •  •  •  •  •  • 

 lufluencoof  tho  matornal  mind  upon  tho  develop- 

  8y8,  895 

ment  of   „,,„ 

 determination  of  tho  box  of   B-^a 

 at  the  fifth  monih  •  •  •  •  •  '  T  V 

 time  when  this  name  is  applied  to  tho  product  of 

.       ,  .,   911, 940 

fecundation   ' 

  functions  of  the  nervous  system  in    WJJ 

 reflex  movements  in  

 rosph'atory  efforts  by  •••  ^ 

 digestive  fluids  hi   Jil,  m 

 size,  weight,  and  development  of,  at  different 

stages  of  utoro-gestatlon  

 when  viable  

 weight  of;  at  term   8*1 

 position  of,  in  the  uterus   041 

Food,  Influence  of  cUmate  and  season  upon  the  quan- 
tity of.   "2,108 

 definition  of   If  6 

 nitrogenized  principles  of   1T6 

 animal   IfT 

 vegetable   11^8 

 uon-nltrogenizod  principles  of  180 

 inorganic  principles  of    184 

 quantity  and  variety  of,  necessary  to  nutrition  . .  191 

 regulation  of,  in  hospitals,  etc   192 

 influence  of,  upon  the  capacity  for  labor   198 

 necessity  of  a  varied  diet   198 

 influence  upon  nutiitlon  of  single  articles  of, 

when  taicen  alone   194 

 influence  of,  upon  lactation   869 

 influence  of,  upon  the  urine   427 

 influence  of  different  Iclnds  of,  upon  the  glyco- 
genic function  of  the  liver   470 

Foramen  ovale   86,  934 

 closm-e  of   987 

Fossa  ovaUs  In  the  heart   933 

Fourth  cranial  nerve  (see  Pathetlcus)   613 

Fourth  ventricle   706 

Fovea  cardiaca   981 

 centralis   776 

 hemispherlca   822 

Free-martin   875,895 

Frontal  process,  in  the  development  of  the  face  923 

6aU-bIadder   488 

 mucus  of   857 

 development  of  921 

Galactophorous  ducts   866,  867 

Galvanic  current  in  muscles   542 

GangUa  in  the  substance  of  the  heart  50  (note),  59 

GangUonio  nervous  system  {see  Sympathetic)   729 

Gargling   228 

Gases  of  the  blood   156 

 in  the  blood  hi  different  parts  of  the  system —  159 

 mechanism  of  tho  interchange  of,  between  the 

blood  and  tho  air  in  the  lungs   161 

 of  the  small  Intosthie,  uses  of  286,  299 

 of  the  stomach   293 

 of  the  large  intestine  299 

 origin  of,  in  tho  intestines   299 

 absorption  of,  in  the  intestines    802 

 of  tho  milk   875 

 of  the  urine   425 
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Gflses  in  tho  body   489 

Gasser,  ganglion  of.   085 

Gasteraso   287 

Gastric  fistula  in  tho  lower  animals  281 

 in  tho  human  subject   282 

Gastric  glands   229 

Gastric  juico   230 

 mode  of  collecting   282 

 secretion  of   234 

 modifications  of  tho  secretion  of   235 

 artificial,  made  by  infusion  of  tho  mucous  mem- 
brane of  tho  stomach   285 

 quantity  of    28u 

 composition  of   230 

 reaction  of   23tl 

  specific  gravity  of   280 

 does  not  decompose  by  keeping  280 

 ontiseptlc  properties  of   237,  247 

 table  of  composition  of   237 

 organic  principle  of   237 

 source  of  the  acidity  of.   283,  241 

 substitution  of  other  acids  for  tho  normal  acid 

of   241,  242 

 ordinary  saline  constituents  of   241 

 action  of,  in  digestion   242 

 action  of,  upon  meats,  or  muscular  tissue   243 

 action  of,  upon  albumen   245 

 action  of,  upon  fibrin   245 

 action  of,  upon  caseine   246 

 action  of,  upon  vegetahle  nitrogenized  principles, 

such  as  gluten   246 

 action  of,  upon  non-nltrogenized  alimentary  prin- 
ciples  248 

 action  of,  upon  fata   248 

 action  of,  upon  sugars   248 

 action  of,  upon  carbonate  and  phosphate  of  lime 

and  upon  bones   249 

 influence  of  the  pneumogastric  nerves  upon  tho 

secretion  of   252 

Gastric  plexus   738 

Gelatine   177 

 French  committee  on   178,  179, 194 

Gelatine  of  Wharton  906 

Generation,  general  considerations   852 

 spontaneous  

 sexual   S54 

 female  organs  of,  internal   857 

 female  organs  of,  external   863 

 male  organs  of   ^^9 

 development  of  the  internal  organs  of   927 

 development  of  the  external  organs  of.   930 

Genito-splnal  centre   410,  882 

Genito-urinary  system,  development  of   927 

Germinal  spot  

Germinal  vesicle   ^^0 

 disappearance  of.   ^97 

Giraldfis,  organ  of  8S2 

Glands,  color  of  the  blood  in  the  vehis  of          6,  844,  347 

 comparative  quantity  of  blood  in,  during  activ- 


ity and  repose . 
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 lymphatics  of   806 

 absorption  from  tho  reservoirs  and  ducts  of. —  817 

 variations  in  the  circulation  in   344 

 irritabUityof   8^-  ^5 

 elimination  of  foreign  substances  by   846 

 influence  of  nerves  upon   847 

 general  structure  of   ^ 

 anatomical  classification  of   849 


-  sebaceous  . 


853 
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Glands,  of  Tyson   859 

 of  the  ear  (ceruminous)   360 

 Meibomian   8C1 

 ductless,  or  blood-glanda   472 

 terminations  of  nerves  In   672 

Glandular  epithelium   843 

Glisson,  capsule  of   431,  432 

GlobuUno   17,177 

Globulins  of  the  lymph  and  chyle   838,  337 

Glosso-pharyngeal  nerves   761 

 physiological  anatomy  of   761 

 general  properties  of   768 

 relations  of,  to  gustation   764 

Glottis,  movements  oi;  in  respiration   116,  553 

 influence  of  the  inferior  larj'ngeal  nerves  upon 

the  movements  of   116,  553 

 appearance  of,  as  seen  with  the  laryngoscope. . .  554 

 development  of   922 

Glucose  (see  Sugars)   22,  ISO,  182 

Gluten  

 bread  made  from   179 

 action  of  the  gastric  juice  upon   246 

Glutine   179 

Glycine   2S0 

Glycocholate  of  soda   2S0,  444,  446 

GlycochoUo  acid  2S0,  444,  446 

Glycocolle   178 

Glycogenic  function  of  the  liver  (see  Liver)   453 

Glycogenic  matter   467 

 mode  of  extraction  of  467 

Goose-flesh   881 

Graafian  follicles   859,  860 

 number  of     860 

 mode  of  formation  of   860 

 size  of   862 

 coats  of   862 

 membrana  granulosa  of   863 

 discus,  or  cumulus  proligerus  in   S63 

 situation  of  the  ovum  in   863 

 rupture  of   870,  871 

 macula  of   8T0 

 influence  of  copulation  upon  the  rupttu'e  of.  .871,  872 

 relations  of  rupture  of,  to  menstruation   872 

 changes  in,  after  theb  rupture  (see  Corpus  lu- 

teum)   877 

Grape-sugar   180 

Gubemaculum  testis   928 

Gums   182 

Gustation,  relations  of,  to  olfaction   753 

 general  considerations  of   759 

 nerves  of   760 

 functions  of  the  chorda  tympani  in   761 

 functions  of  the  glosso-pharyngeal  nerve  in   764 

 mechanism  of  764 

 physiological  anatomy  of  the  organ  of   764 

 Influence  of  the  chorda  tympani  upon   622 

Gutturals   562 

HiEmadrometer   79 

HsBmadynamometer   75 

Hoemaglobine   17, 185 

 absorption  of  oxygen  by   160 

Haemaglobulino   17 

Hffimatine   17, 13 

Hasmatocrystalline   17 

IliEmatoidine   18 

Hffimatosis   155 

Htemorrhage,  difference  in  the  effects  of,  during  diges- 
tion and  fasting   4 
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Ha;morrhago,  influonco  of,  upon  the  ni-terial  pressure.  78 


 effects  of,  upon  tho  souse  of  thii-st   174 

 Influence  of,  upon  digestion   261 

Iliemorrhagic  diathesis   27 

Ilalr-cells  of  tho  internal  oar   g^g 

Hair-follicles   857 

 terminatidna  of  nerves  in   57g 

Hairs,  varieties  of   ggg 

 Bizo  of,  in  different  parts   885 

 number  of   8S6 

 hygrometricity  of   886 

 roots  of   886 

 structure  of.   ggg 

 color  of   8S9 

 growth  of   889 

 development  of  889 

 sheddmg  of,  in  the  mfant   889 

^  sudden  blanchmg  of  889 

 uses  of   390 

 first  appearance  of   916 

 shedding  and  replacing  of  945 

Haller,  vas  aberrans  of   881 

Hamulus  of  the  cochlea   628,  844 

Hare-lip   562,  924 

Harmonics,  or  overtones   629 

Harmony   832 

Hauser,  Caspar,  case  of   603 

Haversian  canals   544 

Haversian  rods   644 

Head-fold  of  the  neural  canal   900 

Head-register   559 

Hearing       Audition)   815 

Heart,  description  of  the  action  of,  by  Harvey   82 

 general  description  of  the  action  of   84 

 physiological  anatomy  of   85 

 pericardium  of   85 

 weight  of.   85 

 auricles  of   35 

 foramen  ovale  of   86 

 Eustachian  valve  of   86 

 ventricles  of   86 

 comparative  capacity  of  the  right  and  the  left 

ventricle  of.   86 

 muscular  tissue  of   85,  87 

 comparative  thickness  of  the  ventricles  of   33 

 valves  of   88,  89,  47,  48 

 demonstration  of  the  action  of  the  valves 

of   89,46 

 movements  of.   40 

 complete  revolution  of   40 

 demonstration  of  the  action  of   40 

 action  of  the  auricles  of   40 

 action  of  the  ventricles  of   4l 

 locomotion  of   41 

 twisting  of   42 

 hardening  of     42 

 shortening  and  elongation  of   42 

 impulse  of   43 

 succession  of  the  movements  of   48 

 relative  time  occupied  by  the  auricular  and  the 

ventricular  contractions  of   44 

 force  of   46 

 sounds  of   48,  49 

 frequency  of  the  action  of  {see  Pulse)   51 

 Influonco  of  respiration  upon  the  action  of   54 

 arrest  of  tho  action  of,  in  asphyxia   54 

 arrest  of  the  action  of,  by  voluntary  arrest  of 

respiration   65 

—  cause  of  the  rhythmical  contractions  of  66,  58 
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Heart,  pulsation  of,  when  romovod  from  tho  body ...  60 

 Dulaatlon  of.  In  animals  poisoned  with  wooni- 

 !  60,59,01 

 ganglia  In  the  substanco  of   60  (note)  09 

 arrest  of  tUo  action  of,  by  ligation  of  the  coronary 

arteries  '.V 

 contractions  of,  produced  by  teltatlon  during  its 

repose . 


6T 


5T 


 intluonco  of  the  blood  in  Its  cavities  upon  tho 

contractions  of.  ■ 

 influence  of  tho  density  of  Its  contents  upon  tho 

contractions  of  ■  

 irritability  of  the  muscular  tissue  of   OS 

 Irritability  of  tho  Unlng  membrane  of.   58 

 iufluonco  of  the  nervous  system  upon   68 

 lusensibiUty  of  

 arrest  of  the  action  of,  by  sudden  destruction  of 

the  spinal  cord  

 influence  of  the  pneumogastrlcs  upon  59,  CO,  631 

 Influence  of  tho  sympathetic  nerves  upon   60 

 influence  of  tho  spinal  accessory  nerves  upon  01, 631, 

655,  668 

 palpitation  of   89,  61 

 influence  of  mental  emotions  upon   62 

 summary  of  causes  of  arrest  of  the  action  of. . .  62 

 death  from  distention  of   63 

 death  from  a  blow  upon  the  epigastrium   63 

 relations  of  the  force  of,  to  tho  frequency  of  Its 

pulsations   78, 112 

 circulation  in  tho  walls  of   110 

 time  required  for  tho  passage  of  tho  entire  mass 

of  blood  through   112 

 quantity  of  blood  discharged  by  each  ventricular 


systole  of . 


upon.. 


112 

 1  relation  of  tlie  frequency  of  tho  ootlon  of;  to  the 

rapidity  of  tho  circulation   112 

 respiratory  eflforts  after  excision  of   166 

 temperature  of  the  blood  In  tho  two  sides  of. .  5,  609 

 want  of  action  of  digitalis  -upon,  after  section  of 

the  pneumogastrlcs   ^54,  665 

 effects  of  galvanization  of  tho  pneumogastrics 

654,  658 

-  de'velopment  of   982,  984 

 relative  size  of,  in  tho  fcetus  and  at  different  peri- 
ods of  life  .•   "8* 

 enlargement  of,  in  pregnancy   939 

Heart-clots   26,  27 

Heat,  animal  {see  Animal  heat)   506 

Heat,  power  of  resistance  of  the  body  to   621 

HelLx  of  the  ear  •  

Hemiopsia  ;  •  '^^^ 

Hemiplegia,  comparative  quantity  of  oholesterine  in 
.  the  blood  upon  the  two  sides  of  the  body  in  cases 

of  

Hemp-seed  

Henle,  tubes  of   899 

Hepatic  ai-teiy,  influence  of  hgationof,  upon  the  secre- 
tion of  bUo  

Hepatic  cells  

Hepatic  ducts  •  

Hepatic  plexus   ^83 

Hepatic  veins,  non-coagulation  of  the  blood  of   80 

 arrangement  of  (see  Liver)   434 

 temperature  of  the  blood  in   6,  509 

Hereditary  transmission   ®94 

Hermaphroditism  ,980 

Hernia  at  the  umbilicus,  in  the  foetus  904,  020 

 diaphragmatic   921 

Hibernation,  consumption  of  oxygen  In. 


Hibernation,  cholestorlne  In  the  fioccs  In   295 

Hiccough   125,  135 

Ilippuric  acid  and  its  compounds   417 

 amount  of  daily  excretion  of   417 

Uorncr,  muscle  of.   Sll 

Horopter   ^8 

Hunger   1^2 

 seat  of  tho  sense  of.   1^ 

 In  diabetes   1"8 

 after  section  of  both  pneumogastrlo  nerves..  174,  001 

 after  section  of  tho  hypoglossal  and  lingual 

nerves   1^'^ 

Hunted  animals,  coagulation  of  the  blood  in   20 

Hyaloid  membrane  of  tho  vitreous  humor   762 

Hydatids  of  Morgagnl   690 

Hydro-carbons   1^0 

 relations  of;  to  nutrition   600 

Hydrochlorate  of  ammonia   497 

Hydrochloric  acid,  action  of,  upon  cane-sugar  24S 

Hydrogen,  effects  of  confining  an  animal  in  a  mixture 

of  with  cxygen   1*8 

Hygrometricity   824 

Hvold  bone,  development  of   922,  923 

Hypermetropia  

HjTDagogio  halluchiations   "** 

Hypodermic  administration  of  remedies  317 

Hypogastric  arteries  

 closure  of  

Hypogastric  plexus  

Hypoglossal  nerve  (see  Subungual  nerve)  

Hypospadias  

Hypoxanthlno  

Icterus,  cholosterino  In  tho  blood  in  grave  and  in  sim- 
ple cases  of.  

Idiots,  cerebrum  of . 


....  938 
738,  784 
....  632 
....  980 
....  421 
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700 


821, 


Beo-cffical  valve   283 

 development  of  

Deum  

lUac  veins,  development  of  

Imbibition  •  

Imperforate  anus  

Impotence,  apparent  

Inanition,  Influence  of,  upon  the  exhalation  of  carbonic 

acid  

 influence  of  age  upon  the  power  of  resistance  to. 

 phenomena  attending  IJ 

J  t-t^^  «P  Uf^  in   .17 


920 
259 
934 
324 
921 
883 


-  duration  of  Ufa  i 
•  influence  of,  upon 


148 
173 
5 
5 


digestion  251 


143 


0 
502 
611 
928 
200 
819 
922 


 quantity  of  lymph  in   829 

 influence  of,  upon  the  glycogenic  ftmction  of  tho 

,.   47< 

hver  

 disappearance  of  fat  in  

 animal  heat  in  ;  

Incisor  process,  in  the  development  of  the  fcce... 

Incisor  teeth  

Incus  

 development  of  

Induced  muscular  contraction  

Inelastic  fibrous  tissue  

,  „    965 

Infancy  

 secretion  of  millc  in  •  

Inferior  laryngeal  nerves  (see  Pnenmogastric) . . . ... .  bOl 

Inflammation,  phenomena  of,  studied  in  tho  capilla- 

rios   cjo 

 after  section  of  the  fifth  nerve  

InfracoBtalis,  action  of,  in  expiration  

Infundibuliform  fascia   ^ 

Infusoria  
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Innominato  vein,  development  of   934 

Inorganic  principles,  in  the  blood   21 

 alimentary,  union  of,  with  organic  principles  1S4 

 absorption  of,  by  the  lacteals   314 

 in  the  urine   421 

 action  of,  in  nutrition  4SS 

 table  of   4S9 

Inosates  in  tho  urine  ,   418 

InsaUvatiou   205 

 entanglement  of  bubbles  of  air  in  tho  alimentary 

mass  during   214 

Inspiration   122 

 table  of  muscles  of   123 

 auxiliary  muscles  of.   127 

 relations  of,  to  expiration  133 

 duration  of   133 

Insula   Too 

Intelligence,  absence  of,  in  animals  deprived  of  the 

cerebrum  .»   697 

Intercolumnar  fascia   8S0 

Intercostal  muscles   122, 125, 130 

 action  of,  in  inspiration   125 

- —  action  of,  in  expiration   180 

Intermaxillary  process,  in  the  development  of  the 

face   923 

Intervertebral  discs,  formation  of   914 

Intestinal  canal,  first  appearance  of  914 

Intestinal  digestion   257 

Intestinal  fistula,  hunger  in  a  case  of   173 

 case  of,  in  the  human  subject   266 

Intestinal  gases,  origin  of   299 

Intestinal  juice   265,  267 

 action  of,  upon  starch  and  albuminoids   267 

Intestinal  villi,  development  of   920 

Intestine,  small,  physiological  anatomy  of   257 

 length  of   257 

 divisions  of   257 

 peritoneal  coat  of   258 

— —  muscular  coat  of   258 

 valvuliE  conniventes  of   259,  802 

 mucous  membrane  of   259 

 villi  of   261,  263,  802 

 lacteals  in  the  villi  of   263 

 patches  of  Peyer  of   263,  265,  267 

 solitary  glands  of.   264,  265,  267 

 movements  of   285,  286 

 uses  of  the  gases  in   286,  299 

 influence  of  the  circulation  upon  the  movements 

of   287 

 influence  of  tho  nervous  systeni  upon  the  move- 
ments of  2S7,  665 

 action  of  tho  epithelium  of,  in  the  absorption  of 

fets   818 

 distribution  of  the  pneumogastric  to   665 

 influence  of  the  pneumogastric  upon   665 

 development  of   920 

Intestine,  large,  physiological  anatomy  of   287 

 peritoneal  coat  of.   289 

 muscular  coat  of   289 

 mucous  coat  of  ,   290 

 folUclesof   290 

 solitarj'  glands  of  •   291 

 digestion  and  absorption  In   291 

 contents  of  (see  Faeces)   292 

 movements  of   296 

 gases  of   299 

 development  of.   920 

Intestines,  Influence  of  the  bllo  upon  the  peristaltic 

movements  of  288,  286 
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Intestines,  influence  of  the  sympathetic  system  up- 
on  rao,  797 

Intoxication,  alcoholic   186 

Inuline   1S2 

Involuntary  muscular  tissue  and  movements. . .  527,  528 

Involution  of  tho  uterus   948 

Iodine,  test  for  starch   181 


Iris,   influence    of    the   motor   oouli  communis 

upon   fill.  T96 

 reflex  action  of  the  tuborcula  quadrigemina 


upon   722,797 

 influence  of  the  sympathetic  nerves  upon   741 

 anatomy  of   774 

 ligamentum  iridis  poctlnatum   774 

 layers  of   T74 

 arrangement  of  the  muscular  fibres  of   775 

 blood-vessels  and  nerves  of   175 

 movements  of   T96 

 direct  action  of  light  upon   796 

 action  of  the  nervous  system  upon   796 

 consensual  contraction  of   797 

 Influence  of  the  cilio-sptnal  centre  upon   793 

— —  variations  in  the  vascularity  of   798 

 action  of,  in  accommodation   800 

 movements  of,  in  converging  the  axes  of  vision . .  801 

 voluntary  contraction  of   801 

 development  of.   919 

Iron,  function  of,  in  the  organism   185 

 ha  milk   375 

Irradiation   806 

IrritabiUty,  muscular   50,  59 

 of  the  muscular  tissue  of  the  heart  58,  59 

 action  of  sulpho- cyanide  of  potassium  upon   59 

 distinction  between  muscular  and  nervous  59,  586 

 of  the  arteries   69 

 of  the  veins   96 

 of  muscles  '.   535 

 of  glands   5-35 

 distinction  between  miiscular  and  nervous   636 

 of  nerves  {see  Nervous  irritability)   594 

Island  of  Reil  '705 

Jacobson,  nerve  of   672 

Jacob's  membrane   776 

Jaundice  (see  Icterus)   457 

Jaws,  physiological  anatomy  of   201 

 articulations  of   202 

■Jejunum  259 

Jugular  veins,  development  of   934 

Kidneys,  efitects  of  destrncHon  of  the  nerves  of..  848,  405 

 physiological  anatomy  of  '.  895 

 hilum  and  pelvis  of   895 

 calices  of   395 

 infundibula  of   895 

 divisions  of  the  substance  of    896 

 cortical  substance  of   896,  898 

 columns  of  Bertin   890,400 

 pyramids  of  Malpighi   896 

 pyramids  of  Ferroin   896,  400 

 pyramidal  substance  of   896 

 tubes  of  Bellini   896 

 Malpighian  bodies   898,899 

 capsule  of  Milller  899 

 varieties  of  cells  in  the  Malpighian  bodies  899 

 convoluted  hibes  of   899 

 tubes  of  ITenIo   399 

 intermediate,  or  communicating  tubes   899 

 distribution  of  blood-vessels  in   400 
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Kidneys,  nrtorial  arcade  of.   400 

 arterlolm  rectiu  of   400 

 plexus  of  vessels  around  the  convoluted  tubes  of  400 

 portal  system  of   401 

 stars  of  Verlieyn  ■  401 

 vonous  arcade  of   401 

 lymphatics  of   401 

 nerves  of   401 

 extirpation  of   403 

 extirpation  of,  upon  one  side   404 

 alternate  action  of,  upon  the  two  sides  406 

 changes  In  the  blood  in  passing  through   406 

 influence  of  extirpation  of  one,  upon  the  ap- 
petite  4T9 

 development  of   928 

Krauso,  corpuscles  of   575 

Labia  majora,  devolopment  of  080 

Labia  minora,  smegma  of.   363 

Labial  glands   209 

Labials   562 

Labyrinth,  bony   822 

 membranous   842 

 ligaments  of   842 

 utricle  and  saccule  of   843 

 liquids  of   846 

 distribution  of  the  ner\'OS  in   846 

 development  of   919 

Lachrymal  apparatus   813 

Lachrymal  fluid   814 

Lachrymal  glands   813 

Lachrymal  points   818 

Lachrjinal  sao  and  ducts   813 

Lachiymine   814 

Lactates  in  the  blood   21 

 in  the  urine   418 

Lactation,  duration  of   869 

 modifications  of  («e6  Milk)   369 

 influence  of,  upon  menstruation   875 

Lacteals,  in  the  intestinal  villi   268 

 situation  of   802 

 discovery  of   802 

 absorption  by   802 

 course  of   306,  311 

 structure  of   808 

 absorption  of  albuminoids  by   813 

 absorption  of  glucose  and  salts  by   313 

 absorption  of  water  by   814 

Lactiferous  ducts   866,  367 

Lactine   875 

Lactometers   871 

Lacto-proteine   874 

Lactose   875 

Lamellar  elastic  tissue   526 

Lancet-fish,  an  animal  without  a  brain   696 

Language   550,  560 

 centre  presiding  over   704 

Laryngoscope   554,  558 

Larynx,  physiological  anatomy  of   116,  650 

 muscles  of  {see  names  of  the  muscles)   651 

 action  of.  In  respiration   558 

 action  of,  in  phonation   558 

 influence  of  the  inferior  laryngeal  branches  of 

the  pneumogastrlcs  upon  the  movements  of   652 

 development  of   922,  923 

Laughing   125,135 

Laxator  tympanl  muscle   820 

Lecithone   21,584,685 

 in  the  bile   448 
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Leech-drawn  blood,  non-conguktion  of   80 

Lolt-handodnoss  (see  Uoxtral  preeminence)  944 

Legs,  development  of   915,  916 

Logumlne   179 

Lenses,  refraction  l)y   76T 

 spherical  aberration  of.   789 

 chromatic  aberration  of.   790 

 correction  of   790 

Lenticular  gangUon   781 

Leucine  421 

Leucocytes  (see  Blood)   6,  18 

 relations  of,  to  the  development  of  the  blood-cor- 
puscles  12 

 development  of   15 

 in  the  lymph   882,  887 

 development  and  ftmction  of;  In  the  lymph   883 

 in  colostrum   877 

 devolopment  of,  In  the  ovum   931 

Levator  anguU  soapuliE,  action  of,  in  rOBplratlon  123 

Levator  palati   217 

Levator  palpebrfB  superlorls   S12 

Levatores  costarum,  action  of;  in  respiration         126, 127 

Llchenino.i   182 

Lichens,  edible   182 

Lieberkiihn,  follicles  of   260,  267 

Life,  definition  of.   4S7,  504,  858 

 ;  duration  of,  in  man   946 

LIgamentum  dentioulatum   667 

Ligamentum  iridis  pectinatum   774 

Light,  theory  of  the  propagation  of   785 

 velocity  of   786 

 decomposition  of   786 

 refraction  of,  by  lenses   787 

Lightning,  coagulation  of  the  blood  In  animals  killed 

by   26 

Limbus  laminaj  spiralis  of  the  cochlea   844 

Limitary  membrane  of  the  retina   777 

Lingual  glands   209 

Ltnseed-oil   183 

Lips,  action  of,  in  speech   562 

 development  of   928 

Liquids,  influence  of  the  ingestion  of,  npon  lactation . .  870 

Liquids  (division  of  consonants)   662 

Liquor  sanguinis  (see  Blood)   6 

Littre,  glands  of   888 

Liver,  circulation  in  the  veins  of   102 

 formation  of  urea  in   415 

 physiological  anatomy  of   431 

 weight  of.   4-81 

  capsule  of  Glisson   481,  482 

 blood-vessels  of    482 

 attachment  of  the  walls  of  the  hepatic  Tcin  to  the 

substance  of  432 

 vaginal  plexus  of   482 

 interlobular  vessels  of  483 

 lobular  vessels  of.   433 

 Intralobular  veins  of.   4-34 

 sublobular  veins  of   434 

 anatomy  of  a  lobule  of   435 

 accessor)'  portal  veins  of  485 

 arrangement  of  the  bile-ducts  in  the  lobules  of. .  485 

 anatomy  of  the  excretory  biliary  passages  of. . . .  486 

 racemose  glands  ottached  to  the  ducts  of.   487 

 vasa  aberrantia  of   437 

 gall-bladder,  hepatic,  cystic,  and  common  ducts 


of  

 nerves  and  Ij'mphatics  of. 

 excretory  flmction  of  

 exth'pation  of  
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Liver,  production  of  sugnr  by   458 

 evidences  of  the  glycogenic  function  of.   469 

 examination  of  tlie  blood  of  tlie  portal  system  for 

sugar   461 

 examination  of  the  blood  of  the  hepatic  veins  for 

sugar   I 

 examination  of  the  blood  from  the  right  side  of 

the  heart  for  sugar   4G2  4G8 

 does  the  liver  normally  contain  sugar  during  life  ?  4C1 

 formation  of  sugar  in  the  liver  dm-ing  life,  which 

is  washed  out  by  the  current  of  blood  400 

 characters  of  the  sugar  produced  by.   400 

 mechanism  of  the  production  of  sugar  in   407 

 glycogenic  matter  of.   467 

 ferment  produced  by,  which  is  capable  of  chang- 
ing glycogenic  matter  into  sugar   403 

 variations  in  the  glycogenic  function  of.   409 

 glycogenosis  in  the  fojtus   469 

 influence  of  digestion  upon  the  glycogenic  func- 
tion of.   469 

 influence  of  dlfierent  lands  of  food  upon  the  gly- 
cogenic function  of.    469 

 influence  of  the  nervous  system  upon  the  pro- 
duction of  sugar  by.   47O  662 

 influence  of  the  iniialation  of  ancesthetics  and  ir- 
ritating vapors  upon  the  production  of  sugar  by. . .  471 

 alleged  production  of  fat  by   472 

 changes  in  the  albuminoid  and  corpuscular  con- 
stituents of  the  blood  in   472 

 influence  of  the  pneumogastrics  upon   062 

 development  of   921 

 proportionate  weight  of;  at  difierent  periods  of 

life   921 

 first  circulation  in   933 

Lochia   943 

Locomotion,  passive  organs  of   543 

Locomotor  ataxia   679 

Lungs,  capillary  circulation  in   S8  110 

 circulation  through   109 

 parenchyma  of   119 

 air-cells  of   120 

 action  of  the  elasticity  of  the  parenchyma  of,  in 

■  expiration   129 

 capacity  of.  igg 

 vital  capacity  of.  ;   138 

 diffusion  of  air  in   138 

 lymphatics  of   390 

 absorption  by  the  respiratory  surface   816 

 development  of.   922 

Lunula  of  the  nail   334 

I-y™?!"   328 

 mode  of  collecting   32S 

 quantity  of.   309 

 influence  of  digestion  upon  the  quantity  of.  829 

 properties  and  composition  of.   829 

 color  of  829 

 specific  gravity  of   830 

 coagulation  of.   339 

 tables  of  composition  of.   331 

 presence  of  glucose  and  urea  in   332 

 corpuscular  elements  of   832,  837 

 globulins  of  333^  337 

 origin  and  function  of.   334 

 comparison  of  constituents  of,  with  those  of 

«hy'e   837 

 circulation  of.   333 

 causes  of  the  movements  of.   838 

 inflnence  of  the  force  of  ondosmosls  upon  the 

movements  of   339 
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Lymph,  influonco  of  the  contractile  walls  of  the  vessels 

upon  the  movements  of   889 

 influence  of  pressure  ll-om  surrounding  parts 

upon  the  movements  of   889 

 influence  of  respiration  upon  the  movements  of  840 

Lymphatic  glands   806 

 function  of.   318 

Lymphatic  trunk,  right   800 

Lymphatics,  not  found  tn  the  coats  of  the  blood-ves- 
sels  07 

 discovery  of   802 

 anatomy  of   803 

 injection  of.   308 

 mode  of  origin  of   808 

 valves  of   803,  809,  340 

 course  and  anastomoses  of   804 

 parts  provided  with   805 

 structure  of.   30S 

 question  of  orifices  in  the  walls  of.   809,  818 

 relations  of,  to  connective  tissue   810 

 of  the  Uver   439 

 of  the  muscular  tissue   588 

Lymph-corpuscles   13 

Macula  acustica    543 

Macula  follicuU   870 

Macula  lutea   775 

Male  organs  of  generation   879 

Male,  action  of,  in  coitus   888 

 erection  in   889 

 orgasm  in   889 

Malleus   gig 

 development  of   922 

Malpighi,  pyramids  of   896 

Malpighian  bodies  of  the  kidney   898,  899 

 arrangement  of  blood-vessels  in   400  ' 

 bodies  of  the  spleen   474 

Mammary  secretion  (see  Milk)   864 

Mammary  glands   355 

 condition  of,  dm'ing  the  intervals  of  lactation  365 

 structure  of,  dm-ing  lactation   366 

 acini  of   806 

Manage,  movements  of.   729 

Manna  

Mannite   132 

Maranta  animdinaaea   igi 

Margaric  acid  _  _  133 

Margarine   183,504 

Mariotte,  experiment  of   792 

Marrow   546 

Mastication   197 

 table  of  muscles  of.   202 

 action  of  the  muscles  whlcli  depress  the  lower 

3"^^   208 

 action  of  the  muscles  which  elevate  the  lower 

jaw  and  move  it  lateraUy  and  antoro-posteriorly . . .  208 

 action  of  the  tongue,  lips,  and  cheeks  in   204 

 action  of  the  orbicularis  oris  and  buccinator  tn . .  205 

 function  of  the  sensibiUty  of  the  tooth  to  hard 

and  soft  substances  in   jOS 

 influence  of,  upon  the  flow  of  the  parotid  saliva. .  207 

-  nerve  of   615 

-  physiological  anatomy  of  the  nerve  of   615 

-  properties  and  flmctions  of  the  nerve  of.   617 

 influence  of  division  of  the  nerve  of,  upon  the 

teeth,  in  the  rabbit   617 

Mastoid  cells   g2i 

Maternal  mhid,  influence  of,  upon  the  development  of 

f'Stus   893  895 
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Miixllla,  superior,  development  of   ^'^^ 

MiixlUn,  Interior,  development  of  123 

MaxlUiiry  bones,  physiological  anatomy  of   201 

 articulations  of   202 

Moats   '^'"^ 

 action  of  the  gastrlo  juloa  upon   248 

 digestibility  of   261 

 action  of  tUe  intestinal  juico  upon   2C7 

 action  of  the  pancreatic  julco  upon   27T 

Meckel,  cartilage  of   "1^' 

Meckel's  ganglion   "^^^ 

Meeonlum   205,921,  943 

Medulla  oblongata,  decussation  of  motor  conductors 

in   fi" 

 physiological  nnntomy  of   ''24 

 general  properties  of   '^26 

 functions  of.   '^26 

 connection  of,  with  resiiiratlon   72G 

 vital  point  in   'f2T 

 action  of,  in  the  reflex  acts  of  yawning,  coughing, 

crying,  sneezing,  vomiting,  etc   T2S 

 influence  of,  upon  glycogeuesis   128 

 influence  of,  upon  the  heart   72S 

 development  of  

Medulla  oblongata  and  pons  Varolii,  weight  of.   690 

Medullary  plates  ;   f '8.  "15 

Medullocclls  '•   540 

Meibomian  glands  861 

 secretion  of.   8C4 

Membrana  basilarls  of  the  cochlea   844 

Membrana  granulosa  of  the  Graafian  follicle   863 

Membrana  media  of  the  ovum   903 

Membrana  tectorla(menibrauoof  Cortl)of  the  cochlea  844 

Membrana!  deciduaj  (see  Decidua;)  OOT 

Membranes  of  the  fcetus,  formation  of   900 

M6ni6re's  disease   718,849 

Mental  emotions.  Influence  of,  upon  lactation  —  870,  876 

Mental  exertion,  influence  of;  upon  the  urine   430 

 influence  of,  upon  animal  heat   514 

Menstruation,  influence  of,  upon  the  exhalation  of 

carbonic  acid  

 influence  of,  upon  lactation   870,  876 

 enlargement  of  the  thyroid  gland  in   483 

 variations  In  the  thickness  of  the  mucous  mem- 
brane of  the  uterus  in   866,  876 

 identity  of,  with  rut   SU,  875 

 relations  of,  to  the  discharge  of  ova   872,  875 

 phenomena  of.  

 supposed  appearance  of;  after  extirpation  of  the 

ovaries  

 influence  of  pregnancy,  lactation,  and  diseases 

upon  

 stages  of.  

 stage  of  invasion  of. .'  

 duration  of   S''" 

 characters  of  the  flow  in   816 

 cessation  of  

 diminution  in  the  excretion  of  urea  in   816 

 Influence  of,  upon  the  pulse   876 

 Influence  of;  upon  the  temperature   876 

Mercury,  absorption  of  minute  particles  of.   818 

M6ry,  glands  of.   883 

Mesenteric  plexus   ^88 

Mesenteric  vein,  development  of.  "84 

Mesentery   257 

 development  of.   "21 

Mesocascum   289 

Mesocephalon  {see  Tuber  annulare)   122 

Mesocolon   289 
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Metalbumen   28 

 foi-mation  of,  by  decomposition  of  plasmlno   29  ' 

Mezzo-soprano   550 

Mlcropllo  870,  890 

Micturition   409 

Milk  177,861 

 digestibility  of   251 

 mechanism  of  the  secretion  of  863 

,  modlflcatlons  of.   809 

 influence  of  diet  upon  809 

 influence  of  liquids  upon   809 

 inflnence  of  alcohol  upon   370 

 influence  of  mental  emotions  upon  870,  870 

 influence  of  the  nervous  system  upon  870,  876 

 quantity  of   870 

 influence  of  pregnancy  upon  870,  876 

 influence  of  menstruation  upon  370,  870 

 general  properties  of   871 

 specific  gravity  and  reaction  of.   871 

 coagulation  of  •  871,874 

 formation  of  cream  upon   871 

 microscopical  characters  of   871 

 table  of  composition  of   873 

 nitrogenlzed  constituents  of  314 

 albumen  in  874 

 comparison  of,  from  the  cow  and  from  the  human 

subject   374 

 fatty  matters  of.   874 

 sugar  of   875 

 fermentation  of  375 

 inorganic  constituents  of   875 

 iron  in   875 

 gases  in   875 

 a  typical  food   375 

 variations  in  the  composition  of.  875 

 variations  in,  at  different  periods  of  lactation  375 

 relations  of  the  quantity  oi;  to  the  previous  se- 
cretion of  colostrum   873 

 of  the  infant   878 

Milk-fever  ■   873 

Milk-globules  872 

 action  of  reagents  upon  372 

 structure  of   373 

Milk-sugar   ^80 

Mitral  valve  39,  47 

Modiolus  of  the  cochlea  823,  844 

Modulation   839 

Moisture  and  temperature,  inflnence  of,  upon  the  ex- 
halation of  carbonic  acid  151 

TSIolai' glands   209 

Molar  teeth   201 

Monocular  vision  

Morgagni,  liquid  of  

 hydatids  of  

Mosses,  edible  

Motor  nerves,  action  of   ^91 

 disappearance  of  irritability  of  596 

Motor-oculi  communis  

 physiological  anatomy  of  

 properties  and  functions  of   610 

 influence  of,  upon  the  iris  611, 196 

Motor-ocuU  cxternus  

 physiological  anotomy  of  

 properties  and  functions  of  

Mouth,  absorption  by  the  mucous  membrane  of  801 

 action  of,  in  phonation  

 action  of,  in  speech  

 first  appearance  of  

Movements  


ISO 

sso 
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Movements,  of  amorphous  contractUo  substance 


(amroboid)   822 

 ciliary   523 

 due  to  elasticity   524 

 muscular   626 

 associated   592 

Mucilages  :   182 

Mucosine   85G 

Mucous  membranes,  lymphatics  of.   806 

 varieties  of   358 

Mucus   854 

 varieties  of   355 

 nasal   856 

 bronchial  and  pulmonary   856 

 of  the  alimentary  canal   357 

 of  the  gall-bladder   35T 

 of  the  urinary  passages  85T 

 of  the  generative  passages   857 

 conjunctival   357 

 virulent  •.   ,357 

 general  function  of   357 

 influence  of,  upon  the  absorption  of  venoms   358 

Muller,  capsule  of   399 

MCiller,  duct  of  {see  Duct  of  MiUler)   927 

Muscles,  connection  of,  with  the  tendons   533 

 voluntary,  terminations  of  nerves  in   570 

 involuntary,  terminations  of  nerves  in   571 

 lymphatics  of.  806 

Muscular  atrophy,  progressive   742 

Muscular  coat  of  the  arteries   66 

Muscular  contraction,  influence  o^  upon  the  venous 

circulation   101 

 influence  of,  upon  the  circulation  of  lymph   840 

Muscular  current   5*2 

Muscular  elTort   542 

 influence  of,  upon  the  arterial  pressure   78 

Muscular  exercise  (see  Exercise)  53,  150,  251, 428,  498,  513 

Muscular  fibres,  involuntary   227,  527 

 characteristic  mode  of  contraction  of   258,  528 

Muscular  movements  (see  Movements)  526 

Muscular  sense   750 

Muscular  system,  development  of   916 

Muscular  tissue  of  the  heart  35,  37 

Muscular  tissue,  involuntary   527 

 contraction  of.   528 

 voluntary   528 

 development  of,  by  e.xercise   529 

 anatomical  elements  of   530 

 sarcolemma,  or  myolemma  of   530 

 reactions  of.   533 

 physiological  properties  of.   533 

 elasticity  of.   534 

 tonicity  of.   534 

 sensibility  of.   534 

 contractility,  or  irritablHty  of   535 

 irritability  of,  distinguished  from  nervous  irrita- 
bility  59,586 

 influence  of  the  blood  upon  the  irritability  of. . . .  537 

 restoration  of  irritabiUty  of,  by  injection  of  blood  537 

 contraction  of.   588 

 no  change  in  the  volume  of,  in  contraction   538 

 changes  in  the  form  of,  during  contrnction  533 

 duration  of  contraction  of,  under  artificial  excita- 
tion  539 

 artificial  spasm  of   539 

 prolonged  contraction  of  (tetanus)   540 

 sound  produced  by  contraction  of.   541 

 fotigue  of.   541 

 electric  phenomena  in   541 


Muscular  tissue,  action  of  the  gastric  juice  upon   248 

 blood-vessels  of   B82 

 lymphatics  of   683 

 chemical  composition  of   683 

Muscular  wave   540 

Musculine  170,  583 

Mushrooms   191 

Musical  sounds  {see  Sound)   826 

Melody   827 

Mustache,  uses  of   890 

Mustard   190 

Mutes   562 

Myeline   666 

Myelocytes   688 

Myelopla.xes   547 

Myolemma   630 

Myopia   788 

Myoslne   538 

Naboth,  ovules  of   666 

Nails,  physiological  anatomy  of   883 

 connections  of,  with  the  skin   885 

 gro\vth  of   8S5 

 development  of   385 

 first  appearance  of   916 

Nares,  posterior,  development  of   924 

Nasal  duct   813 

Nasal  fosste   754 

 action  of,  in  phonation   658 

Nasal  mucus   856 

Nasals   562 

Negative  variation   606. 

Negro,  brain  of   702 

Nerve-cells   576 

 varieties  of   576 

 striation  of,  by  the  action  of  nitrate  of  silver   578 

 connections  of,  with  the  fibres  and  with  each 

other   579 

Nerve-centres,  structure  of   576 

 accessory  anatomical  elements  of   588 

 connective  tissue  of   583 

 blood-vessels  of   588 

 IjTuphatics  of  (perivascular  canals)   588 

Nerve-fibres   565 

 classification  of   506 

 medullated   566 

 tubular  membrane  of   666 

 medullary  substance  of,  or  white  substance  of 

Schwann   666 

 a.xis-cyllnder  of   667 

 simple,  or  non-mednllated   667 

 gelatinous,  or  fibres  of  Eemak   568,  735 

 striation  of,  by  the  action  of  nitrate  of  silver   567 

Nerve-force   597 

 non-identity  of,  with  electricity   597 

 rapidity  of  conduction  of   597 

Nerves,  of  the  arteries   67 

 vaso-motor   67 

 of  the  liver   439 

 structure  of   605 

 accessory  anatomical  elements  of.   568 

 pirinevre  of.   569 

 blood-vessels  of   569 

 branching  and  course  of   669 

 terminations  of,  in  the  voluntary  muBcles   670 

 terminations  of,  In  the  involuntary  muscles   671 

 terminations  of,  in  glands   672 

 sensory,  terminations  of  ,  572,  575 

 terminations  of,  in  the  hair-follicles   576 

 reunion  of   6S5 
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Nerves,  motor  and  sensory   ^^"^ 

 motor,  action  of  

 sensory,  action  of  

 gonenil  properties  of   ^^'^ 

 Irritability  of  (see  Nervous  In-ltablUty)  B94 

 dlsappouranco  of  tlio  sensory  properties  of   69« 

 action  of  electricity  upon  (nee  Electricity)  

 process  of  dylnf  of  

 galvanic  current  from  the  exterior  to  tlio  out  sur- 
face of 


5U9 
601 

608 
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Non-nltrogenlzed  alimentary  principles,  action  of  the 

Intestinal  juice  upon   267 

 relutions  of,  to  animal  heat   517 

 action  of  the  pancreatic  juice  upon  274,  275 

Non-nltrogenlzed  principles  in  the  blood   21 

 action  of,  In  nutrillon   500 

Non-strliited  muscular  Ubres   527 

Nose,  uses  of  the  hairs  In  the  nostrils   890 

 development  of   928 

Notocorde   914 


lacooi.y... I  Nutrition,  relations  of  respiration  to   161 

—  cranial  see  Oranml  nerv^^^^^^^    ?2o  '— quan  tity  and  variety  of  food  necessary  to   191 

 sympathetic  (see  Sympathetic)   i^J  i  ,,„„„^„„  .Rrt 


789 
916 
697 


 description  of  

 distinct  in  motor  and  sensory  nerves. 

 Influence  of  woorara  upon  


-  sympathetic  , 

 vaso-motor  (see  Vaso-motor  nerves), 

 development  of  

Nervous  conduction,  rapidity  of  

Nervous  Irritability  distinct  from  muscular  irritability 

69,  536 
694 
695 
595 

 process  of  disappearance  of,  in  motor  nerves  ...  690 

 momentary  destruction  of,  by  severe  shock  596 

 destruction  of,  by  a  powerful  galvanic  shook  ....  597 

Nervous  system,  influence  of,  upon  the  heart   63 

 influence  of,  upon  absorption   820,  827 

 influence  of,  upon  secretion  847 

 Influence  of,  upon  lactation   870,  876 

 Influence  of,  upon  the  secretion  of  sweat. . .  893 

 influence  of,  upon  the  secretion  of  urine. 405 

 origin  of  cholesterino  in   451 

 influence  of,  upon  the  glycogenic  function  of  the 

470 


liver. 


 influence  of,  upon  animal  heat   514 

 general  considerations. , 


508 


 divisions  of.  

■  physiological  anatomy  of  the  tissue  of   505 

-  anatomical  divisions  of  


.  development  of. 


565 
916 


 functions  of,  in  the  foetus   919 

Nervous  tissue,  composition  of   583 

 fatty  constituents  of.   ^84 

Nervus  IntercostaUs   '39 

Neural  canal  900-918 

 head-fold  of.   900 

Neurilemma  of  the  spinal  cord   G'57 

Neurlne  

Neutral  pjint   *0o 

Ninth  cranial  nerve  (see  Sublingual  nerve)   632 

Nipple,  sebaceous  glands  of  862,  866 

 structure  of   366 

Nitrogen,  proportion  of,  in  the  air   140 

 e.'chalation  of,  in  respiration   154 

 in  the  blood   100 

 quantity  of,  necessary  to  nutrition   192 

 in  milk   375 

Nitrogenized  alimentary  principles   1T6 

 digestion  of  243,267,  277 

Nitrogenized  food,  influence  of,  upon  the  elimination 

of  urea  

 relations  of,  to  animal  heat   618 

Nitrogenized  principles,  action  of  the  gastric  juice 


upon . 


245 


 action  of  the  intestinal  juice  upon   267 

 action  of  the  pancreatic  juice  upon   277 

 action  of,  in  nutrition   493 

Nitrous  oxide,  effects  of,  when  respired   141 

Nodes  in  vibrating  strings   830 

Non-nitrogcnized  alimentary  prhiciplos   ISO 

 action  of  the  gastric  juice  upon   248 


 general  conslderationB  480 

 action  of  Inorganic  principles  in  488 

 principles  consumed  by  the  organism  497 

 action  of  nitrogenized  principles  In  498 

 development  of  power  and  endurance  by  exercise 

and  diet  498 

 action  of  non-nitrogenized  principles  in   500 

 modifications  of,  by  various  conditions  '504 

 relations  of,  to  animal  heat   510 

O'Beh-ne,  sphincter  of  297 

ObUquus  externus,  action  of,  in  expiration   181 

 Internus,  action  of.  In  expiration   131 

CEsophagus,  mfluence  of  contraction  of  the  diaphragm 

upon   "■'^ 

 structure  of.   21S 

 glands  of   218 

 action  of,  in  deglutition   224 

 alternate  contraction  and  reUixatlon  of  224 

 effects  of  division  of  the  ijneumogastrics  upon. .  662 

 development  of   921 

Oils  (see  Fats)   183 

Oken,  bodies  of  927 

Oleine  183,  504 

Oleo-phosphoric  acid   ^35 

Olfaction,  mechanism  of  

 relations  of,  to  gustation   T5S 

Olfactory  gangha,  or  bulbs   "j^^ 

Olfactory  commissures  and  nerves,  development  of. 

Olfactory  nerves  

 physiological  anatomy  of  

 general  properties  of  

 functions  of  

Olivary  bodies  

Olive-oil  

Omentum  

 development  of  •  ■■ 

Omphalo-mesenterio  vessels   904,  931,  93'- 

Ophthalmic  ganglion  

Ophthahnoscope  •  •  •  •  • 

Opium,  exaggeration  of  the  reflex  excitability  of  the 

spinal  cord  by   ^'^^ 

Optic  commissure  

Optic  lobes  (see  Tubercula  quadrigemlna)  

Optic  nerves,  physiological  anatomy  of  •  •  •  •  ' 

'     ,  e    722,  7dS 

 decussation  of   '■HQ 

 general  properties  of  

 effects  of  stimulation  of   " 

 expansion  of.  In  the  retina  

 development  of.   . 

Optic  thalami,  physiological  anatomy  of  


919 
754 
755 
756 
757 
724 
183 
2S9 
921 


731 
791 


777 
919 


■  functions  of. 


917 


 development  of  

Ora  serrata  of  the  retina  •  ■   ' 

Orbicularis  oris,  action  of;  In  mosticatlon  

Orbicularis  palpebrarum  

Organic  matter,  e.-chalation  of,  by  the  lungs  
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Organic  nervous  system  (see  Sympathetic)   729 

Organic  non-nitrogenized  principles  in  the  blood   21 


Organic  saline  principles  in  the  blood   21 

Organic  nitrogenized  principles  in  the  blood   22 

Orgasm,  in  the  male   8S9 

 in  the  female   890 

Osmazomo   1^8 

Osmosis   821 

Ossicles  of  the  ear   819,  841 

 mechanism  of  the  action  of   841 

Ossification  of  the  skeleton  '.  915 

 time  of,  for  various  bones   916 

Osteine   177,  544 

Osteoplasts  i   545 

Os  uteri   S64 

 action  of;  in  coitxis   890 

Otic  ganglion   731 

Otoconia,  or  otoliths   843,  846 

Ovarian  tubes   860 

Ovaries,  situation  of   853 

 ligament  of   858,  859 

 structure  of  859 

 cortical  and  medullary  substance  of   859 

 Graafian  follicles  of   859 

 blood-vessels,  nerves,  and  lymphatics  of   860 

 development  of   860 

 passage  of  spermatozoids  to   892 

 first  appearance  of   927 

 develojjment  of  the  Ugament  of   928 

Overtones   829 

Ovules  of  Naboth   866 

Ovum,  primordial  -860,  869 

Ovum,  situation  oi,  in  the  Graafian  follicle   863 

 structure  of   869 

 zona  pellucida  of   869 

 vitelline  membrane  of   870 

 micropile  of   870,  896 

 viteUusof   870 

 discharge  of,  from  the  Graafian  folHele   870 

 influence  of  copulation  upon  the  discharge  of 

871,  872 

 relations  of  the  discharge  of,  to  menstruation  872, 875 

 passage  of,  into  the  Fallopian  tube   872 

 passage  of,  into  the  Fallopian  tube  upon  the  op- 
posite side   873 

 duration  of  vitality  of.   892 

 coating  of,  with  albumen,  in  the  Fallopian  tube 

892,  899 

 union  of  spermatozoids  with   896 

 membrana  media  of   903 

Oxalate  of  lime   420 

 formation  of,  from  urate  of  ammonia   421 

Oxaluria  '  420 

Oxygen,  absorption  of,  by  the  blood-corpuscles 

13,  156,  160 

 proportion  of,  in  the  air  140 

 minimum  proportion  oi,  In  the  air,  capable  of 

supporting  life   UO 

 cfi'ects  of  respiration  of  pure   141 

 consumption  of  (see  Eespiration)   141 

 relations  of  the  consumption  of,  to  the  exhalation 

of  carbonic  acid   143,  152 

 analysis  of  the  blood  for   158 

 proportion  of,  in  the  blood  168 

 in  milk   375 

 relations  of  the  consimnption  of,  to  animal  heat. .  519 

Oxyhoimaglobine   17,  160 

Oysters,  digestibility  of   251 

Ozone   140 


Pacini,  corpuscles  of   573 

Palatals   062 

Palate   216 

 muscles  of   217 

 action  of,  in  protecting  the  posterior  nares  dur- 
ing deglutition   220 

 action  of  the  velum  of,  in  phonation   55S 

 action  of,  in  speech   502 


influence  of  the  facial  nerves  upon  the  move- 


ments of   628 

 development  of   924 

Palato-glossus   217 

Palato-pharyngeus  .".   217,  821 

Palpitation  of  the  heart   59,  61 

Pancreas,  physiological  anatomy  of.   268 

 exth-pation  of   274 

 development  of   921 

Pancreatic  fistula   269 

Pancreatic  juice   268 

 mode  of  secretion  of   271 

 general  properties  of   271 

 reaction  and  specific  gi"avity  of   272 

 composition  of   272 

 quantity  of   272 

•  alterations  of   273 

 action  of,  in  digestion   273 

 action  of,  npon  fats   273 

 action  of,  upon  starchy  and  saccharine  prin- 
ciples  275 

 action  of,  upon  albuminoids   277 

Pancreatine   272 

Panniculus  adiposus   381 

Paraglobuline   29 

Parotid  saliva  {nee  SaUva)   200 

Parovarium   863,  928 

Parturition,  separation  of  the  placenta  in   911,  942 

 cause  of  the  first  contractions  of  the  uterus  in.. .  942 

 arrest  of  hiemorrhage  after   948 

 after  death  946 

Par  vagum  nerve  {see  Pneimiogastrio)   644 

Patheticus   613 

 physiological  anatomy  of   613 

 properties  and  functions  of   613 

Pavement-epithelium   850,  353 

Pectine   182 

PectoraUs  major,  action  of  the  inferior  portion  oi;  in 

respiration  '.   128 

Pectoralis  minor,  action  of,  in  respiration   128 

Pectose  •  •  •  •  182 

Penis,  erection  of   889 

 development  of   980 

Pepper   190 

Pepsin   287 

Peptic  glands   229 

Peptone,  albumen   245 

 fibrin   246 

 caseine   246 

Peptones   28,246 

Pericardial  secretion   852 

Pericardium   85 

 dev^opment  of   934 

Perilymph  of  the  labyrinth   846 

Perimysium   631 

Firinevre   509 

Peristaltic  movements  of  the  small  intestine   285 

 influence  of  the  bile  upon   288,  286 

 influence  of  the  nervous  system  npon   287 

Peritoneal  cavity,  flrst  appearance  of   914 

Peritoneal  secretion   852 
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Perivascular  canols   107,  688,  AGS 

Porsplratlon       Sweat)   891 

Pettoukol'ur'a  cbiimbor  for  studying  tho  processos  of 

rosplratioa   I't^ 

Pettoukofcr's  test  for  bilo   449 

Peyor,  patches  of   2G3-  207 

Pharyngeal  glands   209 

Pharyngeal  plexus   T88,  708 

Pharynx,  physiological  anatomy  of  215 

 muscles  of   217 

 mucous  membrane  of   217 

 action  of  the  muscles  of,  in  deglutition   220 

 action  of,  in  phonatlon   B58 

 dovelopment  of   "21 

Phonatlon  (see  Voice)  554 

Phosphate  of  lime,  function  of,  in  alimeutatlon   185 

 table  of  quantities  of   495 

 general  function  of   495 

 origin  and  discharge  of   495 

Phosphate  of  magnesia   497 

Phosphate  of  potassa   497 

Phosphate  of  soda   497 

 Influence  of,  upon  the  capacity  of  tho  blood  for 

absorbing  carbonic  acid   100 

Phosphates,  elimination  of,  in  tho  urine  {see  Urine)..  423 

 proportion  of,  in  the  blood  of  herbivora  and  car- 

nivora   423 

Phosphorized  fats   534,  535 

Phrenic  nerve   125 

Phrenic  plexus   ^33 

Pia  mater  cerebri   607 

 first  appearance  of   916 

Pia  mater  testis   880 

Picromel   444 

Pineal  gland   485 

Pinna  of  the  ear   817 

Pitch  of  musical  sounds   826 

Pituitary  body   485 

Pituitaiy  membrane   "fSS 

Placenta,  glycogenic  fimction  of   469 

 first  appearance  of   905,  90S 

 development  and  structure  of   903 

 maternal  portion  of   909 

 injection  of,  from  the  sinnses  of  the  uterus   909 

 connection  of  the  maternal  and  fietal  portions 

of  -   910 

 stinicture  of,  fully  developed   910 

 cotyledons,  or  lobes  of    910 

 dissepiments  of  ,   910 

 blood-vessels  of   911 

 curhng  arteries  of  '•  ■  •  911 

 villi  of   911 

 separation  of,  in  parturition   911,  942 

Placental  cu-culation   933 

Plasma  of  the  blood  (see  Blood)   6 

 coloring  matter  of   23 

Plasmlue   22 

 decomposition  of  into  fibrin  and  metalbumen  in 

coagulation  of  the  blood   29 

Platysma  of  the  uterus   864 

Pleural  secretion  

Pleuro-perltoneal  cavity,  first  appearance  of   914 

Plica  semilunaris   812 

Pneumate  of  soda  In  the  blood   21 

Pneumic  acid   21 

 action  of,  upon  the  alkaline  carbonates  and  bl- 

carbonates  In  the  blood   158, 160 

Pneumogastrlc  nerves,  Influence  of,  upon  tho  action 
of  the  heart   ^9'  00 
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Pneumogastrlc  nerves,  hunger  aftor  section  of. ,  .174,  004 

 iuUuenco  of,  upon  tho  movcmcuta  of  tho  small 

Intestine   287 

 physiological  anatomy  of   044 

 deep  origin  of   044 

 ganglia  of   045 

 anastomoses  of   015 

—  distribution  of   010 

—  difference  in  tho  disti-ibutlon  of  tho  nerves  of 
tho  tv^o  sides,  to  the  abdominal  organs   648 

—  properties  and  functions  of   048 

—  general  properties  of  tho  roots  of.   049 

—  properties  and  functions  of  tho  nurlcuUir  branch 

of.   650 

 properties  and  functions  of  the  superior  laryngeal 

branch  of   051 

 influence  of  the  superior  laryngeal  branch  of, 

upon  the  voice   051 

 Influence  of  the  superior  laryngeal  branch  o^ 

upon  deglutition   061 

 influence  of  the  superior  laryngeal  branch  of, 

upon  respiration   052 

 properties  and  functions  of  the  Inferior,  or  recur- 
rent laryngeal  branch  of.   052 

 Influence  of  the  Inferior  laryngeal  branch  of;  upon 

the  movements  of  the  larynx.  110,  652 

 Influence  of  the  inferior  laryngeal  branch  of,  upon 


respiration . 


053 


influence  of  the  inferior  laryngeal  branch  of,  upon 

deglutition   053 

 effects  of  section  of,  upon  the  circuhition  053 

 effects  of  section  of,  upon  the  respiratory  move- 
ments....,  053,659 

 want  of  action  of  digitalis  upon  the  heart  after 

section  of   654,  665 

 effects  of  galvanization  ot  upon  the  circula- 
tion  654,  053 

 direct  influence  of,  upon  the  heart   654,  053 

 condition  of  the  lungs  after  death  foUowing  sec- 
tion of   659 

 effects  of  galvanization  ot,  upon  respiration  001 

  properties  and  functions  of  the  oesophageal 

branches  of   002 

 effects  of  division  of,  upon  the  cesophagns. .  252,  002 

 properties  and  functions  of  the  abdominal 

branches  of.  -  062 

 Influence  of,  upon  the  liver   471,  662 

 influence  of,  upon  the  stomach   252,  063 

 effects  of  galvanization  of,  upon  the  stomach. ...  663 

 effects  of  section  of,  upon  the  movements  of  the 

stomach  and  the  secretion  of  gastric  juice          252,  604 

 distribution  of,  to  the  Intestinal  canal   665 

 want  of  action  of  purgatives,  after  section  of  665 

Polar  globule  of  the  vitellus   897 

Pons  Varolii  and  meduUa  oblongata,  weight  of   690 

Pons  Varolii  (see  Tuber  annulare)   ^22 

 development  of.   917,  913 

Portal  system  of  the  kidney   401 

Portal  vein,  distribution  of  (see  Liver)   482 

 Influence  of  obliteration  of,  upon  the  secretion 

of  bile   «0 

 temperature  of  tho  blood  in   " 

Portio  dura  of  the  seventh  cranial  nerve  (see  Facial 

V    618 

nerve)  

Pregnancy,  influence  of,  upon  lactation   8(0,  8^6 

 influence  of,  upon  menstruation  

 Influence  of,  upon  the  corpus  luteum   878 

—  FaUoplan  

 abdominal   892,  J4^ 
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Pregnancy,  influonco  of,  upon  subsoquont  offspring.. .  8'J4 

 enlargeiueut  of  tUe  uterus  iu   938 

 enlai'gement  of  the  heart  in   939 

 duration  of   939 

 multiple   941 

 extra-uterine   942 

Prehension  of  solids  and  liquids   197 

Prepuce,  smegma  of   862 

Presbyopia   789 

Primitive  trace  of  the  embryon   899,  900 

Prisms,  action  of,  upon  light   786 

Progressive  musculai-  atrophy   742 

Prostate   883 

Prostatic  fluid,  uses  of   883 

Protagon   29,  584,  585 

Protoplasm  522 

Proximate  principles   20 

Ptosis  {see  Blepharoptosis)   GU,  812 

Ptyaline   2U 

 action  of,  upon  starch   214 

Puberty,  influence  of;  upon  the  exhalation  of  carbonic 

acid  in  the  female   148 

 period  of   874,945 

Pulmonary  artery,  pressure  of  blood  in   109 

 development  of   932,  933 

Pulmonary  cu'culation   109 

Puknonary  mucus   856 

Pulmonic  semilunar  valves   88  48 

 safety-valve  function  of.  •.  48, 109 

Pulp-cavity  of  the  teeth   199 

Pulse,  frequency  of,  at  different  ages   52 

 in  the  sexes   52 

 influence  of  digestion  upon  the  frequency  of   52 

 influence  of  muscular  e.vertion  upon  the  fre- 
quency of.   52,  53 

 comparative  frequency  of,  in  sitting  and  standing  52 

 influence  of  temperature  upon  the  frequency  of.  53 

 influence  of  sleep  upon  the  frequency  of   53 

 production  of,  and  locomotion  of  the  arteries   70 

 investigation  of,  by  the  finger   71 

 gradual  delay  of,  receding  fi-om  the  heart  ". .  71 

 pathological  varieties  of   71,  74 

^ — form  of.  ■   71 

 movements  o^.  in  the  foot  when  the  legs  are 

crossed   71 

 traces  of   72,  73 

 influence  of  temperature  upon  the  form  of . . .  73,  74 

 dicrotism  of   73,  74 

 in  the  veins   99, 106 

 relation  of  the  frequency  of,  to  the  respiratory  acts  132 

 influence  of  menstruation  upon   876 

Punctum  coecum  of  the  retina   792 

Pupil   774,919 

Pupillary  membrane   775,  919 

Purgatives,  want  of  action  of,  after  section  of  the 

pneumogastrics   66 

Purkinje,  vesicle  of.   870 

Pus-corpuscles   13 

Putrefaction  of  the  body  after  death   947 

Pyloric  muscle   227 

Qniokenmg   911 

Quince-seeds  182 

Rape-seed  oil   183 

Rcceptaculum  chyli   302,807 

Rectum,  mnscular  coat  of.   290 

 physiological  anatomy  of   291 

 development  of   920 
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Recurrent  laryngeal  nerves  {see  Pnoumogastrie)   052 

Recurrent  sensibility   590 

Reflex  action  In  respiration   160,  600,  727 

Reflex  action,  time  occupied  by   599 

 definition  of   OSS 

 of  the  spinal  cord   6S4 

 conditions  necessary  to  the  manifestations  of. . .  680 

 exaggeration  of,  by  poisoning  with  opium  or 

strychnine   686 

 abolition  of,  by  aniesthetlcs   687 

 examples  of.   687 

 operating  through  the  sympathetic  system   740 

 in  the  fostus   919 

Refraction  (see  Light  and  Eye)   787,  793 

Reil,  island- of.  -   705 

Reissner,  membrane  of   844 

Kemak,  fibres  of.   568,735 

Renal  veins,  color  of  the  blood  in   5 

 non-coagulation  of  the  blood  of   80 

Reproduction  (see  Generation)   852 

Eesei-ve  air  1S6 

Residual  air   136 

Resonators  of  Helmholtz   831 

Respiration,  relations  of  the  blood-corpuscles  to   13 

 influence  of,  upon  the  action  of  the  heart  54, 110 

  voluntary  arrest  of,  with  arrest  of  the  action  of 

the  heart   55 

 influence  of;  upon  the  arterial  pressure   78 

 relations  of,  to  the  capillary  circulation   89 

 relations  of,  to  the  venous  circulation   105 

 general  considerations  and  deflnition  of   114 

 function  of  the  blood  in   115 

 essential  conditions  in   115 

 physiological  anatomy  of  the  organs  of.   116 

 movements  of.   121 

 ribs,  arrangement  of.   122 

 table  of  muscles  of,  used  in  inspu-ation   128 

 auxihary  muscles  of,  used  in  inspiration   127 

 table  of  muscles  of,  used  in  expiration   180 

 action  of  the  abdominal  muscles  in   131 

 types  of   131 

 differences  In  types  of,  in  the  sexes  and  at  differ- 
ent ages   132 

 frequency  of  the  movements  of   182 

 relations  of  the  frequency  of  the  movements  of,  to 

the  pulse   132 

 influence  of  age  upon  the  frequency  of  the  move- 
ments of   132 

 relations  of  inspiration  and  expu-ation  to  each 

other   133 

 arrest  of,  in  straining,  etc   133 

 stethoscopic  sounds  of. . . . .'   133 

 extreme  breathing  capacity.   137 

 relations  In  the  volume  of  the  expired  to  tho 

inspired  air   isg 

 diffusion  of  gases  in   139 

 of  pure  oxygen   141 

 consumption  of  oxygen   141 

 variations  in  tho  consumption  of  oxygen  with 

musculijr  activity,  external  temperature,  and  diges- 
tion  142 

 variations  in  tho  consumption  of  oxygen,  sleeping 

and  waking   143 

 variations  in  tho  consumption  of  oxygen  with 

ago   148 

 variations  in  the  consumption  of  o.xygon  in  lean 

and  fat  animals   543 

 relations  of  the  consumption  of  oxygen  to  tlio 

production  of  carbonic  acid   143, 152 
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Ecsplratlon,  ofToots  upon  tho  consumption  of  oxygen 

of  iuci-oaslng  Its  proportion  lu  tho  ulr   143 

 offocts  upon  tho  cousumplion  of  oxygon  of  con- 
fining an  animal  In  a  mixture  of  oxygen  and  hy- 


drogen . 


148 


 quantity  of  oxygen  consumed  per  hour  in   144 

 changes  hi  tho  air  in  passing  through  the  lungs  144 

 elevation  in  temperature  in  the  air  in  passhig 

through  tho  luugs   144 

 cxhalatiou  of  carbonic  acid  in   144 

 variations  in  tho  exhalation  of  carbonic  acid  with 

the  frequency  and  extent  of  the  acts  of   145 

 quantity  of  carbonic  acid  exhaled  per  hour  in. . .  140 

 intluonco  of  sleep  upon  tho  exhalation  of  coi-- 

bonicacid  in  .  .140,160 

 influence  of  ago  upon  tho  exhalation  of  carbonic 

acid  in  :  

 InUuonce  of  sex  upon  tho  exhalation  of  carbonic 

acid  In   1« 

 luliuenco  of  digestion  upon  tho  exhalation  of  car- 
bonic acid  In   143 

 intluence  of  inanition  upon  tho  o.xhaUition  of  car- 
bonic acid  in   1*8 

 influence  of  diet  upon  tho  exhalation  of  carbonic 

acid  in   148 

 influence  of  alcoholic  beverages,  tea,  and  coffeo 

upon  the  exhalation  of  carbonic  acid  in   149 

 influence  of  tea,  coffee,  and  tobacco  upon  the  ex- 
halation of  carbonic  acid  in   149 

 Influence  of  mental  depression  upon  the  exhala- 
tion of  carbonic  acid  in   150 

 influence  of  exercise  upon  the  exhalation  of  car- 
bonic acid  In  

 influence  of  moisture  and  temperature  upon  tho 

exhalation  of  carbonic  acid  in  

 influence  of  season  upon  the  e.\halation  of  car- 
bonic acid  in  

 relations  behvoen  the  quantity  of  oxj'gen  con 

sumed  and  the  quantity  of  carbonic  acid  exhaled. . 

 Bom-ces  of  the  carbonic  acid  exhaled  in   153 

 exhalation  of  watery  vapor  in   153 

 exhalation  of  ammonia,  organic  matter,  etc.,  in..  154 

 exhalation  of  nitrogen  in   154 

 changes  in  the  blood  in   155 

 mechanism  of  the  interchange  of  gases  between 

the  blood  and  tho  air  in   161 

 relations  of,  to  nutrition   161 

 essential  processes  of   162 

 combustlon-theorj'  of.     163 

 cutaneous  168 

 in  a  confined  space    ITO 

 relations  of,  to  deglutition   220 

 connection  of  the  medulla  oblongata  with   720 

 influence  of,  upon  the  circulation  of  lymph   840 

 relations  of,  to  animal  heat   518 

 influence  of  the  superior  kryngeal  branches  of 

the  pneumogastrics  upon   052 

 influence  of  the '  inferior  laryngeal  branches  of 

the  pneumogastrics  upon   658 

 effects  of  section  of  the  pneumogastrics  upon  653, 659 

 effects  of  galvanization  of  the  pneumogastrics 

upon   661 

 movements  of  tho  brain  with   66S 

Respiratory  efforts  before  birth   16T,  919 

Respiratory  excitants   149 

Eesphatory  movements,  reflex  character  of;  and  causo 

of  these  movements   166,  GOO,  727 

Respiratorj'  movements  of  the  glottis   658 

Respiratory  non-exciters   149 


150 


151 


181 


162 
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Respiratory  sense   104,  000,  727 

Restlform  bodies   725 

Resultant  tones   881 

Rete  testis   B81 

Retina   775 

 ora  serrata  of   770 

 macula  lutea  of   770,  791 

 fovea  centralis  of   776,  791 

 layers  of.   770 

 layer  of  rods  and  cones  of   776,  791 

 external  granule-layer  of.  777 

 Intcr-granule  layer  (conc-flbre  plexus)  of  777 

 internal  granule  layer  of   777 

 granular  (molecular)  layer  of.   777 

 layer  of  ganglion-cells  of   777 

-  expansion  of  the  optic  nerve  In   777 

 limitary  membrane  of   777 

—  connective  tissue  of   778 

—  connection  between  the  rods  and  cones  and  the 
ganglion-cells  of   778 

—  blood-vessels  of   778 

—  sensibility  of  the  layer  of  rods  and  cones  of —  791 

—  shadows  of  tho  vessels  of   791 

 relative  sensibility  of  different  parts  of   792 

 corresponding  points  in   802,  803,  610 

Retractors  of  the  anus   290 

Eetrahens  aurem   818 

Rlglit-handedness  (see  Dextral  preeminence)   944 

Rigor  mortis  (see  Cadaveric  rigidity)   940 

Rlma  glottidls   116 

Rods  of  the  retina   776, 791 

Rolling  movements  following  injury  of  certain  parts 

of  the  encephalon,  etc   723 

Rosenmiiller,  organ  of   808,  923 

Rulofi^  brain  of   703 

Rumination  

Russian  baths   ^^1 

Rut,  identity  of,  with  menstruation   871,  S75 

Ruysch,  tunic  of.  


772 


Saccule  of  the  internal  ear  

 distribution  of  the  nerves  in  

Sacro-lumbalis,  action  of;  in  expiration. 
Sacrum,  consoUdation  of  ;  • 


Saliva  

Saliva,  parotid  

 secretion  of  

 action  of,  upon  starch  

 relations  of  the  flow  of,  to  mastication   207, 

 alternation  in  the  secretion  of;  upon  the  two 

sides  

Saliva,  snbmaxlUary  

 influence  of  sapid  substances  upon  the  secre- 
tion of  

Saliva,  sublingual  

 influence  of  sapid  substances  upon  the  secretion 


of.. 


Saliva,  fluids  from  tho  smaller  glands  of  tho  mouth, 

tongue,  and  pharynx  

Saliva,  mi.xed  • 

 influence  of  matters  introduced  into  tho  stomach 

through  a  gastric  fistula  upon  the  secretion  of  

 influence  of  the  sight,  odor,  or  thought  of  food 

upon  tho  secretion  of  

 quantity  of  

 reaction  of  

 quantity  of;  secreted  during  the  intervals  of  mas- 

tlcotlon  


848 
846 
131 
914 
181 
205 
200 
206 
206 
214 

207 
208 


208 

209 

209 
210 

210 

210 
210 
210 

210 
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Saliva,  mixed,  general  properties  and  composition  of  210 

 specific  gravity  of.   210 

 sulpbo-cyanido  in   211 

 table  of  tlie  composition  of   211 

 organic  principle  of.   211 

 functions  of   212 

 action  of,  upon  stircli   212 

 influence  of,  upon  deglutition   214 

 mechanical  functions  of.   214 

Salivary  fistula   206 

Salivary  glands....   205 

Saponification   184 

Sarcode   522 

Sarcolactates   418 

Sarcolemma   530 

Savors   759 

Scala  tympani  of  the  cochlea   844 

Scala  vestibull  of  the  cochlea   844 

Scalene  muscles,  action  of,  in  respiration   125 

Scarf-skin  (see  Skin)   381 

Scarpa,  humor  of   846 

Schlemm,  canal  of   775 

Schneiderian  mucous  membrane   755 

Schwann,  sheath  of   566 

 white  substance  of   566 

Sclerotic  coat  of  the  eye   770 

 development  of   919 

Scrotum   880 

 development  of   930 

Scurvy   193 

Season,  influence  of,  upon  the  exhalation  of  cai-bonic 

acid   151 

 influence  of,  upon  the  diet   172. 193 

 influence  of,  upon  the  m'ine   427 

Sebaceous  glands   853 

 first  appearance  of   916 

Sebaceous  matter.   858, 361 

 of  the  nipple   362 

Secreted  fluids,  tabular  view  of   350 

Secreting  organs,  general  structure  of.   348 

Secretion,  general  considerations  341 

 mechanism  of   342 

 classification  of  the  products  of   342 

 distinction  of,  from  excretion   342 

 mechanism  of,  as  distinguished  fi:om  excretion..  343 

 action  of  glandular  epithelium  in   343 

 intermittency  of;  as  distinguished  from  e.xcretion  344 

—  influence  of  the  composition  and  pressure  of  the 

blood  upon   840 

 influence  of  the  nervous  system  upon   347,  738 

 centres  presiding  over   347 

 influence  of  the  sympathetic  system  upon   738 

Segmentation  of  the  viteUus   896 

Semen   883 

 quantity  of   884 

 general  characters  of   884 

 chemical  constitution  of   884 

 mucous  secretions  mixed  with   884 

 in  advanced  ago  886 

 ejaculation  of   889 

 penetration  of,  into  the  uterus   891 

 passage  of,  through  the  Fallopian  tubes   892 

 time  occupied  by  passage  of,  to  the  ovaries   892 

Semicircular  canals,  bony   822 

Semicircular  canals,  membranous   843 

 ampulto  of   843 

 distribution  of  the  nerves  in   846 

 septum  transversnm  of.   846 

 functions  of.   849 
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Semicircular  canals,  influence  of,  upon  equilibration . .  849 

 disease  of  (Meniere's  disease)   718,  849 

 development  of   919 

Semilunar  ganglia   738 

Semilunar  valves,  pulmonic   38,  48 

 pulmonic,  safety-valve  function  of   48, 109 

 aortic  ,   39,  48 

Seminal  vesicles   882 

Seminiferous  tubes   880,  885 

Semivowels   562 

Sensation  in  amputated  mombors,  etc   693 

Sensory  nerves,  action  of   592 

 disappearance  of  the  physiological  properties  of  59C 

 effects  of  aniBsthetics  upon   596 

Septum  lucidum,  development  of.   918 

Serine   28 

Serolino   295 

Serottna,  cells  of   911 

Serous  cavities,  absorption  from   317 

Serous  fluids   351 

Serous  membranes   850 

Serratus  magnus,  action  of,  in  respiration   123 

Serratus  posticus  superior,  action  of,  m  respiration. . .  127 

Serum  of  the  blood  (see  Blood)   24 

Seventh  cranial  nerve,  portio  dura  of  (see  Facial  nerve)  618 

 portio  mollis  of  (see  Auditory  nerves)   815 

Sex,  influence  of,  upon  the  pulse   52 

 influence  of,  upon  the  exhalation  of  carbonic 

acid   147,  150 

 influence  of,  upon  the  urine  ^  426 

 determination  of,  in  the  foetus   693 

Sexual  intercourse  (see  Coitus)   887 

Shells  of  cocoa   190 

Sighing   134,  167 

Sinus  terminalis  of  the  area  vascvilosa   981 

Smuses  of  Valsalva   89,  64 

Sixth  cranial  nerve  (see  Motor  oculi  externus)   614 

Skeleton,  ossification  of.   915 

Skin,  respiration  by   163 

 effects  of  an  impermeable  coating  appUed  to  168,  891 

 distribution  of  lymphatics  in  .305 

 absorption  by   314 

 physiological  anatomy  of.   380 

 extent  and  thickness  of   880 

 layers  of.   881 

 layer  of  corium   831 

 reticulated  layer  of   881 

 papillary  layer  of.   381 

 epidermis   382 

 rete  mucosum,  or  Malpighian  layer  of   882 

— -  of  the  negro   882 

 horny  layer  of.   882 

 general  uses  of   391 

 amount  of  exhalation  from   393 

- — development  of   916 

 action  of,  in  the  equaUzatlon  of  the  animal  heat. .  521 

Skull,  development  of   915 

Sleep,  influence  of,  upon  the  pulse   53 

 influence  o^  upon  the  consumption  of  oxygen . . .  143 

 influence  of,  upon  the  exhalation  of  carbonic  acid  140 

 influence  of,  upon  digestion   251 

 phenomena  of.   743 

 condition  of  the  brain  and  nervous  system  In  746 

 produced  by  pressure  on  the  carotids   747 

 theories  of.   747.  749 

 conditions  of  various  f\mctions  in   749 

Smegma  of  the  prepuce  and  of  the  labia  minora   802 

Smell  (see  Olfaction)   758 

Sneezing   134 
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Suorlng   188 

Sobbing  125,  185 

Solar  pluxiis  '   f*^** 

SoUUu-y  glimds  of  tUo  Intostluo                    'iOl,  20T,  '^iUl 

Souiiuorlu;;,  yellow  spot  of   ™ 

Sopi-auo   ^50 

Sound,  physics  of   ''^^ 

 laws  of  vibrations  of.   S24 

 propneatiou  of  

 reflection  of.    

 refraction  of  

 sliadows  of  

 rapidity  of  transmission  of.   825 

 noisy  and  musical   ^28 

 pitcliof.   820 

 rango  of,  in  music   820 

 musical  scale  of   827 

 quality  of.   828 

 harmonics,  or  overtones   829 

 resultant  tones  ,   881 

 summation  tones   832 

 harmony   832 

 chords   832 

 discords   883 

 beats   883 

 tones  by  influence  (consonance)   634,  887 

Sounds  of  the  heart   48 

Soups,  digestibility  of.   251 

Spasm,  artiflcial   ^39 

Speech,  mechanism  of   BOO 

 action  of  the  moutli,  teeth,  lips,  tongue,  and  pal- 


ate m. 


562 


■  modifications  of,  in  cases     cleft  palate  or  hare- 
lip  502 

Spermatlu  cells   880 

Spermatic  cord   8S0 

Spermatiuo   884 

Spermatozoids   884 

 discovery  of   884 

 movements  of.   8S5 

 Intermediate  segment  of   885 

 action  of  water,  reagents,  cold,  heat,  etc.,  upon. .  885 

 development  of   885 

 in  advanced  age   886 

 duration  of  the  vitahty  of;  hi  the  female  genera- 
tive passages   893 

 penetration  of,  through  the  vitelline  membrane..  896 

Spheno-palatlne  ganglion   "fSl 

Spherical  aberration   '^89 

Sphygmograph   ''2 

Sphincter  of  the  bladder   403 

Sphinctersof  the  anus   290-298 

Spices  ••  1"" 

Spina  bifida   915 

Spinal  accessory  nerve   627 

 physiological  anatomy  of.   627 

 small,  Internal,  or  communicating  branch  of,  to 

the  pneumogastric   "28 

 properties  and  functions  of.   628 

 functions  of  the  Internal  branch  of   629 

 extu-patlon  of;  in  living  animals   629 

 infiuence  of,  upon  phonation   629 

 Influence  of,  upon  deglutition   631 

 influence  of,  upon  the  heart   631,  655,  058 

 functions  of  the  external,  or  muscular  branch 

of,  going  to  the  stomo-cleldo  mastoid  and  trapezius 

muscles   "31 

Spinal  column,  development  of.    915 

 twisting  of,  in  the  embrj'on   915 
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Spinal  column,  temporary  caudal  appondago  of   1)15 

Spinal  cord,  arrest  of  the  action  of  the  heart  by  sud- 
den destruction  of   69 

 lymphatics  of   806 

 regeneration  of.   680 

 neurilemma  of   007 

 physiological  anatomy  of.   COS 

 fllum  termlnale  of.     009 

 proportion  of  whlto  to  gray  substance  In  differ- 
ent portions  of.   009 

 direction  of  the  fibres  in   671 

 connections  of;  with  the  roots  of  the  nerves   672 

 general  properties  of   078 

 excitable  and  sensible  portions  of.   074 

 transmission  of  motor  stimulus  in   070 

 direction  of  motor  conductors  In   670 

 decussation  of  the  motor  conductors  of   070 

 transmission  of  sensory  impressions  in   077 

- —  the  posterior  white  columns  of,  do  not  serve  as 

conductors  of  sensory  impressions..   678 

 conduction  of  sensory  impressions  by  the  gray 

substance  of   678 

— —  fimction  of.  In  connection  with  muscular  coordi- 
nation  079,  711 

 decussation  of  the  sensory  conductors  of.   6SU 

 hypora?sthesla  due  to  injui-y  of  portions  of.   OSO 

 summary  of  the  action  of,  as  a  conductor   CS2 

 action  of,  as  a  nerve-centre  :   088 

 reflex  action  of  (see  Keflex  action)   084 

 dispersion,  or  diffusion  of  impressions  In   0S5 

 development  of.   917 

Spinal  nerves,  distinction  between  motor  and  sensory 

roots  of   587 

 properties  of  the  posterior  i-oots  of   5S9 

 properties  of  the  anterior  roots  of  590 

 distribution  of   000 

 connections  o^  \vlth  the  spinal  cord   072 

Splanchnic  nerves   783 

Spleen,  relations  of,  to  the  blood-corpuscles   13 

 proportion  of  leucocytes  in  the  blood  of  the  vems 

ot.   15 


 physiological  anatomy  of  

 fibrous  structure  of  (trabeculas)  

 Malpighlan  bodies  of  

 spleen-pulp  

 blood-corpuscle-containing  ceils  of.  

 blood-vessels  and  nerves  of  

 contractility  of  

 chemical  constitution  of. . .  

 functions  of.  

 changes  in  the  constitution  of  the  blood  by  

 variations  in  the  volume  of.  

 extirpation  of.  

 mfluence  of  extirpation  of,  upon  the  appetite  and 

disposition  

 development  of  

Splenic  plexus  »  

Spores  

Spurzheim,  brain  of  

Stapedius  muscle  

Stapes  

Starch   

 iodine-test  for  

 proportion  of.  In  different  vegetables  

 action  of  the  parotid  saliva  upon  

 general  action  of  the  saliva  upon  

 action  of  the  gastric  juico  upon,  by  hydration. . . 

 action  of  the  intesthial  juice  upon  

 action  of  the  pancreatic  juice  upon  


473 
474 
474 
475 
475 
475 
476 
476 
477 
477 
477 
478 

478 
921 
7-38 
866 
708 
S21 
819 
181 
181 
181 
206 
212 
248 
267 
275 
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Starvation  (see  Inanition)   14S,  175 

Stearic  acid   183 

Stearine   1S3,  504 

Bteno,  duct  of   20G 

Stercorino   294 

 formation  of,  from  cholesterine   295 

 in  tlie  fa;ces  458 

Stereoscope   805 

Sterno-mastoideus,  action  of;  in  respiration   12T 

St.  Martin,  case  of   232 

Stomacli,  piiysiologioal  anatomy  of   226 

 capacity  of.   226 

 peritoneal  coat  of.   226 

 muscular  coat  of   226 

 blood-vessels  of   22S 

 mucous  coat  of.   228 

 pits  of  228 

 glandular  apparatus  of   229 

 gastric,  or  peptic  glands   229 

 mucous  glands  of   229 

 closed  follicles  of   229 

 secretion  of  {see  Gastric  juice)  230 

 changes  in   the  appearance  of  the  mucous 

membrane  o^  during  the  secretion  of  gastric 

juice   234 

 secretion  in  different  parts  of   235 

 infusions  of  the  mucous  membrane  of   235 

 duration  of  digestion  in   249 

 digestibiUty  of  diiferent  aliments  in   249 

 influence  of  the  pneumogastrics  upon   252,  C63 

 influence  of  the  nervous  system  upon   252 

 movements  of.   253 

 division  of,  Into  two  compartments,  by  contrac- 
tions of  circular  fibres  during  digestion   254 

 regurgitation  of  food  from   255 

 gases  of   293 

 absorption  by  801 

 development  of   920 

Stomata  in  the  walls  of  the  capillaries   82 

Strabismus,  external   611 

 internal    615 

Striated  muscular  fibres   529 

Strj'chnine,  o.xaggeration  of  the  reflex  excitability  of 

the  spinal  cord  by   686 

Styloid  ligament,  development  of   922 

Subareolar  muscle   366 

Snbcla\ian  arteries,  development  of   933 

Subclavian  veins,  development  of   934 

Sublingiml  nerves,  efifects  of  section  of,  upon  deglu- 
tition ,   219 

 effects  of  section  of,  upon  mastication    204 

 physiological  anatomy  of   632 

 properties  and  functions  of  633 

 influence  of,  upon  the  tongue  and  upon  degluti- 
tion  634 

Sublingual  saliva  {see  Saliva)   208 

Submaxillary  gangUon   731 

Submaxillary  glands,  variations  In  the  color  of  the 

blood  in   5,  844,  347 

 influence  of  the  chorda  tympani  upon   023 

Submaxillary  saliva  (see  SaUva)   208 

Sucking,  mechanism  of   197 

 action  of  the  tongue  in   204 

Sudoric  acid  and  sudorates   395 

Sudoriparous  glands  (see  Sweat)   391 

 first  appearance  of.   916 

Suffocation,  sense  of   ICO 

Sugar  in  the  blood   22 

Sugar,  characters  of   180 
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Sugar,  action  of  the  gastric  juice  upon   24S 

 not  acted  upon  by  the  intestinal  julco   207 

 action  of  the  pancreatic  julco  upon   270 

 absorption  of,  by  the  lacteals. . ,   813 

 presence  of,  in  tho  lymph   832 

 presence  of,  in  tho  chyle   837 

 of  milk   875 

 production  of,  by  the  liver  (see  Liver)   4DS 

 process  for  the  determination  of.   460 

 Trommor's  test  for   461 

 Fehhng's  test  for   461 

 character  of,  produced  by  tho  Uver   466 

 rapidity  with  which  the  different  varieties  of, 

(cane-sugar,  milk-sugar,  glucose,  and  liver-sugar) 

are  destroyed  in  the  system   467 

 destination  of,  in  the  economy  :   471 

 relations  of,  to  nutrition   500 

Sulphate  of  lime   497 

Sulphate  of  potassa   497 

Sulphate  of  soda   497 

Sulphates,  elimination  of,  in  the  urine   428 

Sulpho-cyanide  in  the  saliva  207,  208,  211,  212 

Sulpho-cyanide  of  potassium,  action  of,  upon  mus- 
cular irritability   69 

Sulphuretted  hydrogen,  exhalation  of,  by  the  langs, 

when  injected  into  the  venous  system   154 

Summation  tones   832 

Superfecundation   894 

Superfcetation   894 

Superior  larjTigeal  nerves  {see  Pneumogastric)   651 

Suprarenal  capsules,  development  of   928 

 weight  of,  compared  with  the  kidneys,  in  the 

foetus  and  adult   928 

 structure  of   479,  480 

 chemical  reactions  of   481 

 functions  of.   481 

 extirpation  of   482 

Suspensory  Ugament  of  the  crystalline  lens   779 

Sweat   391 

Sweat-glands   391 

 number  of,  in  different  parts  of  tho  surface...  392 

Sweat,  mechanism  of  the  secretion  of   393 

 influence  of  the  nervous  system  upon  the  secre- 
tion of   893 

 quantity  of   393 

 influence"  of  exercise  upon   894 

 influence  of  temperature  upon   394 

 properties  and  composition  of   894 

 urea  in   894 

 peculiarities  of.  In  certain  parts   895 

 odor  of,  in  certain  parts   395 

 equalization  of  animal  heat  by  '. . .  521 

Sympathetic  nerves,  influence  of,  upon  the  color  of 

the  blood  in  the  veins   0 

 action  of,  upon  the  heart   59,  60 

 influence  of,  upon  the  arteries   09 

 influence  of,  upon  the  movements  of  the  small 

intestine   287  ' 

 Influence  of,  upon  animal  heat   514,  519 

Sympathcitio  system  ."^   729 

 general  arrangement  of.   730 

 distribution  of   730 

 cranial  ganglia  of   781 

 cervical  ganglia  of   731 

 thoracic  ganglia  of   733 

 abdominal  and  pelvic  ganglia  of   788 

 parts  in  which  the  terminal  nerves  of,  are  con- 
nected with  ganglionic  colls   735 

 structure  of  the  nerves  and  ganglia  of. . .   785 
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Sympathetic  system,  gonoral  proportioB  of   WO 

 connection  of,  with  tho  corobro-splnal  syBtcui . .  730 

 functions  of   '^'^'^ 

 inllueuce  of  division  of  nerves  of,  upon  onlmal 

heat   ''^f 

 Influence  of,  upon  tho  circulation  

 influence  of,  upon  secretion  

 influence  of,  upon  tho  urine  

 lufliujnco  of,  upon  tho  intestines  

 reflex  phenomena  In  

 influence  of,  upon  tho  iris   741, 

Sympexlons  

Syncope  

Synovial  burste  

Synoviul  fluid  

 composition  of  

 variations  of,  with  use  of  the  joints  

Synovial  fringes  851, 

Synovial  membranes  

 absorption  by  

Synovial  slieaths  

Synovine  


78S 
78S 
73S 
739 
740 
797 
884 
02 
851 
852 
858 
853 
853 
851 
817 
351 
352 


Tactile  corpuscles   574 

Tao-foo   179 

Tapioca   181 

Taste  (see  Gustation)   769 

- —  action  of  the  glosso-pharyngeal  nerve  in  764 

 influence  of  the  cliorda  tympani  upon   622 

Taste-buds,  or  taste-beakers   765 

Taste-cells   760 

Taste-pores   'ffi" 

Tastes  and  flavors   759 

Taurine   280,421 

Taurocholio  acid  and  taurooholato  of  soda   280,  444 

Tea   189 

 influence  of,  upon  the  exhalation  of  carbonic 

acid   1« 

 influence  of,  upon  the  elimination  of  urea   433 

Tears  :   814 

Teeth,  physiological  anatomy  of   193 

 enamel  of   199 

 dentine  of   199 

 cement  of.   199 

 pulp-cavity  of    199 

 varieties  of   200 

 function  of  the  sensibiUty  of,  to  hard  substances, 

in  mastication   205 

 action  of,  in  speech   562 

Teeth,  temporary,  development  of.   924 

 primitive  band  for  the  development  of.  924 

 epithelial  band  for  the  development  of.   924 

 enamel-organ  of.   925 

 bulb  of   925 

 follicle  of   925 

 dentine,  or  ivory  of   925 

 cement  of   925 

 order  of  eruption  of   920 

Teeth,  permanent,  development  of.   926 

 order  of  eruption  of   927 

Temperament,  in  musical  instruments   82S 

Temperature  of  the  blood   5 

Temperature,  influence  of,  upon  the  pulse   58,  78,  74 

 influence  of,  upon  the  size  of  the  arteries   70 

 influence  of,  upon  the  capillary  circulation   91 

 influence  of,  upon  tho  exhalation  of  carbonic 

acid   151 

 appreciation  of   ''54 

Temporo-maxlllary  articulation   202 


PACE 

Tendons,  sheaths  of   861 

 connection  of,  with  tho  muscles   588 

Tenesmus  ;   297 

Tcuor-volce   050 

Tensor  palatl   217,  621 

Tensor  tympani   620,  687 

Tentorium   607,  700 

Tesselated  epithelium   850,858 

Testicles   679 

 tunica  vaghialis  of   880,  928 

 tunica  albuginea  of   880 

 corpus  Hlghmorianum  of,  or  mcdlastlmun  tes- 
tis  880 

 lobules  of   880 

 tunica  vasculosa  of,  or  pia  mater  testis   860 

 seminiferous  tubes  of   880 

 vasa  recta  of   861 

 rete  of   861 

 vasa  efierentia  of   881 

 vas  aberrans  of  ilaller   681 

 first  appearance  of   927 

 descent  of   928 

 gubernaculum  of   923 

Tetanic  contraction   540 

Tetanus   6s7 

Theine   189 

Theobromine   190 

Third  cranial  nerve  {see  Motor  oculi  communis)   009 

Thirst   1«4 

 effects  of  hojmorrhage  upon   174 

 seat  of  sense  of   175 

 relief  of;  by  absorption  of  water  by  the  skm —  816 

Thoracic  duct   802,  306,  807 

 fistula  Into   828,385 

Thorax,  form  of   121 

 action  of  the  elasticity  of  the  waUs  of,  in  expmi- 

 129 


tlon  

Thrtenlne  

Thymus  gland  

Thyroid  gland  

  structure  of  

 functions  of  

 enlargement  of,  during  menstruation  

Thyro-arytenoid  muscles   558, 

Tidal  air  

Titillation  

Tobacco,  influence  o^  upon  the  exhalation  of  carbonic 

acid  

Tones  (see  Sound)  

Tongue,  action  o^  in  mastication  

 action  of  the  mnscles  of  

 action  of.  in  sucking  

 action  of,  in  deglutition   204, 

 mechanism  of  the  protrusion  of  

 action  of,  in  phonation  

 action  of,  in  speech  

 influence  of  tho  facial  nerve  upon  

 influence  of  the  sublingual  nerve  upon  

 papilteof   ""^^ 

 development  of  

Tonicity  of  muscles  ■  •  ■ 

Tonsils  

Touch,  sense  of  

 variations  in  the  sense  of,  in  difi'crcnt  parts  

 extraordinary  development  of  the  sense  of  

 table  of  variations  in  the  sense  of,  in  dWerent 

parts  • 

Townshend,  Colonel,  voluntary  arrest  of  respiration 
and  the  action  of  the  heart  by  v  


814 
4S3 
482 
483 
483 
4S3 
557 
136 
758 

149 

820 
204 
204 
204 
219 
204 
55S 
562 
624 
634 
766 
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534 
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751 
751 
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Trachea   118,119 

— —action  of,  in  phonatlon   65T 

 dovelopment  of.   922 

Tracliealis  musdo   119 

Tractus  spiralis  foraminulentus   847 

Tragus  of  tho  ear   SIT 

Training   498 

Ti-ansfuslou  of  blood   2 

Transudations   848 

Transversalis,  action  of,  in  expiration   131 

Trapezius,  action  of  tlie  superior  portion  of,  in  respi- 
ration!  128 

Triangularis  sterni,  action  of,  in  expiration   130 

Tricuspid  valve   38,  4T 

 safetj'-valve  function  of.   47, 109 

Trifacial,  or  trigeminal  nerve  (iee  Fiftli  cranial  nerve, 

large  root  of)   634 

Trigone   408 

Triphthongs   561 

Triplets   941 

Trochlearis  nerve  (gee  Patheticus)   618 

Ti-ommer's  test  for  sugar   461 

Tropliic  centres  and  nerves   741 

Truffles   191 

Tuber  annulare,  physiological  anatomy  of   723 

 function  of   723 

 development  of  917,  918 

Tubercula  quadrigemina,  physiological  anatomy  of. . .  722 

 functions  of   722 

 reflex  action  of,  upon  the  iris   722,  797 

 development  of   917,  918 

Turkish  baths   521 

Tiu:ning  movements  following  injury  of  certain  parts 

of  theencephalon   T28 

Twins,  one  white  and  the  other  black   894 

 one  male  and  the  other  female   895 


 question  of  development  of,  from  a  single  ovum 

or  from  two  ova  

 Siamese  

Tympanic  membrane,  physiological  anatomy  of  


 pockets  in  

 connection  of,  with  the  ossicles   835 

 color  of   836 

 cone  of  light  in   837 

 uses  of  

 vibration  of,  by  influence   837 

 tension  of,  by  muscular  action   820,  aST,  838 

 theory  of  the  action  of,  in  the  appreciation  of 

musical  sounds   838 

 protection  of,  from  concussion   840 

Tympanum   818 

 development  of   923 

TjTOsine   421 

Tyson,  glands  of   359 

Umbilical  arteries  and  vein   905,933 

tTmbilical  cord  906 

 valves  in  the  vessels  of.   906 

Umbilical  hernia  in  the  foetus   904,  920 

Umbilical  vein,  closure  of   938 

Umbilical  vesicle   904 

Umbilicus,  amniotic   901 

 decidual   908 

 Intestinal   904 

Unconscious  cerebration   744 

Unison  -....826 

Urachus   907,  920 

Urajmlc  poisoning   403 


Urea,  influence  of  coffee  upon  the  elimination  of  188, 428 
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Urea,  presence  of,  in  the  lymph   882 

 presence  of.  In  the  chyle   880 

 accumulation  of,  in  the  blood,  after  extirpation 

of  the  kidneys   408 

 ell'ects  of  Injection  of,  into  the  blood-vessels,  after 

extirpation  of  the  kidneys   408 

 vicarious  elimination  of,  after  extirpation  of  tho 

kidneys   408 

 characters  of.   418 

 where  found  in  the  economy  414 

 artificial  formation  of   414 

 decomposition  of   414 

 crystals  of   414 

 origin  of   414 

 detection  of,  in  the  blood   415 

 production  of,  in  the  Uver   415 

 theory  of  production  of,  from  uric  acid,  crea- 
tine, etc   415 

 amount  of  daily  excretion  of   416 

 influence  of  nitrogenized  food  upon  the  elimina- 
tion of   428 

 influence  of  alcohol,  tea,  and  coffee  upon  the 

elimmation  of   188,  428 

 influence  of  muscular  exercise  upon  the  elimina- 
tion of   428 

 Influence  of  the  sympathetic  system  upon  the 

elimination  of   738 

 diminished  excretion  of,  during  menstruation. . .  878 

Ureters,  physiological  anatomy  of   407 

 contractions  of,  produced  by  stimulation  of  tho 

eleventh  dorsal  nerves   409 

 development  of.   928 

Urethra,  physiological  anatomy  of   409 

 glands  of   888 

 development  of   920 

Uric  acid  and  its  compounds   416 

 amount  of  daily  excretion  of  417 

 influence  of  muscular  exercise  upon  the  elimina- 
tion of     429 

Urinary  organs,  development  of  928 

Urine,  absorption  of  the  watery  portion  of,  by  the 

bladder   81T 

 mechanism  of  the  production  of   401 

 influence  of  the  nervous  system  upon  the  secre- 
tion of  ..405 

 Influence  of  blood-pressure  upon  the  secretion  of  405 

 effects  of  destruction  of  the  nerves  of  the  kid- 
neys upon  the  secretion  of.   405 

 alternate  action  of  the  kidneys  in  the -secre- 
tion of   406 

 mechanism  of  the  discharge  of.   409 

 properties  and  composition  of   410 

 color  and  odor  of  410  _ 

 temperature  of   410 

 quantity  and  variations  of   411 

 specific  gravity  and  reaction  of   411 

 cause  of  the  acidity  of.   412 

 composition  of   412 

 table  of  constituents  of   418 

 fatty  matters  in   421 

 Inorganic  constituents  of   421 

 chlorides  of   422 

 sulphates  of   428 

 phosphates  of   428 

 derivation  of  the  phosphates  of,  from  food  and 

from  the  tissues   428 

 relation  of  the  proportion  of  phosphates  in,  to 

the  condition  of  the  brain   424 

 variations  in  the  phosphates  of.   424 
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Urlno,  coloring  matter  and  mucus  of.    424 

 gnsos  of   425 

 variations  In  tlio  composition  of   42(5 

 variations  of,  >vltli  ogo  and  aox   420 

 of  the  fictus   420 

 variations  of,  at  dlffcront  seasons  and  at  different 

periods  of  tUo  day  

 variations  of,  produced  by  food   427 

 influence  of  nltrogonlzed  food  upon   428 

 influence  of  muscular  exercise  upon  the  quantity 

of.  428 

 influence  of  muscular  exercise  upon  the  inorganic 

constituents  of   429 

 Influence  of  mental  exertion  upon   480 

 influence  of  the  sympathetic  system  upon   788 

TJrrosaclne   424 

Uterine  plug  of  mucus   908,  938 

Uterus,  mucus  of   85T 

  situation  and  position  of.   857 

 ligaments  of   858,  804 

 parts  and  structures  contained  In  the  broad  liga- 
ment of.   858 

•  physiological  anatomy  of   863 

 muscular  fibres  of.   804 

 arrangement  of  the  muscular  layers  of.  804 

 platysma  of.   804 

 mucous  membrane  of  the  body  of   804 

 mucous  membrane  of  the  cervix  of   805,  8C0 

  tubules  of  the  mucous  membrane  of.   800 

 variations  in  the  thickness  of  the  mucous  mem- 
brane of,  with  menstruation   800 

 ovules  of  Naboth  of   800 

 arbor  vita;  of.   806 

 blood-vessels  of  j  800 

 erectile  tissue  of   800 

— , .erectile  tissue  of  the  cervix  of   867 

 nerves  of   867 

 changes  in  the  mucous  membrane  of,  during 

menstruation   806,  8716 

 action  of  the  cervix  and  os  of,  in  coitus  890 

 penetration  of  the  semen  into   891 

 production  of  mucus  in  the  neck  of,  in  coitus. . .  891 

 formation  of  the  membranie  declduffl  fi-om  the 

mucous  membrane  of   907 

 secretion  of  mucus  by  the  cervix  of,  in  preg- 
nancy  908,988 

 first  appearance  of  the  new  mucous  membrane 

of,  in  pregnancy   908 

 development  of   923 

  double   928 

 development  of  the  round  ligament  of   928 

 enlargement  of,  in  pregnancy   938 

^  cause  of  the  first  contraction  o^  in  normal  par- 
turition  942 

 involution  of.  948 

 restoration  of  the  mucous  membrane  of,  after 

parturition   943 

Utricle  of  the  internal  ear    848 

 distribution  of  the  nerves  in   846 

Uvea   775 

Uvula   216 

 influence  of  the  facial  nerve  upon   028 

Uvula  veslcte   408 

Vagina   857,  808 

 sphincter  of   809 

— —  structure  of  .■   869 

 -double  928 

Vaginal  mucus   857 


Valentin,  limiting  membrane  of.   6«8 

Valsalva,  sinuses  of   89,  04 

 humor  of.   640 

Valsalva's  method  for  protection  of  the  membrana 

tyrapanl  from  concussion   840 

Valve,  tricuspid  '.   88,47 

 puhuonlc   88,  48 

 mitral   3!),  47 

 aortic   89, 48 

Valves  of  the  veins,  discovery  of.   82 

 uses  of,  described  by  Harvey   88,  90 

Valves  of  the  heart,  action  of   40 

Valves  of  the  lymphatics   803,809,840 

Valvulie  conniventes   259,802 

 development  of   92U 

Vas  deferens   880, 881 

— —  movements  of,  produced  by  galvanization  of  the 

lumbar  portion  of  the  spinal  cord   882 

 development  of,  from  the  Wolflian  duct  928 

Vasa  vasorum   67,  94 

Vasa  vorticosa   772 

Vascular  arches,  in  the  embryon   988 

Vascular  blastodermic  layer   931 

Vaso-motor  nerves  and  centres   67,  739 

Vator,  corpuscles  of  .'   6T8 

Vegetable  albumen   178 

Vegetable  caselne   179 

Vegetable  fibrin   179 

Vegetable  food  ITS 

Vegetables,  digestibiUty  of   251 

Veins,  variations  in  the  color  of  the  blood  in   5 

 renal,  color  of  the  blood  in   6 

 discovery  of  valves  of   82 

 uses  of  the  valves  of,  described  by  Harvey  .     33, 96 

.  circulation  in   92,  98 

 capacity  of,  as  compared  with  that  of  the  arte- 
ries ,   93 

 anastomoses  of  

 structure  and  properties  of  

  coats  of   

 vasa  vasonim  of  

— —  strength  of  the  walls  of  

 elasticity  and  contractUity  of.  

 valves  of  

 those  in  which  there  are  no  valves  

 course  of  the  blood  in  ■  

 pulse  in   99, 

 •  pressure  of  blood  in  

 rapidity  of  the  flow  of  blood  in  

 causes  of  the  cumulation  in  

 obstacles  to  the  flow  of  blood  in   101, 

 influence  of  musculiir  contraction  upon  the  flow 

of  blood  in  

 influence  of  the  force  of  aspiration  from  the 

thorax  upon  the  circulation  in  

 of  the  liver,  circulation  in  

 entrance  of  air  into  

 influence  of  gravity  upon  the  cu-culation  in.  103, 

 influence  of  a  suction  force  exerted  by  larger 

upon  smaller  vessels  upon  the  cumulation  in  

 relations  of  respiration  to  the  cu-culation  in  

 regurgitant  pulse  in  

 development  of  

Velum  pendulum  palatl  

 action  of,  in  phonation  

 influence  of  the  fecial  nerve  upon  the  movements 


■96, 


of., 


Vena  innominata,  development  of . 
Vena3  cavaj,  development  of  
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Venereal  orgasm,  in  the  male.   SSi) 

 in  the  female   ggi 

Venereal  sense  

Venoms,  absorption  of   819,827,  85S 


Venous  sinuses . 


95 


Ventilation  of  hospitals,  prisons,  etc   142 

Ventricles  of  the  heart   "  gg 

 comparative  capacity  of  right  and  loft     36 

 comparative  thiclcness  of  right  and  left   8S 

 shortening  and  elongation  of  "  43 

Venules,  or  venous  radicles   93 

VerUeyn,  stars  of  

Vermiform  appendix   2S8 

Vernix  caseosa   ggg  gjg 

Verfebrffi,  first  appearance  of.   014^'  915 

Vertebral  arteries,  development  of   932 

Vertebral  column  l^see  Spinal  column)  ' '  915 

Vertebral  plates   g  jg 

Vertigo   ' 

VesiouliB  seminales  ' ggg 

 development  of         '  928 

Vessels,  coa^tion  of  the  blood  in                2T 

Vestibule  of  the  ear  822 

Vibriones   "'' 

VilU  of  the  small  intestine.'   " '  '2V1 


•  development  of. 


915 
718 


842 
855' 
802 
920 


Villi  of  the  viteUine  membrane   901 


Villi  of  the  amnion 


901 


Villi  of  the  allantois   g'oj  ggg 


905 


Villi  of  the  chorion 

Villi  of  the  placenta   91  j 

■^"legar   190 

Visceral  arches   922 

Visceral  clefts                 S22 

Visceral  plates   914^  Vlfi',  920 

Vision,  physiological  anatomy  of  the  organs  of  (aee 
Optic  nerves  and  Eye)   757 

 '"■^"of  .  "isi  791 

 laws  of  refraction,  dispersion,  etc.,  bearing  upon 

the  physiology  of   jgg 

 refraction  by  lenses   787 

 ™J""P'«  788 

 hypermetropic   739 

 presbyopic  7g9 

 formation  of  images  in   79I 

 demonstration  of  the  fact  that  the  layer  of  rods 

•and  cones  is  the  seat  of  visual  impressions   791 

 area  of  distinct  '     '  792 

 bUnd  spot  in  the  retina  792 

 mechanism  of  refraction  in         793 

 astigmatic  

 movements  of  the  iris  in  

 accommodation  in  ' 

 through  a  small  orifice,  like  a  pinhole  ] . ' 

 erect,  although  the  images  on  the  retina  are  in- 
verted  

 binocular  

 double  

 corresponding  points  on  the  retina  in. .  802,  803 

 horopter  of   ' 

 monocular  


Vision,  development  of  the  organs  of  9ls 

Vital  capacity  of  the  lungs  .  18S 

 variations  In,  with  stature   *  jgg 

Vital  point   797 

Vitelline  

Vitelline  circulation   ggj 

Vitelline  membrane  of  the  ovum  '  570  , 

 disappearance  of,  after  leoundatlon   901- 

 VilloSitlOS  of.   ' '  ggj 

Vitellus   g^jj 

 deformation  and  gyration  of   S97 

 bright  appearance  of,  after  fecundation         897 

 formation  of  the  polar  globule  of.   897 

 formation  of  the  nucleus  of   S97 

—  segmentation  of  '.'.'.'.'.'.'."896,  897 

Vitreous  humor  

 hyaloid  membrane  of   732 

 in  the  embrj  on   7^2 

 blood-vessels  of   732 

 refraction  by   793 

""^""'^  '.'.'.'.'.'.'.■. '.■.■.■.'.'.■'I'lV,  550 

 action  of,  in  phonation   ggg 

Vocal  registers               553 

Voice  and  speech   g^g 

Voice,  mechanism  of  the  production  of                 558 

 action  of  the  vocal  chords  in         ggg 

 variations  in  the  quaUty  of                   555 

 varieties  of   •  .^f. 

.   ,    550 

  55G 

 range  of  

action  of  the  accessory  organs  of.   '  gg7 


-  action  of  the  trachea  in. 


796 
798 
801 

801 
802 
802 
810 
808 

„      .    804 

 esthnation  of  distance,  the  form  and  solidity  of 

objects,  etc   gg^ 

 with  the  stereoscope  " '  ggg 

 binocular  fusion  of  colors  805 

 duration  of  luminous  Impressions  In  .  .  eoo 

 ftislon  of  colors  in  '    "  ggg 

 irradiation  in  .     .  800 

 accidental  areohc  in   807 

62 
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 acHon  of  the  larynx  and  epiglottis  in............  ggs 

 action  o£  the  pharynx  in  ' ggg 

 action  of  the  mouth  in            ggg 

 action  of  the  nasal  fosste  in  ,   ggg 

 action  of  the  tongue  hi   sgg 

 action  of  the  velum  palati  m                   55s 

'       "  ....  558 


difierent  registers  of. . 


influence  of  the  spinal  accessory  nerve  upon  629 
—  influence  of  the  superior  laryngeal  branches  of 

the  pneumogastrics  upon   ggj 

Voluntary  muscular  tissue  (sea  Muscular'  ti's'sue)"  " "  528 
Vomitmg,  mechanism  of   "  o-r 

Vowels  

Vowel-sounds,  mechanism  of  


500 
501 


Wagner,  spot  of  

Wandering  cells  of  the  cornea  ' ' " '  * 

Water,  ftinotions  of,  in  the  blood          

 functions  of,  in  alunentation  .  .'.'  "I'sji  191 

 quantity  of,  necessary  to  nutrition. . . .'.'.'.'..'. . ..."  191 ' 

 quantity  of;  eluninated  by  the  organism.  191' 

 absorption  of,  by  the  laoteals  gj^' 

 absorption  of,  by  the  skin  .  '  ' gjg ' 

 condition  of,  in  the  economy  '. ^gg ' 

 general  functions  of  .  .  "  ^gg  ' 

 table  of  quantities  of,  m  difi'erent  tissues 491 

 origin  an^  discharge  of   ^gg  . 

Watery  vapor,  exhalation  of,  by  the  lungs ik9 

Webster,  brain  of   j.^. 

Weight,  appreciation  of. . . . ™i 

Wharton,  duct  of   ™J 

 gelatine  of        

Whey  

Wisdom-teeth  

WoMan  bodies  

 structiu-e  of          

 time  of  disappearance  of,  in  the  female .' .' ." . . 
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Woiman  bodies,  development  .of  the  opldldymls  from  »2S 

Woiman  ducts.  .   "f, 

 dovelopmout  of  tlio  vasiv  dofcrentla  IVom   U-is 

Woorara,  pulsation  of  the  heart  in  aiiiinala  poisoned 

  50,  BO,  01 

 absorption  of   ^19,  82T 

 influence  of,  upon  nervous  irritability   oVO 

Wrlsberg,nervoof   020,  021,  TOO 


Xantlilno  420 

Yawning  

Yolk,  priuclpal,  or  fonnatlvo   81" 

Youth    

Zona  pollucida   ^09 

ZoneofZlun   778.  779,781 
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